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Abstract

Undiagnosed tuberculosis (TB) remains the most common cause of HIV-related mortality,
including among people living with HIV (PLHIV) starting antiretroviral therapy (ART). This

thesis explores opportunities for reducing PLHIV mortality in sub-Saharan Africa.

Firstly, a systematic review of eight Xpert MTB/RIF (Xpert) impact trials found that lack of
Xpert impact on mortality was mainly due to higher empiric TB treatment rates in

microscopy versus Xpert arms.

Secondly, the Botswana XPRES trial evaluated the effect of an intervention package
comprising (1) support for intensified TB case finding (ICF), (2) strengthened tracing to
support retention, and (3) Xpert replacing sputum-smear microscopy on early (6-month)
ART mortality. Strengthened ICF and retention were associated with about 23% lower 6-

month mortality. No mortality benefit of Xpert replacing microscopy was observed.

Thirdly, to identify PLHIV at highest risk of early ART mortality, CD4-independent and -
dependent scores were derived from XPRES data and externally validated. Sensitivity of
CD4-independent score >4 in predicting mortality (86%) was twice that of WHO stage
alone (48%). Both CD4-independent score 24 and CD4-dependent score =5 had similar
sensitivity but higher specificity than WHO-recommended advanced HIV disease criteria

(i.e., CD4 <200/uL or WHO stage llI/1V).

Finally, a TB risk score for PLHIV was derived from XPRES data and validated on three
external datasets, with the aim of increasing (1) detection of asymptomatic TB, and (2)
sensitivity to exclude TB prior to TB preventive therapy. In the external datasets, TB risk
score 22 had higher sensitivity (87-97%) than the WHO four-symptom screening rule (80—
94%) but lower specificity (12—-58% versus 16—70%).



In conclusion, strengthening TB screening and retention in care could reduce early ART
mortality in sub-Saharan Africa. In addition, early mortality and TB risk scores could help

clinicians better detect and differentiate risk and should be further evaluated.



Acknowledgments

| am very grateful to many people without whom this thesis would not have been

possible.

Firstly, | need to thank my two primary supervisors Steve Lawn and Alison Grant. | was
very privileged and grateful to have been mentored and supervised by Steve Lawn for the
first 15 months of the thesis. He was always encouraging, insightful, and generous with
his time when providing feedback and advice. His generosity was remarkable given that
for most of the 15 months he served as my primary supervisor he was living with, and
undergoing treatment for, glioblastoma. He is sorely missed since his death on 23

September 2016.

| am also very grateful to Alison Grant for being willing to take over as my primary
supervisor in 2016 and from whom | have learnt a lot in terms of critical thinking, the
principles of risk screening discussed in this thesis, and practical approaches to improving
care for TB patients in sub-Saharan Africa. | am also very grateful to Katherine Fielding for
persisting as a secondary supervisor throughout the process, her patience with my many
guestions, and her support thinking through the analytic approaches described in this
thesis. To both Alison and Katherine | am very grateful for the many hours of
teleconferences, excellent feedback, patience, encouragement, and flexibility as |

completed this thesis as a part-time student.

| also need to thank my CDC supervisors Tedd Ellerbrock and George Bicego for
encouraging me to complete the research, as well as many colleagues in Botswana and
Atlanta who worked on the XPRES trial to make it a reality. Specifically, | also thank Tefera
Agizew, Anikie Mathoma, Rosanna Boyd, Anand Date, Sherri Pals, Chris Serumola, Unami
Mathebula, Heather Alexander, James Shepherd, and Alyssa Finlay. | also thank Botswana

Ministry of Health colleagues Dr. Rankgoane-Pono and Dr. Pontsho Pono for their support



for XPRES, as well as the many study participants who sacrificed their time to join the

study and generate new evidence.

Finally, | thank my family, especially my mother and father, who continue to teach by
example with extraordinary bravery since my father’s stroke in April 2016. Finally, | thank
my children and my wife Evelyn, who has supported me throughout, and without whom

this would not have been possible.



Table of contents

[D]=Tol T 1 4T o FO SO P ROV PTOPRPPROPRN 2
LAY o1 1 Tl OO PP P PRSP PPRURROPRPONt 3
F Yol Lo N 1Yo Feq 0 1= Y 4SRN 5
Table Of CONLENTES ...ttt st ettt b e e s st e ae e e b e e sbeesbeesnee e 7
LIST OF TaDIES ..t s e b e e nar e e s b e e sareeeanes 11
[y o) i =V =P RSP SRR 15
Table Of abDreVIatioNS .....ooiiiiiie et st sbe e e aee s 19
Chapter 1: INtrodUCtioN .......ceeeiieeiiiciiricreeereeerreerreeereneerensersasessnsesensssrensssensessnsssnssssnssesannes 21
1.1. Early mortality after ART initiation .....ccoviieiie i 22
1.1.1. Incidence and regional variations of early mortality after ART initiation................... 22
1.1.2. Causes of early mortality after ART initiation .......ccccceeeecieiiinciee e, 24

1.1.3. The persistent problem of early mortality after ART initiation in sub-Saharan Africa 25

1.2. Current WHO-recommended standards for early ART Care......ccccoceeeeecveeeeecieeeeecieeeeenns 27
1.3. Adherence to WHO-recommended TB SCreENING ........eeeeecuieieeiiieeeeecieee et e e ecvee e e 29
1.4. Adherence to WHO-recommended retention interventions........c.ccceceeveeveeneenecnnenne 30
1.5. Role and impact of Xpert MTB/RIF ........coooiiiiieeciee ettt ettt et e eeeaee e e v e 31
1.6. Limitations of WHO advanced HIV disease eligibility criteria .........ccccooeeeeecieeeecciencenee, 31
1.7. Limitations of WHO four-symptom TB screening rule ........ccccoeecvveeeeciieeeccciiee e 33
1.8. SEructure Of the ThesSis ......ueiiiiiieee s 34
1.9. Role of the Candidate .......oceeiieiiiiiieeeee e e 35
110, FUNGING ottt ettt ettt sb e et b e s bt et s bt st e st e sbe et e sbe e st ebesneeneenne 36
Chapter 2. Literature REVIEW .....cc.cieeuirienireenereanirrnnerenseeresieressersascernsesensssssnssssnsessnssssnssssnssesannes 37
2.1 INEFOAUCTION .ttt sttt ettt b e e bt e r e e smeesmeeemneereens 37
2.2. Systematic review of Xpert impact (Research paper 1) .....ccccocovveeeeeeceeecieecciee e 38

2.3. Literature review of screening approaches to inform intensification of early ART care 57

2.3.1. Introduction: WHO criteria vs. risk score approaches ........cccccvveeeeeeiecccciivieeeeeeeeecnns 57
2.3.2. Methods: literature search strategy ......cccuveeeeeiiiceciieee e 58
2.3.3. RESUIES et r e s r e e e s e snee s 59
2.3.4.  DiSCUSSION ..eeieiitiiee ettt ettt ettt e st e e st e e s e b e e e s snee e e s saree e e s snereeseneneessaneneessaneneesaane 67
B0 T TR o] o Tl [V 1Yo o H PP TRR PR 70



2.4, Literature review of TB screening approaches for HIV-positive people..........ccccuueen.e.e. 71

2.4.1. Introduction: WHO four-symptom TB screen vs. clinical score approach.................. 71
2.4.2. Methods: literature search Strategy .......ccocceeieciieeieciiee e 78
2830 RESUIES ettt ettt ettt sttt sttt b e bt e b e sae e st eteereen 78
244, DiSCUSSION ...etiiiuitieeieiteee e ettt e e e ettt e e s et e e s st e e e s eab e e e e s sabeeeessaseeeessabereesaneneessansneessaneneessane 88

D 3 T o] o Tol [V 1 o o H USSP PO VRRPPR 92
Chapter 3. Thesis aim, research questions, and study setting.....cc..ccceeeveeiireniiiiiiiiciitecieeenerennns 93
3.1. LAY 10 o TSP PP PPPPPPPPPROt 93
3.2. Specific research QUESTIONS ... ..uiii i aae e 93
3.3. SEEHING ThE SCENE .. et e e e et r e e e enaaeee s 94
3.3.1. BOTSWANG eeiiiiiiiiee e s s e s e e nane 94
3.3.2. SOULN AfFICA .cetieitieite ettt sttt b e sttt et 96

3.4, Key challenges facing the Botswana national ART programme at the time of XPRES .... 97

Chapter 4. Methods ........ciiiieiiiiiicerreieer e cerreeaeeseeans e seenssserenasssssenasssssenasssssennsssssenssssnennns 99
4.1. XPRES trial SUMIMAIY...cccccuiiieiciiiee ettt e et e e et e e eata e e e e sasa e e e entaeeeenraeeesnnaeeens 99
4.1.1. Primary trial ODJECTIVES ..ccocueiieeeeiee et are e 99
4.1.2. Secondary trial ODJECTIVES ......cocecviiieeciee e e 100
A.1.3. XPRES STUTY QESIZN wevrvererieeeieeeeeeeeeeeeeseeeeeseeseeesseseeseesesssesseseeseeseesesesseseeseseesessseseeees 100
4.1.4. Study design ratioNale.......ccueiiieiiiiieiiie e e 102
4.1.5. Cluster eligibility Criteria ....ccuveiieciee e e 103
4.1.6. Study enrolee eligibility Criteria .....coievcuveeieiiie e 104
4.1.7. Randomisation and Masking ........cccceevuiiiiiiiiiei i 104
B.1.8. PrOCEAUIES ...eoiueiiiieiieteeeite ettt ettt ettt sttt et e s st sane e bt e reesreesmeeenneereens 105
4.1.9.  Primary trial OULCOME ....ooieiiiii et et e e ree e e e atee e e e earee e e e nreas 108
4.1.10.  SAMPIE SIZE coeeiiie ettt ettt e e e e e e e e e e e e et ee e e e aba e e e e nraeeeeaarees 108
4.1.11. Laboratory ProCRAUIES .....cuueeieeiieee ettt ettt e ettt e e e et e e e ette e e e e ebeeeeesbeeeeeeneeeaeanns 110
4.1.12. Data collection and ManagemMeNt.......cccccoiccciiiieee e 112
4.1.13.  Trial statistical @analySis .....ccceeciiiiieie e 112
4.1.14.  Ethical cONSIAErations........cceoiieeriiiiiiie et 113
4.2. Early ART mortality risk score development ... 113
4.3. Development of a risk score for TB among PLHIV ..........coovciiiiiiiiiiiicieee e 114
4.4. RanNdom fOrest MOdel.......cc.ooviiiiiiiieeeeee s 115



Chapter 5: Results | XPRES trial primary outcome analysis (Research Paper 2).......c...ccceeeeeueee 119
5.1. Published research paper supplementary material .........ccooveieiiiiiieiiiie e, 136
Chapter 6: Results | Risk score to inform who needs intensification of ART (Research Paper 3)147
6.1. Research paper supplementary material ........coocuveiieiiieeicciee e 190

Chapter 7: Results | Regression & machine learning approach to derive HIV-associated TB risk

SCOre (RESEAICR PAPEK 4) ....ceeuiiiiiiiiiiiiieiiiiciiiiieennenssiessstseennssssssssssesesansssssssssssssssnnsssssssssssennne 196
7.1. Research paper supplementary material .......ccoocviiiieiiiiiicciec e 242
Chapter 8. Discussion, Recommendations, and CoNClUSIONS ......ccccceeereeeiereniireeerenncrennereneeenens 252
8.1. SUMMATY Of KEY FESUILS ...vvviieeiiiie et e e s e e s abee e s s nreas 252

8.2. New evidence and insights from the literature review, XPRES trial, and risk score
ANAIYSES .eteieiiiiee e e e e e e e e e t—e e e e et—eeeaab—eeeeab—eeeeabaeeeeabaeeeaabaeeeeabaeeeaanraeeeennrees 254
8.2.1. The importance of health system strengthening interventions to address “leaky” ICF
and HIV-TB retention CaSCades ......cccceieereiriieiiieniee sttt sttt e b e e e s 256

8.2.2. The importance of considering the need for truly pragmatic designs for future novel
TB diagnostic trials in LIMIIC .......eeiiii ettt ettt e et e e e eatae e s e nrae e e e nnes 269

8.2.3. The importance of implementing sensitive screening tools versus need for new

SENSITIVE dIaBNOSTIC TESTS...uiiiiiiiiie et e e et e e e et e e e e abe e e e enraeeeeennees 276
8.2.4. New tools to inform who needs intensification of early ART care .......cccceeeuvveeennen. 277
8.2.5. New tools and approaches to TB screening among PLHIV ........cccccceevviiiivciieeeennee, 281

8.2.6. Machine learning as an important tool in prognostic research if understand strengths
AN WEAKNESSES .ttt et ste e sttt s e e st e s ate e sbe e e sab e e sabeesbaeesareesanes 290

8.2.7. Simple screening tools needed for precision public health plus strong health systems

that IMPIEMENT thEM ..o e e e e s e bee e e e 293

8.3. Limitations and STrENGLNS ......oei it e e et e e e e e e e e eaes 295
8.3.1. Evaluation of thesis limitations ..........ccceeriiiiiiiii e 295
8.3.2. Evaluation of thesis StrenNgths ........coocciiiieciieecee e e e 301

8.4. Reflective commentary and practical lessons learned...........cccccoeeeeeciieeecciieecccieeeen, 303
8.4.1. Reflective COMMENTAIY ..cccoueiieeeceee et ettt e et e et e e e e arae e e e neeas 303
8.4.2. Practical 1esSons 1@arned ..........ooueeiiiiiiiie e 305

8.5. Summary reComMmMENAAtiONS .....uiiiieei it e e e e e e e e e e nrrraees 306
8.6. (6e] 4ol [U11 o] FJ PP PPR SRRSO 309

9. REFEIENCES. ...ttt et st b e s reesaeeereeas 311



O Y o T 1T o ol PSRRI 336

10.1. Appendix 1. Published XPRES Protocol........cccccueieiiiiieieiiiieee ettt 336

10.2. Appendix 2. Data collection and consent forms for XPRES.........ccccccoeeeeiiieeeecvveeeennee, 352
10.2.1.  Information and consent form — prospective adult enrolees (>18 years old at time
of Consent) in EC and ECHX PRaS@S ...cccicuriiieeiiiee e e ettt e ettt e et eeevae e e estre e e esanreeeeenreee s 352
10.2.2. Information and consent form for guardians of minors (<18 years).................... 357
10.2.3. Information and assent form for minors aged 13-17 ......cccovvvviiiieeiicieee e, 363
10.2.4. Prospective cohort enrolment form for EC and EC+X enrolees.........ccceevvcvveeennnns 368
10.2.5. Patient locating information — kept by study nurse for tracing purposes............ 379
10.2.6. Prospective study register to facilitate appointment tracking ..........cccceevvcvvveennnns 381
10.2.7.  Follow-up questionnaire for prospective EC and EC+X cohorts ........cccccceecvveeenns 383
10.2.8.  TBtreatment chart abstraction form ..........ccocceririiiiienineeee, 393
10.2.9.  Study exit form for EC and ECH+X @NrolEES ......ccccvveeieciieeiccieee ettt 396
10.2.10. Adult SOC (retrospective) cohort data abstraction questionnaire............c.......... 398

10.3.  Appendix 3. IRB approvals for XPRES .........cooiiiiiiiiieee ettt e e 403
10.3.1.  CDCIRB CapProVal ..cccuueeeeciiieecciieee ettt et e e vte e e e e bae e e e enaeeeeeans 403
10.3.2.  Botswana national ethics committee approval (HRDC) .......ccccecvveeeeciiieeeccieeeens 405
10.3.3. University of Pennsylvania IRB approval .......cccocceeeivciiieieciiee et esieee s 407
10.3.4.  London School of Hygiene & Tropical Medicine ethics approval .........ccccccuveennns 410

10



List of tables

Chapter 1
Table 1.1. WHO-recommended components of the package of care for people with

advanced HIV disease for adults and adolescents™........coouuvumeiiiiieiiieiiiieee et eeeens 29

Chapter 2

Table 2.1. (Research paper Table 1). Study designs of clinical trials with primary or
secondary aims to estimate impact of Xpert on patient outcomes.........cccccvvvvvveeeiinnnnnnnee. 46
Table 2.2. (Research paper Table 2). Patient outcomes related to the tuberculosis
diagnostic cascade from clinical trials of Xpert impact.......ccccccoeeiieeiiciieee e 49
Table 2.3. (Research paper Table 3). Treatment outcomes assessed in clinical trials
designed to estimate Xpert impact on patient oUtCoOmMESs .......ccccuvveeeeeeeiieiccciiieeeee e, 51
Table 2.4. (Research paper Table 4). Limitations of clinical trials designed to estimate Xpert
IMPACt ON PAtiENT OULCOMES ....eiiiiiiiiiiiiiiiiieiet ettt ae e sabebeaeseseresesasnsnrnnes 52

Table 2.5. Summary of mortality prediction risk score studies among PLHIV — 2005-2020

.............................................................................................................................................. 60
Table 2.6. Comparison of published risk scores for mortality among PLHIV...................... 65
Table 2.7. Discrimination of risk score in derivation and validation datasets..................... 66

Table 2.9. Summary of key results from the 2011 and 2018 meta-analyses informing four-
symptoms screening rule recommendations ........cceeecieeecieeeiieeecee et e e eree e 76

Table 2.10. Characteristics of studies included in the literature review ......cccceeeeevvvvveeennee. 80

11



Chapter 3

No tables

Chapter 4

No tables

Chapter 5

Table 5.1. (Research paper Table 1) Demographic and clinical characteristics of XPRES
participants at antiretroviral therapy initiation .........cccceveiiiiii e 128
Table 5.2. (Research paper Table 2) Primary and secondary study outcomes—comparison
of mortality rates between study Phases .........cccuiieiiiiiie i e 129
Table 5.3. (Research paper Table 3) Methods of new TB diagnosis immediately before ART
and in the first 6 months of ART in the SOC, EC, and EC+X phases of XPRES..................... 131
Table 5.4. (Research paper additional file 2) Clinical follow-up of clients in SOC, EC, and
ECHX Phases (2010-2015)......uuuiieeiiiiieeeeireeeeeciteeeeecttee e e e etre e e e e areeeeeeaareeeeeeasaeeeeenreeeeennnnees 137
Table 5.5. (Research paper additional file 3) - Table: Indicators used to assess
implementation of TB ICF and retention in the HIV care cascade.........cccccveeeeeeeiecnnnnnnenn. 138
Table 5.6. (Research paper additional file 4) Comparison of demographic and clinical
characteristics between prospective study enrolees in the EC and EC+X phases and eligible
clients declining @NrOIMENT........uvviiiiii e e e e e e s e e e e e e e e eeenanes 140
Table 5.7. (Research paper additional file 6) Table of sensitivity analyses of primary and
secondary study outcomes - comparison of mortality rates between study phases........ 142
Table 5.8. (Research paper additional file 7) Table of sensitivity analyses of primary and
secondary study outcomes to account for non-response - comparison of mortality rates
DETWEEN STUAY PRASES. oot e e e s e e e e e e s eaanrreaeees 143
Table 5.9. (Research paper additional file 8) Table of predictors of being screened for at

least one TB symptom in the standard of care phase of XPRES .........ccccovvvvereeeievieccnnnnneen. 144

12



Table 5.10. (Research paper additional file 9) Comparison of 6-month ART outcomes
before versus after efforts to ascertain accurate primary mortality outcome status among
clients LTFU by StUAY Phase ......eiiiiieiii ettt e e e s e e e arnne e e e e e e e s eannes 145
Table 5. 11. (Research paper additional file 10) Table showing differences in rates of

uncorrected loss to follow-up in the first 6 months of ART between SOC, EC, and EC+X

Chapter 6
Table 6.1. (Research paper Table 1) Comparison of characteristics of antiretroviral therapy

enrolees between internal derivation, internal validation, and external validation datasets

Table 6.2. (Research paper Table 2) Univariable and multivariable logistic regression
analysis in the derivation dataset (N =2,838) .....cccoviiiiiiiiiiieecieee e 164
Table 6.3. (Research paper Table 3) Multivariable model and clinical score generation from
the derivation dataset (N = 2,838) ...cccccuiieiiiiiiee et e e e e e saae e e 170
Table 6.4. (Research paper additional file 1) Table showing HIV care clinical follow-up of
clients in the Botswana XPRES cohort (2010-2015)......uuuuiiiiiiiiiiiiiieeieeeeeiiiinineeeeeeeeeesennnns 190
Table 6.5. (Research paper additional file 3) Tripod checklist for prediction model
development and validation ... e 192
Table 6.6. (Research paper additional file 4) Table showing Hosmer-Lemeshow tests for
calibration of final models A (CD4 excluded) and B (CD4 included).......ccecevvvvevieeiiiiinnnns 193
Table 6.7. (Research paper additional file 5) Tables showing performance of clinical score

in derivation and validation datasets for Models A (excluding CD4) and B (including CD4)

............................................................................................................................................ 194
Chapter 7

Table 7.1. (Research paper Table 1) Comparison of derivation and validation datasets
(iNternal and EXEEINAI)T ....eveeeieieiiee e e e s 211

13



Table 7.2. (Research paper Table 2) Univariable and multivariable logistic regression
analysis in the derivation dataset (N = 2,771) ccecoceeecoieeieeeceeeeee e 214
Table 7.3. (Research paper Table 3) Multivariable model and clinical score in the
derivation dataset (N = 2,771). .ottt et aae e s rae e et e e s e e earee s 219
Table 7.4. (Research paper supplementary appendix 1 (S1)) - Table of HIV care clinical
follow-up for clients in the Botswana XPRES cohort (2010-2015).......cccccevveeevviveeeennnennnn. 242
Table 7.5. (Research paper supplementary appendix 3 (S3)) - Table comparing XPRES and
external validation datasets........ccoviiiiiiiiii 244
Table 7.6. (Research paper supplementary appendix 4 (S4)) - Table of TRIPOD checklist:
prediction model development and validation .........ccccccovveiiiiiiei e, 245
Table 7.7. (Research paper supplementary appendix 5 (S5)) - Table of importance of
predictors in logistic regression versus random forest modelling approaches................. 246
Table 7.8. (Research paper supplementary appendix 6 (S6)) - Hosmer-Lemeshow test for

calibration of final tuberculosis prediction model..........ccccoiiiiiiiiie i 247

Chapter 8

Table 8.1. XPRES health system strengthening components that addressed the underlying

causes of missed steps in the TB and HIV care cascades.........ccccvvveeeeeeeeieiicinneeeeeeeeeeeennns 267
Table 8.2. Evaluating XPRES on the pragmatic vs. explanatory trial continuum............... 273
Table 8.3. Summary of key recommendations in this thesis........ccccovvvveeiieiiiiiiiineeeennenn. 307

14



List of figures

Chapter 1
Figure 1.1. Comparison of cumulative incidence of mortality up to four years after ART

start by region, corrected in South Africa for mortality under-ascertainment* ................. 24

Chapter 2

No figures

Chapter 3

Figure 3.1. Estimated total TB incidence (green), new and relapse TB cases notified (black),
and HIV-positive TB incidence (red) in Botswana — 2000—-2018* ...........ccccovueeeeecveeeeeennnen. 95
Figure 3.2. Estimated total TB incidence (green), new and relapse TB cases notified (black),

and HIV-positive TB incidence (red) in South Africa — 2000—-2018* .........ccccveeeecrreeeennen. 97

Chapter 4

Figure 4.1. Study design for the Xpert Package Rollout Evaluation using a Stepped-wedge

(o LT P o I D ad 2 ) USROSt 101
Figure 4.2. Location of 13 Xpert devices in service of 22 study clinics........cccceevuvveeeennneen. 104
Figure 4.3. Comparison of interventions introduced in the EC and EC+X phases.............. 106

Figure 4.4. Power to detect a 40% and 50% difference in all-cause 6-month ART mortality
between SOC and EC+X cohorts over a range of pre-ART SOC mortality rates................. 110
Figure 4.5. A decision tree with two nodes with classification informed by covariates x and
Y (taken from Zhou €t al)159 ......euuiiiieeiee e e ee e e e e e ab e e e e e e e 116
Figure 4.6. Example of splits for covariate x tried to evaluate "best" split with lowest Gini

(1] o 10T ) 0 U 117

15



Chapter 5

Figure 5.1. (Research paper Fig. 1) Study design for the Xpert Package Rollout Evaluation
using a Stepped-wedge design (XPRES). Abbreviations: SOC, standard of care phase; EC,
enhanced care phase; EC+X, enhanced care plus Xpert phase .......cccccovviveeiiniieeeiininenenn. 124
Figure 5.2. (Research paper Fig. 2) Trial profile........ccoomreeiiiiieeeee e, 127
Figure 5.3. (Research paper Fig. 3) Kaplan-Meier curves showing cumulative 6-month
mortality among ART enrollees in SOC, EC, and EC+X phases......ccccceeeeeeeecccvviiieeeeeeeeeenns 129
Figure 5.4. (Research paper Fig. 4) Intensified TB case finding (ICF) cascade among ART
enrollees in SOC, EC, and EC+X phases. Abbreviations: SOC, standard of care phase, EC,
enhanced care phase, EC+X, enhanced care plus Xpert phase ....ccccccoevecvviiveeeeee e, 130
Figure 5.5. (Research paper additional file 5) Cumulative 6-month ART mortality stratified
by SOC, EC, and EC+X phases among (a) enrollees with CD4 <200 cells/pL, (b) CD4 >200

CRIIS/IL™ .ottt ettt et e et e e et e e e e s ba e e beeeaeeebe e beeebeeeabeenbeeateeereeaaneans 141
Chapter 6
Figure 6.1. (Research paper Figure 1) Study profile .......cccceeveiiiiiiiiieeeeeee e, 160

Figure 6.2. (Research paper Figure 2) Model A (excluding CD4) development and
performance in the internal derivation and validation datasets respectively .................. 166
Figure 6.3. (Research paper Figure 3) Model B (including CD4) development and
performance in the internal derivation and validation datasets respectively .................. 168

Figure 6.4. (Research paper Figure 4) CD4-independent and CD4-dependent clinical score

Figure 6.5. (Research paper Figure 5) Sensitivity, Specificity, PPV, and NPV of clinical score

in predicting 6-month mortality in XPRES dataset (N=5,553) and external validation TB Fast
Track Dataset (N=1,077) for Models A (excluding CD4) and B (including CD4)................. 174
Figure 6.6. (Research paper Figure 6) Distribution of risk scores and 6-month mortality risk
in the XPRES dataset (N=5,553) and external validation TB Fast Track Dataset (N=1,077) for
Models A (excluding CD4) and B (including CD4) .........ooeeeiieeeeiiiee e 176

16



Figure 6.7. (Research paper Figure 7) Survival curves stratified by risk scores in the XPRES
dataset (N=5,553) and external validation TB Fast Track Dataset (N=1,077) for Models A
(excluding CD4) and B (inClUAING CDA4).......uvveeieiiieeeeieee ettt e e e e e e svaee e e neree e e e 177
Figure 6.8. (Research paper additional file 6) Area under the receiver operating curve for
clinical score performance in combined XPRES dataset (N=5,553) and external validation

TB Fast Track Dataset (N=1,077) for Models A (excluding CD4) and B (including CD4).... 195

Chapter 7
Figure 7.1. (Research paper Fig 1) Study profile.......cccoevvveeiiriiieee e, 209
Figure 7.2. (Research paper Fig 2) Random forest model variable importance ranking by

mean decrease in accuracy and mean decrease in Gini in the derivation dataset (N=2,771)

Figure 7.3. (Research paper Fig 3) Logistic regression model development and
performance in the internal derivation and validation datasets respectively .................. 216
Figure 7.4. (Research paper Fig 4) Comparison of area under the receiver operating
characteristic curves by modelling approach (logistic regression vs. random forest),
covariate number (15- vs. 6-variables), and in derivation versus validation datasets...... 218
Figure 7.5. (Research paper Fig 5) Clinical score for predicting tuberculosis among people
IVING WILH HIV e e e e e e e e s e st e e e e e e e e seanrreeeeeas 220
Figure 7.6. (Research paper Fig 6) Clinical risk scores and associated sensitivity, specificity,
negative predictive value, and positive predictive value for tuberculosis across four study
(o7 ] o o T £~ PP TP PP 222
Figure 7.7. (Research paper Fig 7) Clinical score discrimination according to area under the
receiver operating characteristic curve by study cohort........ccccceeeeeieiiciiiieeeeee e, 224
Figure 7.8. (Research paper Fig 8) TB risk stratification into low, moderate, and high-risk
Eroups by StUAY CONOIt ...oco i e e e e e e e e e eeanes 226
Figure 7.9. (Research paper Fig 9) Number needed to screen to detect one case of active

tuberculosis by clinical score cut-off and by study cohort ..., 228

17



Figure 7.10. (Supplementary appendix 7 (S7)) - Figure of the association between
temperature modelled as a transformed versus linear variable and prevalent active TB 248
Figure 7.11. (Research paper supplementary appendix 8 (S8)) - Table of performance of
the TB prediction clinical score in derivation and validation datasets...........cccccouveeeee.n. 249
Figure 7.12. (Research paper supplementary appendix 9 (S9)) - Figure of sensitivity,
specificity, negative predictive value, positive predictive value, of TB clinical score versus

WHO 4-symptom TB screening rule among ART-experienced clinic attendees (XPHACTOR,

Figure 7.13. (Research paper supplementary appendix 10 (S10)) - Figure of sensitivity,
specificity, negative predictive value, positive predictive value of clinical score versus WHO

4-symptom screening rule among those who died within 6 months of clinic enrolment 251

Chapter 8

Figure 8.1. Average length of primary care consultation by country (taken from Irving et

18



Table of abbreviations

AFB Acid-fast bacilli

AHR Adjusted hazard ratio

AIDS Acquired Immune Deficiency Syndrome
ART Antiretroviral therapy

ATT Anti-tuberculosis treatment

BMI Body mass index

Cb4 CD4* T-cell count

CDC Centers for Disease Control and Prevention
Cl Confidence interval

CrAg Cryptococcal antigen

CRP C-reactive protein

CXR Chest radiography

ELISA Enzyme Linked Immunosorbent Assay
GFR Glomerular filtration rate

HCV Hepatitis C virus

HIV Human immune-deficiency virus

HR Hazard ratio

ICF Intensified TB case finding

IPT Isoniazid preventive therapy

IQR Inter-quartile range

IRB Institutional review board

LFA Lateral flow assay

LMIC Low- and middle-income countries
LSHTM London School of Hygiene & Tropical Medicine
LTFU Loss to follow-up

MDR Multidrug resistant TB

MGIT Mycobacterium growth indicator tube
MTB Mycobacterium tuberculosis complex
MUAC Mid-upper arm circumference

NNS Number needed to screen

NPV Negative predictive value

Ol Opportunistic infection

OR Odds ratio

PHIA Population-based impact assessment
PLHIV People living with HIV

POC Point of care

PPV Positive predictive value




RNA Ribonucleic acid

SA South Africa

SOC Standard of care

SOP Standard operational procedure

SSA Sub-Saharan Africa

B Tuberculosis

TBFT TB Fast Track Trial

TB-LAM Determine TB-LAM Ag assay

TLR Toll Like Receptor

TNF Tissue Necrosis Factor

TPT TB preventive therapy

UNAIDS Joint United Nations Programme on HIV/AIDS

VACS Veterans Aging Cohort Study

WHO World Health Organisation

Xpert Xpert MTB/RIF assay

XPHACTOR  Xpert for people attending HIV/AIDS care: test or review?
XPRES Xpert Package Rollout Evaluation using a Stepped-wedge design
XTEND Xpert for TB: evaluating a new diagnostic

20



Chapter 1: Introduction

Globally, about 37.9 million persons are living with HIV, and about 770,000 persons die
from HIV-related illnesses annually.! The HIV pandemic disproportionately affects sub-
Saharan Africa; despite holding only 11% of the global population, sub-Saharan Africa is
home to about 25.6 million (68%) of people living with HIV (PLHIV) and accounts for about
470,000 (61%) of all HIV-related deaths.® Undiagnosed tuberculosis (TB) or TB diagnosed
late in the course of disease remains the most common cause of HIV-related deaths in
low- and middle- income countries (LMIC), including sub-Saharan Africa.?® In the most
recent meta-analysis of autopsy-confirmed causes of death among hospitalized PLHIV in
LMIC, about two-fifths (37%) of deaths were due to TB and in nearly half these deaths

(one-fifth of all deaths), TB was undiagnosed ante mortem.?

Scale-up of antiretroviral therapy (ART) is the most important public health intervention to
reduce annual HIV-related mortality.*® Since 2004, when there were 1.7 million HIV-
related deaths, the annual number of HIV-related deaths has declined by about 55% as
ART coverage increased from <1% to 62%.” By 2020, targets of reaching 81% of PLHIV
with ART were globally endorsed, but many countries will not reach this target.® Two new
targets have been proposed for 2030: first, to reach 90% of PLHIV with ART, and second,
to reduce HIV-related deaths by 90% compared with 2010.° With an estimated 23.3
million PLHIV currently receiving ART in 2020, an additional 12-13 million PLHIV will need
to be enrolled on ART over the next 10 years to reach the 2030 targets. In addition,
accelerated declines in HIV-related mortality will be needed to reach 90% HIV mortality
reduction goals.!%!* Among all ART enrolees, the highest incidence of mortality for both
adults and children is in the first six months of therapy.'? Therefore, identifying
interventions to reduce this early mortality on ART remains an urgent public health

priority.3

21



In addition, HIV-associated TB deaths accounted for 251,000 (21%) of the annual 1.2
million TB deaths in 2018, helping to make TB the leading infectious cause of death
globally.'* Following the September 2018 United Nations (UN) General Assembly high-
level meeting on TB, world leaders recommitted to ambitious End TB goals, which include
reducing annual TB deaths by 90% by 2030.1 These ambitious goals can only be achieved
if significant progress improving TB screening, diagnosis and treatment among PLHIV is

made.1>16

Therefore, this thesis focuses on evaluating the impact of improved TB screening
algorithm implementation among PLHIV during early ART, investigates opportunities to
improve on existing WHO standard eligibility criteria for who needs early ART care
intensification, and evaluates opportunities to improve TB screening approaches for both
ART-naive and -experienced PLHIV with the goal of contributing to HIV and TB pandemic

control goals by 2030.®

1.1.  Early mortality after ART initiation

1.1.1. Incidence and regional variations of early mortality after ART initiation
In this thesis we define early ART mortality as all-cause mortality within 6 months of ART
initiation. However, the time period defining early mortality after ART initiation varies
across published papers, ranging from 3,7 to 6,8 to 12 months.'® The most recent meta-
analysis of adult (215 years old) early mortality on ART in LMIC was published in 2016 and
included 58 studies that were published between January 2003 and April 2016 focusing on
mortality within 3 months of ART initiation.’” Key findings were that 3-month mortality
rates (unadjusted for under-ascertainment of mortality during loss to follow-up (LTFU))
were 6% (95% confidence interval (Cl), 5-7%) overall, but declined from 7% (95% Cl, 6-8%)
for ART enrolees before 2010 to 4% (95% Cl, 3-5%) during or after 2010.Y” Point estimates
of mortality within 3 months of ART initiation varied slightly by region, with point

estimates highest in sub-Saharan Africa (6.3%) compared with the Caribbean/Latin
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America (6.0%), and Asia (5.3%), although 95% Cl’s for these point estimates overlapped.
Published meta-analyses and recent observational studies show that a substantial
percentage of patients who become LTFU during early ART (20-60% according to recent
studies)!?2 are found to have died, usually shortly after the missed appointment. When
authors made the assumption that 47% of those LTFU within 3 months of ART would have
died by 3 months, overall 3-month mortality estimates nearly doubled from 6.0% to
10.6%.7 If we assume that about 70% of 6-month ART mortality occurs within 3 months
of ART initiation,?! include adjustment upwards for deaths during LTFU that were not
ascertained, and account for declining early ART mortality over time, a reasonable
estimate for 6-month mortality on ART for sub-Saharan Africa for the time period 2010-
2016 is about 10%, which is high compared with resource-rich countries where 6-month

mortality rates under 5% have been reported for the last 10-20 years.?>23

The observation that sub-Saharan Africa has higher early mortality on ART than resource-
rich settings and other LMIC was also noted in a 2010 systematic review and meta-analysis
of 12-month ART mortality in LMIC, which synthesized data from 50 observational cohort
studies published during 1996—2010 from program settings in sub-Saharan Africa, Asia,
and the Americas.’® The meta-analysis adjusted crude mortality estimates upwards to
account for expected mortality among patients LTFU during the first 12 months of
therapy.??° The meta-analysis reported a global 12-month ART mortality estimate for
LMIC of 14% (95% Cl, 10-20%).1° The meta-analysis, similar to contemporary multi-cohort
analyses,'23 reported significant regional variations in 12-month ART mortality, with 12-
month mortality highest in sub-Saharan Africa (17%), followed by Asia (11%), and the

Americas (7%).

Multiple potential reasons for the higher early mortality on ART in sub-Saharan Africa
compared with resource-rich settings have been proposed and explored.'®?! An analysis
by Boulle et al showed that reasons for higher early mortality in sub-Saharan Africa are

not purely related to a higher prevalence of advanced HIV disease at ART initiation (Figure
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1).22 Boulle and other authors support the interpretation that a combination of factors

likely account for higher early mortality on ART in sub-Saharan Africa versus resource-rich

settngs.’®?! A combination of interacting problems including higher disease burden of
opportunistic infections (Ol) like TB in the general population exacerbated by a higher
prevalence of late presentation for ART initiation among PLHIV, which is often driven by
socio-economic factors,?>2* are considered to be some key factors driving higher early
mortality on ART in sub-Saharan Africa compared with resource-rich settings.'®?? These
findings are supported by autopsy studies, which show that HIV-associated infections,
especially TB, but often multiple concurrent infections, account for the vast majority of
early deaths during ART,2 whereas only 30% of classifiable deaths in Europe and North

America are infection-related.?2

Figure 1.1. Comparison of cumulative incidence of mortality up to four years after ART
start by region, corrected in South Africa for mortality under-ascertainment*
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*Taken from Boulle, A et al, PloS Med, 2014.2% Analysis included ART enrolees between 2001-2010.
Note: Authors estimate good linkage with mortality registers in South Africa and the United States
to determine LTFU outcomes, and less frequent linkage to mortality registers in European cohorts.

1.1.2. Causes of early mortality after ART initiation

The most recent meta-analysis of pathological autopsy studies among persons with HIV in

LMIC included persons with HIV regardless of ART status across 36 eligible studies, and
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reported on 3,237 autopsies conducted by 2013; TB was reported as the most common
cause of death, accounting for 37% of deaths overall.3> Similarly, the only study focused on
describing autopsy-confirmed causes of early mortality after ART initiation in sub-Saharan
Africa, which was conducted in South Africa in 2012,%> reported that mycobacterial
infections (usually Mycobacterium tuberculosis) were implicated in 69% of early deaths
during ART. A more recent autopsy study published in 2016 among PLHIV with CD4 count
<150 cells/puL who died within 6 months of enrolling in a cluster-randomised trial in South
Africa reported that 47% of cadavers had evidence of TB (about half untreated
antemortem), 68% had clinically important bacterial infections, and 12% cryptococcal

disease, with 59% having two or more infections.?

1.1.3. The persistent problem of early mortality after ART initiation in sub-Saharan
Africa

Observational cohort studies among ART enrolees have shown that early mortality
incidence is largely determined by prevalence of markers for advanced HIV disease at ART
initiation, such as low CD4 count (e.g. CD4 <50 cells/uL), advanced disease stage (e.g.,
WHO stage IV), low body mass index (BMI <18.5), and severe anaemia (haemoglobin <8
g/dL).*>2627 Consequently, as the prevalence of advanced HIV disease among ART
enrolees has declined over successive annual cohorts in many LMIC due to expanding ART
access and lower thresholds for ART initiation,?®%° early mortality after ART initiation has
been reported to decline over time in several countries, including South Africa,303!

Botswana,3?> Mozambique,?! and in the most recent meta-analysis referenced.?’

The trend of increasing median CD4 count at ART initiation and declining early mortality in
LMIC raises the question whether AlDS-related causes of death, including TB, might be
declining in importance as a cause of early mortality after ART initiation.>3 A recent meta-
analysis to assess the proportion of on-ART mortality due to non-AlIDS causes of death
(e.g. cardiovascular disease, non-AIDS malignancies, and liver disease) synthesized data

from 19 studies conducted across 55 different countries representing both high-income
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countries and LMIC.23 The meta-analysis reported that non-AIDS causes of death among
people taking ART accounted for about 53%, 34%, and 19% of deaths in high-income
countries, LMIC overall, and sub-Saharan Africa specifically.3® Authors hypothesized that
as median CD4 count at ART initiation has increased among successive annual cohorts of
patients in the last 20 years in high-income countries, non-AIDS causes of death have
become proportionally more important.3® Notably, the meta-analysis relied mostly on
data from verbal autopsies or medical record review, an important limitation.? In
addition, the meta-analysis examined causes of death at any time during ART and not only
in the first 6-12 months of therapy. However, the author’s hypothesis for high-income
countries is supported by a multi-country analysis, including data from nearly 50,000
patients in 212 clinics in Europe, Australia, and the United States, which reported that the
percentage of deaths due to AIDS-related causes declined from 34% to 22% between 1999

and 2011 as median CD4 count at ART initiation increased.3*

A separate meta-analysis of autopsy studies, which is not yet published as a peer-
reviewed manuscript, included 56 autopsy studies describing over 10,000 autopsies
conducted between 1984 and 2015. This meta-analysis evaluated both the trend in
proportional mortality due to HIV-associated causes, and among those deaths classified as
HIV/AIDS-associated, the percentage due to TB.3> This meta-analysis showed the
percentage of deaths due to HIV-associated causes declined from 87% for studies
conducted pre-2005, to 77% for studies conducted during 2005-2010, and to 70% for
autopsy studies conducted during 2011-2015.3> However, TB as a cause of HIV/AIDS-
associated death appeared to increase from 24% in 2005 to 36% in 2015. Similarly, in the
meta-analysis by Gupta et al, which evaluated prevalence of TB in pathologic autopsies
among PLHIV who died in hospital, TB prevalence increased over a time of massive ART
scale-up rather than decreased.®> These two meta-analyses suggest that while ART scale-
up appears to be reducing mortality due to HIV/AIDS-associated causes, ART scale-up
appears to have had a lower relative impact on HIV-associated TB mortality.3> A limitation

affecting both meta-analyses is that methods to detect TB at autopsy have improved over
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time and the non-standard autopsy methods used across the autopsy studies limit ability

to confidently infer understanding of trends over time.3®

In addition, although most studies in sub-Saharan Africa have reported increases in
median CD4 count at ART initiation over the last 15 years as WHO ART eligibility guidelines
have shifted towards universal ART eligibility (i.e., test-and-treat), which has been
recommended since 2015,283637 most studies in sub-Saharan Africa continue to report
that 15-30% of ART enrolees present late and initiate ART with advanced HIV disease (i.e.,
a CD4 count <200/uL or WHO stage IIl/IV). For example, in a recent large multi-year
review of CD4 count test results (N=864,389) across four high burden sub-Saharan
countries, the percentage of ART enrolees starting ART with advanced HIV disease (CD4
<200/uL) remained fairly consistent: 19.4% (95% Cl: 18.8-20.1%) in 2012 compared to
16.1% (95% Cl: 16.0-16.3%) in 2016,3® with the proportion of patients diagnosed as having
advanced HIV disease ranging from 14.5% in Uganda to 29.8% in Cameroon.3”38 This
shows that even though WHO now recommends test-and-treat,*3° barriers to early HIV
testing, linkage to care, and early ART initiation remain in LMIC.%%*! In addition, recent
studies report that persons presenting to ART clinics with advanced HIV disease are more
likely to be ART-experienced who have cycled in and out of care with associated
fluctuations in immune-competence.!? Consequently, improved early ART care and
improved advanced HIV disease detection and management algorithms, that address risk
of co-infections including TB, remain a public health priority if 2030 targets of reducing

AIDS-related deaths are to be met.1042

1.2. Current WHO-recommended standards for early ART care

Given the clear evidence that ART initiation at earlier disease stages is essential to
optimize early ART outcomes,*** WHO strongly recommends rapid ART initiation for all
PLHIV after a confirmed HIV diagnosis and clinical assessment, ideally offering ART on the

same day as diagnosis for those ready to start and for whom there is no clinical reason for

27



delay.** However, while significant progress has been made in scaling up access to testing
and linkage to treatment, real-world challenges of achieving early HIV diagnosis,*>*®
linkage to treatment,*” and retention in early pre-ART and ART care,*® especially in certain
population groups like men,* youth,>° and those who are asymptomatic at the time of HIV

diagnosis, remain.>?

For example, a 2020 meta-analysis of progress to 90-90-90 targets (i.e., 90% of PLHIV
aware of their status, 90% of those aware on ART, and 90% of those on ART virally
suppressed) in sub-Saharan Africa included 92 studies published between 2014 and
2018.°! Authors did not estimate a pooled estimate of completion of each step in the
cascade, but rather used an unweighted median achievement of each treatment cascade
step across studies by age and gender. PLHIV 15 to 24 years old had lower median
completion of the treatment cascade (60-49-81), as compared to PLHIV 225 years (70-63-
91). Men also had lower median achievement of the treatment cascade (66-72-85),
compared to women (79-76-89).°1 These differences by age and sex in 90-90-90 cascade
completion have also been observed across all 13 completed population-based HIV impact
assessments (PHIAs), which are large nationally representative cross-sectional surveys of
90-90-90 cascades among PLHIV, in sub-Saharan Africa.>> These persistent challenges
reaching certain population groups in certain geographies with early diagnosis and linkage
to treatment, plus the relatively high rates of LTFU during ART in many sub-Saharan
African settings, resulting in clients cycling in and out of care,'! mean that detecting and
providing optimal care packages for PLHIV at highest risk of early mortality on ART

remains a priority.1%44

The WHO currently recommends intensification of care for persons >5 years old starting
ART with advanced HIV disease as defined by CD4* T-cell (CD4) count <200 cells/uL or
WHO stage Ill/1V (Table 1).** The intensification of care package, some components of
which have been shown to reduce mortality in clinical trials,>? include tuberculosis (TB)

screening with subsequent TB treatment for those diagnosed as having active TB, TB
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preventive therapy (TPT) for those who screen negative or are diagnosed as not having
active TB,>* cotrimoxazole prophylaxis,>>°® cryptococcal antigen (CrAg) screening for those
with CD4 count £100/uL and pre-emptive therapy for CrAg-positive people with no

evidence of meningitis,”” and enhanced adherence counselling®’ (Table 1).44

Table 1.1. WHO-recommended components of the package of care for people with
advanced HIV disease for adults and adolescents*

Intervention CD4 cell count

WHO four-symptom TB screening with sputum
Xpert MTB/RIF as the first test for TB diagnosis Any
among symptomatic PLHIV

Di .
laghosis LF-LAM for TB diagnosis among people with signs ~ <100/uL or at any
and symptoms of TB count if seriously ill
Cryptococcal antigen screening <100/uL
<350 cells/pL or
clinical stage 3 or 4
. . Any CD4 count in
Co-trimoxazole prophylaxis . . .
] settings with high
Prophylaxis
prevalence of
and pre- .
mbtive malaria or severe
emp bacterial infections.
treatment
TB preventive therapy (TPT) Any
Fluconazole pre-emptive therapy for cryptococcal
antigen—positive people without evidence of <100/puL
meningitis
ART Rapid ART initiation Any
initiation Defer initiation if .clln.lc?al symptoms suggest TB or Any
cryptococcal meningitis
Adapted Tailored lling t timal adh
apte ailored counse |r.1g 0 ensure op !ma a. erence <200/ or at any
adherence to the advanced disease package, including home . . .
e . count if seriously ill
support visits if feasible

Abbreviations: WHO, World Health Organisation; TB, tuberculosis; PLHIV, people living with HIV; LF-LAM,
lateral flow urine lipoarabinomannan assay.
*Taken from the 2017 WHO advanced HIV disease guidelines*

1.3. Adherence to WHO-recommended TB screening

In 2008, the WHO launched the three “I”s strategy, namely use of intensified case finding

(ICF), isoniazid preventive therapy (IPT), and infection prevention and control, to be scaled
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up in tandem with ART to reduce morbidity and mortality from TB.>® The ICF strategy
includes regularly screening all PLHIV for symptoms of TB and implementing TB diagnostic
and treatment algorithms for those who screen positive. WHO has recommended a four-
symptom screening questionnaire for current cough, fever, weight loss, or night sweats, to
be implemented at every clinical visit to identify who requires further TB diagnostic work
up since 2011.>° The four-symptom screen was initially derived from a meta-analysis of 12
studies, including approximately 10,000 PLHIV who were predominantly ART-naive, which
reported screening sensitivity in detecting culture positive TB of 79%.%° Notably, the goal
of this initial meta-analysis was to derive a TB symptom screening rule that maximised
sensitivity in detecting sputum culture-positive TB to facilitate ruling out active TB disease
and allow subsequent TPT prescription. A more recent meta-analysis also reported good

sensitivity (89%) among ART-naive PLHIV prior to ART initiation.®!

However, the TB diagnostic cascade that starts with TB symptom screening is not well
implemented in LMIC, with loss of patients at all steps of the cascade from TB screening to
treatment.52%3 Reasons for low compliance with TB screening and ICF algorithms are not
well understood, but could relate to high patient load making healthcare workers more
likely to omit key steps in care algorithms, inadequate training and knowledge of the
guidelines, lack of trust in the accuracy of diagnostics, or deficiencies in monitoring and
evaluation.'®3-%> Prior to this research, no trial had yet evaluated impact of improving
adherence to WHO-recommended TB symptom screening and ICF cascade guidelines on

patient-important outcomes.®®

1.4. Adherence to WHO-recommended retention interventions

In sub-Saharan Africa, incidence of mortality among those ART enrolees LTFU is 20-fold
higher than patients retained on ART, with most mortality occurring soon after the missed
appointment.®” Several trials have also shown high rates of LTFU among PLHIV with

microbiologically confirmed TB prior to starting TB treatment,®®7° or during TB treatment
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itself.687173 WHO recommends intensified counselling and adherence interventions for
people with advanced HIV disease during early ART based on these data and evidence
from randomized trials, including the REMSTART trial where weekly home visits were
provided during the first month of ART.>” However, pre-emptive home visits are not
widely implemented due to resource limitations. WHO also recommends rapid tracing for
patients who miss appointments, initially by phone or through home visit if not reachable
by phone, which is a retention intervention more widely feasible in sub-Saharan
Africa.**’%7> However, prior to this research, no trial had yet included active tracing as

part of an intervention package to reduce early mortality after ART initiation.”®

1.5. Role and impact of Xpert MTB/RIF

In 2009, commercial release of the Xpert MTB/RIF® assay for the GeneXpert® platform
(Xpert) (Cepheid, Sunnyvale, CA) represented an important advance over sputum smear
microscopy in diagnosing HIV-associated TB and drug resistant TB, and therefore became

lll”

an important component of the three “I”s strategy.”” With features including a TB
diagnostic sensitivity among PLHIV of about 79%,87° significantly superior to smear
microscopy (+45%),’® ability to detect rifampicin resistance-conferring mutations, capacity
to provide results from sputum within 100 minutes, and minimal training requirements,
Xpert significantly advanced TB diagnostic capability for clinicians managing PLHIV.8°
Consequently, Xpert rollout in high HIV prevalence settings was expected to avert a
significant portion of TB-related mortality among PLHIV, including those starting ART.81.82

In the next chapter (chapter 2), results of a systematic review of trials evaluating Xpert

impact on patient-important outcomes are presented.

1.6. Limitations of WHO advanced HIV disease eligibility criteria

WHO defines advanced HIV disease as CD4 count <200/uL or WHO stage IlI/IV.** The

definition of advanced HIV disease was arrived at through expert consensus and a Delphi
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process in developing the 2017 WHO advanced HIV disease guidelines.®® Following the
consensus process, the definition for advanced HIV disease became the WHO-
recommended eligibility criterion for accessing the advanced HIV disease package of
care.** However, no study has systematically attempted to quantify the screening
accuracy of the WHO advanced disease eligibility criteria in predicting who is at risk of
early mortality after ART initiation, in terms of sensitivity, specificity, negative predictive
value (NPV), and positive predictive value (PPV).23* A contrasting approach has sometimes
been used in resource-rich countries, where internally and externally validated regression-
derived mortality risk scores have been used to define levels of mortality risk, and
therefore need for intensification of ART care among PLHIV.28>8¢ Only one previous study
from Haiti, which was not externally validated, has used regression approaches to create a
mortality risk score for ART enrolees in a country classified as LMIC.2” However, validated
risk scores to determine who needs ART care intensification in sub-Saharan Africa, the
region of the world with the highest early ART mortality rates and the highest number
(470,000) and percentage (61%) of global annual HIV-related deaths, have not yet been

developed.!

Within LMIC, another limitation of the WHO advanced disease eligibility criteria is that the
majority of health facilities providing ART lack access to rapid or point-of-care CD4
testing.** In these settings, up to half of adults with a CD4 count <100/uL could be
categorized as WHO stage I/1l, and would be missed by an advanced disease screening
algorithm that relied on WHO stage alone.>® In addition, a screening tool for advanced
disease that relies only on CD4 count and WHO disease stage misses the many other
demographic and clinical predictors associated with early mortality on ART.®* Therefore,
externally validated clinical screening tools to inform who needs intensification of early

ART care are needed.®*
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1.7. Limitations of WHO four-symptom TB screening rule

Currently, the WHO recommends the four-symptom TB screening rule at each clinical visit
for PLHIV in LMIC, regardless of expected prevalence of active TB or ART status (ART-naive
or ART-experienced).®8 However, the screening accuracy of the WHO four-symptom
screening rule varies by population, setting, and ART status, raising the question whether

|II

a “one-size-fits-all” screening rule is appropriate.®? For example, the most recent meta-
analysis observed that while sensitivity of the WHO four-symptom TB screening rule is
about 89% among ART-naive PLHIV, it was only 51% among people on ART due to a higher
prevalence of asymptomatic TB among stable ART patients.62°%°1 At a time when global
health donors have committed to reaching over 13 million PLHIV on ART with TPT by
2021,°? low sensitivity of the WHO four-symptom screening rule for active TB among

PLHIV on ART warrants consideration of more sensitive screening approaches in order to

achieve a higher NPV.1®

Although new WHO guidelines recommend adding chest radiography to the screening rule
for PLHIV on ART to increase sensitivity, this comes at the expense of specificity, carries
significant additional costs and operational challenges, and might hinder rather than
expedite TPT scale-up in some LMIC settings.®">* Asymptomatic active TB (i.e., absence of
self-reported cough, loss of weight, night sweats, and fever) has also been reported in
other patient groups, including among severely immune compromised PLHIV,%*°> and
among pre-ART patients without advanced disease in high prevalence settings,’® among
whom missing asymptomatic active TB can have suboptimal health consequences for
patients and possibly impede disease control activities.?* Finally, the WHO four-symptom
screening rule does not allow TB risk differentiation into low-, moderate-, and high-risk
groups which might inform differentiated models of care. Therefore, improved TB

screening tools are urgently needed.®%’
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1.8. Structure of the thesis

This thesis is structured in research paper style format.

Chapter 2 is the literature review and has three components. The first component is a
published systematic literature review of Xpert impact trials (Research paper 1). The
second component is a literature review of existing WHO guidelines for evaluating early
ART mortality risk and a review of other published risk scores to inform PLHIV mortality
risk. The third component is a review of meta-analyses supporting the WHO four-
symptom TB screen and other published risk scores to inform understanding of TB risk
among PLHIV. All literature reviews summarize existing scientific evidence to clarify gaps
in needed research and aim to frame the relevance of thesis research questions and aims

presented in Chapter 3.

Chapter 4 describes the methodology of how thesis research aims are addressed,
summarizing the XPRES trial protocol, and outlining analytic methods used in the three

published research papers in Chapters 5, 6, and 7.

Chapter 5 is the research paper describing XPRES primary objective trial findings, which
address the first thesis research question (Research paper 2). Chapter 6 is a research
paper describing development of a new early ART mortality risk score for use in sub-
Saharan Africa (Research paper 3). Chapter 7 is a research paper describing development

of a new TB screening score for use in sub-Saharan Africa (Research paper 4).

Chapter 8 represents the discussion, recommendations and conclusion section of the

thesis, where key results, contribution to the literature, implications of findings,

limitations, strengths, recommendations and conclusions are provided.
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1.9. Role of the candidate

Since 2011, | have played the following roles in the XPRES trial: (1) conceptualized the
study; (2) served as a principle investigator (PI) for the study; (3) developed the stepped-
wedge trial design with a retrospective baseline component, (4) wrote the protocol (the
published version of which is attached as Appendix 1, where | am the first author); (5)
created all data collection instruments relevant to the thesis, incorporated co-investigator
feedback, and then finalized the instruments; (6) corresponded with the CDC institutional
review board (IRB), as well as other ethical oversight bodies; (7) registered the trial at
ClinicalTrials.gov (NCT02538952); (8) visited Botswana multiple times in 2011 during study
planning; (9) spent six consecutive months in Botswana during training and site initiation
for the stepped-wedge trial from May through October 2012; (10) participated in multiple
monitoring visits during 2013-2015; (11) coordinated weekly conference calls for the
study, documenting minutes, and tracking action items to ensure study quality and
protocol compliance; and (12) provided quarterly progress reports to funding oversight

bodies (the Associate Director of Science Office) at CDC Atlanta.

| led design of the XPRES trial intervention package. | proposed the need for health
system strengthening interventions that support implementation of WHO-recommended
TB screening and retention in HIV-TB care to be part of the package of interventions
implemented in the XPRES trial. | proposed this intervention package based on prior
clinical experience in busy public sector outpatient clinics in South Africa between 2003
and 2007, as well as operational research conducted in sub-Saharan Africa between 2007

and 2011.6298.%

| conducted all analyses included in this thesis. | wrote the initial drafts of the four
manuscripts, obtained feedback from co-authors, finalized, and have submitted the
manuscripts for peer-review, with two manuscripts published, one provisionally accepted

and the final manuscript under peer review. | wrote all sections of the thesis.
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1.10. Funding

This research was undertaken while working for the U.S. Centers for Disease Control and
Prevention (CDC). XPRES has been supported by the President’s Emergency Plan for AIDS
Relief (PEPFAR) through the U.S. Centers for Disease Control and Prevention. Disclaimer:
The findings and conclusions in this thesis do not necessarily represent the official position

of the U.S. Centers for Disease Control and Prevention.
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Chapter 2. Literature Review

2.1. Introduction

This thesis explores opportunities to reduce early mortality, and mortality in general,
among PLHIV in sub-Saharan Africa through improved TB case finding and retention

interventions. The literature review section contains three parts.

Firstly, a systematic review of trials evaluating Xpert impact on patient-important
outcomes is presented to frame the contribution for the primary research paper in this
thesis. The primary research paper in this thesis evaluates whether a package of health
system strengthening interventions supporting implementation of WHO-recommended TB
screening and ICF cascades and retention in HIV-TB care, combined with Xpert roll-out can
impact early ART mortality compared with standard of care in real-world ART programs in

sub-Saharan Africa.

Secondly, a literature review is presented that explores different approaches for
determining who is at risk of early mortality on ART, comparing various published

approaches with the current WHO-recommended approach.

Thirdly, a literature review is presented that summarizes firstly the meta-analyses
supporting the WHO four-symptom TB screening rule and secondly summarizes existing
published clinical scores to help identify PLHIV at risk of prevalent active TB, to frame the
unique contribution of the TB screening tool presented in this thesis for ART-naive and

ART-experienced PLHIV.
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2.2. Systematic review of Xpert impact (Research paper 1)
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Compared with smear microscopy, the Xpert MTB/RIF assay (Xpert), with superior accuracy and capacity to
diagnose rifampicin resistance, has advanced tuberculosis (TB) diagnostic capability. However, recent trials of
Xpert impact have not demonstrated reductions in patient morbidity and mortality. We conducted a narrative
review of Xpert impact trials to summarize which patient-relevant outcomes Xpert has improved and explore
reasons for no observed morbidity or mortality reductions. We searched PubMed, Google Scholar, Cochrane
Library and Embase and identified eight trials meeting inclusion criteria: three individually randomized, three
cluster-randomized, and two pre-post trials. In six trials Xpert increased diagnostic yield of bacteriologically-
confirmed TB from sputa and in four trials Xpert shortened time to TB treatment. However, all-cause mortality
was similar between arms in all six trials reporting this outcome, and the only trial to assess Xpert impact on
morbidity reported no impact. Trial characteristics that might explain lack of observed impact on morbidity
and mortality include: higher rates of empiric TB treatment in microscopy compared with Xpert arms, enroll-
ment of study populations not comprised exclusively of populations most likely to benefit from Xpert, and
health system weaknesses. So far as equipoise exists, future trials that address past limitations are needed to

inform Xpert use in resource-limited settings.

Keywords: Clinical trials, Health system weaknesses, Impact, Limitations, Study design, Xpert MTB/RIF

Introduction

In 2009, the commercial release of the Xpert MTB/RIF assay for
the GeneXpert platform (Xpert) represented an important break-
through in the fight against TB. With features including sensitiv-
ity to diagnose culture-positive TB from sputum samples among
persons living with HIV (PLHIV) of about 79%,' significantly
superior to smear microscopy (45%),” ability to detect rifampicin
resistance-conferring mutations, capacity to provide results
from sputum within 100 minutes, robustness under varying
temperature and humidity conditions, and minimal training
requirements, Xpert has advanced TB diagnostic capability for
clinicians managing presumptive TB patients in resource-limited
settings, especially those with suspected HIV-associated TB and
persons with suspected drug-resistant TB.?

With ample evidence that undiagnosed TB or TB diagnosed
late in the course of disease is an important cause of death

among persons with HIV,*° there was optimism that rapid
scale-up of Xpert in settings with high HIV prevalence, as recom-
mended by WHO,® would significantly impact key patient out-
comes like morbidity and all-cause mortality.” For example,
modelling studies predicted that, compared with the status quo
(smear-microscopy), Xpert would avert >100 000 deaths in five
sub-Saharan African countries over 10 years.” In line with WHO
recommendations and published expert opinion,®® several trials
set out to evaluate Xpert impact on patient outcomes, including
morbidity and mortality.”** Despite optimism, however, pub-
lished trials of Xpert impact have not yet observed morbidity
and mortality reductions. We conducted a narrative review of
published Xpert impact trials to answer two questions: what
impact has Xpert had on patient-relevant outcomes, and why
have Xpert impact trials not demonstrated morbidity and mor-
tality reductions?

© Published by Oxford University Press on behalf of Royal Society of Tropical Medicine and Hygiene 2016. This work is written by (a) US

Government employee(s) and is in the public domain in the US.
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Materials and methods

Search strategy

We conducted a narrative literature review according to pub-
lished guidelines.!” We searched PubMed, Google Scholar, the
Cochrane Library and Embase from 1 January 2005 to 31
December 2015 for reports published in English with the terms
‘Xpert MTB/RIF assay’ or ‘GeneXpert’ or ‘Xpert’ and ‘impact’ or
‘trial’ or ‘clinical trial’.

Study selection

Studies that met the following criteria were included: 1. the
study was a clinical trial, as defined by the International
Committee of Medical Journals (ICMJ) (i.e., ‘any research study
that prospectively assigned human participants or groups of
humans to one or more health-related interventions to evaluate
the effects on health outcomes’)!®; 2. the study included Xpert
in one of the intervention arms or phases; and 3. a stated pri-
mary or secondary aim of the study was to assess Xpert impact
on at least one patient-related outcome.

Studies were excluded if there was no direct comparison
between patients receiving standard of care (sputum micros-
copy) and patients receiving an intervention including Xpert;
therefore, so-called ‘hypothetical trials’, where patients received
both microcopy and Xpert and investigators hypothesized the
impact of Xpert in a scenario where only microscopy was avail-
able, were excluded. In addition, studies in which outcomes of
patients receiving Xpert were compared with historical national
average outcomes when microscopy was standard of care, were
excluded.® Pre-post trials at the same health facilities, which
compared patient outcomes between pre-Xpert microscopy
phases and post-Xpert rollout phases, were included in the
review, as these trials meet the ICMJ definition of a clinical
trial.*®19

The titles and abstracts of studies identified in the search
were retrieved and assessed by one reviewer who excluded
those that were clearly not relevant. The full texts of remaining
studies were assessed for inclusion by four reviewers, using the
inclusion and exclusion criteria described above.

Data extraction

Data were extracted directly into a spreadsheet that included
the following variables: first and second authors, publication
year, abbreviated study name, setting, design, randomization
level, sample size, study population inclusion criteria, standard
of care, intervention and role of Xpert MTB/RIF in the interven-
tion, key questions related to Xpert MTB/RIF impact on patient
outcomes, and key results including diagnostic yield, time to TB
diagnosis, time to TB treatment, TB treatment initiation rates,
empiric TB treatment initiation rates, loss to follow-up (LTFU)
before TB treatment, TB treatment outcomes, overall treatment
outcomes among all patients enrolled, and predictors of mortal-
ity. In addition, trial limitations as they relate to trial design,
conduct, or health system weaknesses were either abstracted
or postulated based on published data.

Results

Characteristics of studies included

Eight clinical trials, reported in 11 publications, were included
(Table 1). Of the eight trials, six were from sub-Saharan Africq,
one from Brazil, and one from Indonesia. All eight trials were
considered pragmatic (i.e., conducted in routine healthcare set-
tings, with the potential for existing programmatic weaknesses
to impact trial outcomes). Six of the eight trials included a ran-
domization component, while two were pre-post trials.***® Of
the six randomized trials, all had two arms or phases, three
were individually randomized,™'*'> and three were cluster-
randomized.!*? Of the three cluster-randomized trials (CRT),
one was a parallel group trial,’® one a stepped-wedge trial,'*
and one a time-randomized trial at a single clinic,’’ where
patients were randomized to receive microscopy or Xpert
depending on which week they attended the clinic. For the three
individually randomized trials, sample sizes were 242, 424, and
1502 patients. For the three CRTs, the number of clusters were:
51 in the time-randomized trial with 1985 patients enrolled, 14
in the stepped-wedge CRT with 24 227 patients enrolled, and 20
in the parallel group CRT with 4656 patients enrolled.

Study populations varied across the eight trials; six enrolled
persons being evaluated for TB,”"**1° referred to as presump-
tive TB patients in this review, one enrolled HIV-positive patients
starting antiretroviral therapy (ART) regardless of TB symp-
toms,’* and one enrolled presumptive TB patients considered
to be at risk for multi-drug resistant (MDR) TB.'® Six of eight
trials were focused on assessing Xpert impact among adults
(>18 years at enrollment),®'%1%"1> while two included both
adults and children.'>'® In the control arms, sputum smear
microscopy was used in six trials,>1%1%1¢ tracheal aspirate
smear microscopy in one trial,’> and sputum fluorescent smear
microscopy in one trial.:?

Xpert impact on TB diagnostic cascade

All eight trials reported diagnostic yield of bacteriologically-
confirmed TB (i.e., the percentage of study enrollees providing
sputum samples who tested positive for TB via either micros-
copy or Xpert). In six of eight trials, Xpert achieved higher diag-
nostic yield than microscopy (Table 2); in these six trials,
compared with microscopy, Xpert increased TB diagnostic yield
by a factor of about 1.6,° 1.2,'° 1.5,** 1.5'2 3.0,> and 1.2,'°
respectively.

In the four trials that reported time from sample collection
to result availability among drug-sensitive TB positive cases,
Xpert reduced this time in three trials®**!> (Table 2). In these
three trials,”!*1> Xpert and microscopy tests were performed
on-site (i.e,, at the point-of-care), whereas in the trial that
showed no difference in time to result availability, both Xpert
and microscopy tests were performed off-site at a separate
laboratory.**

Six of eight trials reported median time from enrollment or
sputum collection to standard TB treatment initiation among all
patients who started TB treatment, regardless of reason for
starting TB treatment; in four of six trials there was either strong
evidence the median time to treatment was shorter®'%'2 or

20f13

45

9T0Z ‘6T Jequieides uo Ariqi] DD eoeyl g usydels ke /610°speulnopioxo ywisly//:dny wody papeojumoq


http://trstmh.oxfordjournals.org/

€rjoe

Table 1. Study designs of clinical trials with primary or secondary aims to estimate impact of Xpert on patient outcomes

Study name,”  Setting Design Randomization Sample Size Study population Standard of care Intervention Patient outcome
Ref no. level inclusion criteria (main questions addressed
criteria)
TB-NEAT® South Africa, Pragmatic, Individual 1502 patients with  Patients: >18 years old; Same-day, onsite  Nurse-performed Primary: TB-related
Zimbabwe, randomized, presumptive TB. presenting to primary sputum smear point-of-care Xpert morbidity (measured
Zambia and two-arm care TB clinics; >1 TB microscopy by at the clinic (one with the TB score and
Tanzania parallel-group, symptom as defined laboratory spot sputum per the Karnofsky
multicenter by WHO (i.e., technician (one patient). Reference performance score
trial. presumptive TB spot sputum/ standard was liquid (KPS) among culture-
patient); spontaneous patient). One culture. positive patients who
sputum expectoration spot for had begun anti-TB
possible; no prior TB culture. treatment. Other:
treatment in last 60 diagnostic yield, time
days. from sample
collection to TB
treatment, TB
treatment initiation
rates, empiric TB
treatment, LTFU
before TB treatment,
TB treatment
outcomes, and
mortality.
XTEND'®20-2%  South Africa Pragmatic, two- Cluster (a TB lab 20 labs, 2 clinics Laboratories and their Sputum smear Xpert performed at Primary: Mortality at 6

Brazil stepped  Brazil

wedge!!?!

arm, parallel,
cluster-
randomized
trial.

Stepped-wedge
cluster-

with 2 clinics per lab, and
per lab) 4656 patients
with

presumptive TB.

Cluster (primary
care lab)

14 labs, 24 227
presumptive TB
patients among

clinics: not part of
other Xpert
evaluations; did not
already have
GeneXpert; complied
with current SOC TB
diagnostics; not likely
to be closed.Patients:
>18 years old; not on
TB treatment; had
been asked to and

microscopy by
laboratory
technician (two
spot sputa/
patient).

were able to provide a
sputum specimen (i.e.,
presumptive TB
patient); local resident.
Primary care labs: all 11
labs in one city (Rio de
Janeiro), and 3 labs in

Sputum smear
microscopy by
laboratory

the laboratory by
technicians (one
spot sputum/
patient).

Xpert performed at
the laboratory by
technicians (one

9T0Z ‘6T Jequieides uo Arliq1] DAD xdey L g ueydels e /B10's[euinopioxorywisiy/:dny wouy pspeojumod

months from
enrollment.Other:
diagnostic yield, time
from sample
collection to TB
treatment, TB
treatment initiation
rates, empiric TB
treatment, LTFU
before TB treatment.

Primary: Laboratory-
confirmed TB case
notification rate; time

Continued
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Table 1. Continued

Study name,®  Setting Design Randomization Sample Size Study population Standard of care Intervention Patient outcome
Ref no. level inclusion criteria (main questions addressed
criteria)
randomized whom 4640 Manaus, purposefully technician (one spot sputum/ from sample
trial patients started selected with criteria or two spot patient). collection to TB
TB treatment. not specified. sputa/patient). treatment
Patients: All patients initiationOther: TB
who provided sputa for treatment initiation
TB diagnostic work up rates, empiric TB
were eligible (i.e., treatment, TB
presumptive TB treatment outcomes.
patients).

Zimbabwe Zimbabwe Pragmatic, Individual 424 patients Patients: Symptomatic Sputum smear Xpert performed at Primary: % of patients

RCT* randomized, starting ART. and asymptomatic microscopy the laboratory by who died or developed
two-arm HIV-infected patients (two spot technicians (two incident TB (composite
parallel-group, initiating ART; >18 sputa/patient). spot sputa/patient). outcome) during ART
trial. years old; no prior ART; within 3 months of
not receiving TB randomization.
treatment; produced Other: diagnostic
at least 1 sputum yield, time from
sample (spontaneous sample collection to
or with induction) TB treatment, TB
treatment initiation
rates, empiric TB
treatment, TB
incidence, LTFU after
ART start.

South Africa Khayelitsha, South  Single clinic, Cluster (one 51 weeks Cluster: Purposefully On site lab sputum On site Xpert (one spot  Primary outcome: % of
single clinic Africa pragmatic, two- primary randomized; chosen clinic. smear sputum/patient). bacteriologically-
CRT*? phase, healthcare 1985 Patients: Presumptive microscopy confirmed TB cases

Crossovetr, clinic presumptive TB TB patients; >18 years (two spot not starting TB
cluster- randomized on patients old; not receiving TB sputa/patient). treatment within 3
randomized weekly basis to randomized treatment for 3 days months of

trial. each arm) among whom or more; all randomization.

492 started TB
treatment.

presumptive TB
patients included in
the intention to treat
(ITT) while the per
protocol analysis
excluded 40 of 1985
patients unable to
produce sputa.

9T0Z ‘6T Jequieides uo Arliq1] DAD xdey L g ueydels e /B10's[euinopioxorywisiy/:dny wouy pspeojumod

Secondary outcomes:
diagnostic yield, time
from sample
collection to TB
treatment, TB
treatment initiation
rates, empiric TB
treatment, TB
treatment outcomes,
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Uganda pre-
post trial'?

South Africa
ICU RCT®®

Indonesia pre-
post trial'®

Kampala, Uganda

South Africa, Cape
Town

Java, Indonesia

Single clinic,
prospective pre-
post study.

Prospective cohort
at 4 ICUs with
nested
individual RCT
sub-study.

Pre-post trial at
three provincial
public hospitals
in Indonesia.

Not randomized 477 hospitalized
presumptive TB
patients among
whom 252
started TB

treatment.

Individual 341 ICU patients
with
presumptive TB,
of whom 242

randomized.

Not randomized 975 patients at
risk of drug-
resistant TB
pre-Xpert and

1442 post-Xpert

Patients: >18 years old;

presumptive TB
patient; not receiving

TB treatment; patients

with insufficient or
absent sputa were

excluded from analysis

(29 of 525 initial
enrollees excluded for
this reason); patients

who died within 3 days

of hospital admission,
excluded from
analysis.

Patients: >18 years old;

presumptive TB
patient; mechanically
ventilated; tracheal
aspirate obtained for
all enrollees.RCT sub-
study: Enrolled during
2010-12 before Xpert
became SOC.

Patients: Any age, at risk

of MDR-TB, according
to Indonesian
quidelines.

On site lab
fluorescent
smear
microscopy
(two spot and
one morning
sputum/
patient).
Remainder for
culture.

1.5-7.5mL of
tracheal
secretions sent
for blinded
smear
microscopy.

1 sputum for
microscopy and
1 for culture. If
positive culture,
first-line DST.

and 6-month
mortality.

On site Xpert (one spot  Primary outcome: Not

sputum/patient).
One spot and the
morning sputum
sent for culture.

1.5-7.5 mL of tracheal
secretions sent for
blinded Xpert.

1 sputum sample sent
for Xpert, one
sputum sample for
culture. If positive
culture, first-line
DST.

specified.

Other: time from
sample collection to
TB treatment, TB
treatment initiation
rates, empiric TB
treatment, TB
treatment outcomes,
LTFU after hospital
admission, and 2-
month mortality.

Primary: % of culture-
positive TB patients
started on TB
treatment at 48 h
after enrolment.
Other: Diagnostic
yield, time from
sample collection to
TB treatment, TB
treatment initiation
rates, empiric TB
treatment, and
mortality at various
time points after
randomization.

Primary: TB case
detection rates
(diagnostic yield), RR
TB detection rates
among TB cases (RR
TB diagnostic yield),
RR TB treatment
initiation rates, and
time to RRTB
treatment initiation.

ART: antiretroviral therapy; DST: drug susceptibility testing; ICU: intensive care unit; LTFU: loss to follow-up; MTB: Mycobacterium tuberculosis; RCT: randomized clinical trial; Xpert: Xpert MTB/RIF; RR: rifampi-
cin resistant; SOC: standard of care.
°If the trial did not have an official name, it is referred to by a combination of the country it was conducted in and the trial design.
®Diagnostic algorithms varied across studies. Only in two studies, marked with ® was a specimen supposed to be sent for culture for all enrollees. Chest x-ray was a diagnostic tool available to clinicians if
deemed necessary, in all studies.
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Table 2. Patient outcomes related to the tuberculosis diagnostic cascade from clinical trials of Xpert impact

Study name, Ref  Population Follow-up  Diagnostic yield (% of study  Time from sample Time from sample collection/ Reported TB treatment Empiric TB treatment rates
no. time (days) enrollees with either collection/enrollment to enrollment to TB treatment initiation risk during (% of enrollees treated for
microscopy or Xpert- result (days) initiation for any reason follow-up TB by study end without
confirmed TB)® (days) bacteriologic confirmation)
Micro % Xpert % p Micro Xpert p Micro Xpert p Micro % Xpert% P Micro %  Xpert% p
TB-NEAT? Presumptive TB patients 56 15 24 <0.0001 0(0-6) 0(0-0) 0.005 1(0-4) 0(0-3) 0.0004 42 43 NS 26 17 0.0001
(outpatients)
XTEND!©:20:29 Presumptive TB patients 182 7.8 9.2 0.05 NA NA NA NAP NA® NAP 12.5 10.8 NS 4.4C 2.3¢ NA©
(outpatients)
Brazil Stepped Presumptive TB patients ~ NA 9.7 14.2 <0.001 NA NA NA 11.4 8.1 0.040 17.5¢ 20.84 NAd 10.4° 9.8¢ NA®
Wedge'?! (outpatients)
Zimbabwe RCT™  ART enrollees (outpatients) 182° 7 9 NS 6 2 NS 8 5 NS 21 20 NS 159 119 NA9
South Africa Presumptive TB patients 182 17" 26 <0.001  NA NA NA 8 4 0.013 231 28! 0013 9.8 5.2 0.0025
single clinic (outpatients)
CRT*?
Uganda Pre-post  Presumptive TB patients 60 37 43 NS 1 0 <0.001 1 0 0.06 81 85 NS 15 7 0.047
trial®3 (hospitalized)
South Africa ICU  Presumptive TB patients 90 6 18 0.012 12.1 0.2 0.0004 0.7 0.3 NS 14 22 NS 7.8 3.6 NAJ
RCT®® (hospitalized -
admitted to ICU)
Indonesia Pre-  Patients with presumptive  NA 65.2%  80.2% <0.001% 75.0' 1.0' 0.001' 880™  160™  <0.001™ 39.3" 58.5"  <0.001" NA NA NA
post trial'® drug-resistant TB

(outpatients)

ART: antiretroviral therapy; CRT: cluster randomized trial; ICU: intensive care unit; MDR: multidrug resistant; Micro: microscopy; NA: not available; NS: not significant; RCT: randomized controlled trial; RR: rifampicin resistant.

“Following study enrollment, sputum samples were obtained from all study enrollees, except in the Zimbabwe RCT where sputa were obtained only from symptomatic ART enrollees. Diagnostic yield represents yield of
bacteriologically-confirmed TB from these sputum samples collected soon after study enrollment.

®In XTEND, authors reported median time from enrollment to TB treatment only for those who were bacteriologically confirmed as having TB (10 days in microscopy arm vs 7 days in Xpert arm). No p-value was pro-
vided but the text suggests the difference was not statistically significant.

“Calculated from published data: 102 (4.4%) of 2332 presumptive TB patients in the microscopy arm and 54 (2.3%) of 2324 presumptive TB patients in the Xpert arm started empiric TB treatment. No statistical test
was published. However, among TB patients, the percentage with microbiological confirmation was higher in the Xpert than microscopy arms (78.4% vs. 65.0%, p = 0.07).

dCalculated from published data: 2050 (17.5%) of 11 705 presumptive TB patients in the microscopy phase and 2610 (20.8%) of 12 522 presumptive TB patients in the Xpert phase started TB treatment. No published
statistical test.

Calculated from published data: 906 (7.7%) of 11 705 presumptive TB patients in the microscopy phase and 1 009 (8.1%) of 12 522 presumptive TB patients in the Xpert phase started empiric TB treatment without
microbiology results. 313 (2.7%) of 11 705 presumptive TB patients in the microscopy phase and 216 (1.7%) of 12 522 presumptive TB patients in the Xpert phase started empiric TB treatment with negative microbio-
logical results. No published statistical test.

fAlthough follow-up was for 6 months (182 days) after ART initiation, data presented in this table represent diagnostic yield, time-to-diagnosis, time-to-TB-treatment, TB treatment initiation rates and empiric TB treat-
ment rates in the time from study enrollment to ART initiation.

9Calculated from published data: among all ART enrollees, the percentage given empiric TB treatment was similar between the microscopy arm (31 (15%) of 210) and Xpert arm (23 (11%) of 214). No published statis-
tical test. However, among TB treatment patients, the % treated on empiric grounds was high in both Xpert (54%) and microscopy (69%) arms, p = 0.12.

"n the microscopy arm, limited use of culture contributed to diagnostic yield estimates as some smear-negative patients had positive culture.

iAlthough follow-up was 182 days, TB incidence risk reported in this analysis was over 3 months (90 days).

ICalculated from published data: 9 (7.8%) 115 ICU presumptive TB patients in the microscopy arm and 4 (3.6%) of 111 ICU presumptive TB patients in the Xpert arm were prescribed empiric TB treatment. No statistical
test published. However, among patients started on TB treatment, empiric TB treatment was higher in the microscopy than Xpert arms (56% vs. 17%, p = 0.015).

“Among patients at risk for MDR-TB, diagnostic yield of TB increased from 65.2% pre-intervention to 80.2% in the Xpert phase (p < 0.001).

Time from registration to release of RR TB result declined from 75.0 days to 1.0 days after Xpert implementation, p < 0.001.

MTime from registration to initiation of treatment for RR-TB decreased from a median of 88.0 days to 16.0 days, p < 0.001).

"The percentage that were considered to have RR TB who started second-line TB treatment increased from 39.3% in the baseline phase to 58.5% in the Xpert phase (p < 0.001).
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weak evidence it was shorter’® in the Xpert than microscopy
arms (Table 2). In these four trials, Xpert reduced median time
to TB treatment by about 1 day,® 3.3 days,'? 4 days'? and 1
day,'® respectively.

In the one trial comparing time to diagnosis of rifampicin
resistant TB and time to second-line TB treatment between
Xpert and culture arms, Xpert reduced time to diagnosis from
75 days to 1 day, and time to second-line TB treatment from 88
days to 16 days (Table 2)."® Xpert was located on-site in the
post-Xpert phase, whereas in the pre-Xpert phase, all culture
and drug susceptibility testing occurred at an off-site laboratory.

In the seven trials reporting percentages of enrollees initiating
drug-sensitive TB treatment by study end,”™> TB treatment initi-
ation rates were only significantly higher in the Xpert arm in one
trial.’? Across the seven trials, among presumptive TB patients, TB
treatment initiation rates ranged from 12.5 to 81% in the micros-
copy arms and from 10.8 to 85% in the Xpert arms (Table 2).

In the one trial reporting the percentage of enrollees initiat-
ing second-line TB treatment among presumptive MDR TB
patients, the percentage starting second line increased from
39.3% in the microscopy and culture phase to 58.5% in the
Xpert phase (Table 2).1°

Among seven ftrials reporting the percentage of enrollees
receiving empiric TB treatment (i.e., TB treatment based on clin-
ical picture or chest x-ray) by study end, five reported higher
percentages of enrollees receiving empiric TB treatment in the
microscopy than the Xpert arms; in these five trials, Xpert
reduced the percentage of enrollees receiving empiric TB treat-
ment by about 35%,° 48%,'° 47%,'” 53%,'* and 54%,'°
respectively (Table 2).

Xpert impact on patient outcomes

In the two trials reporting the percentage of bacteriologically-
confirmed TB patients LTFU before TB treatment start,”'° one
trial reported lower LTFU in the Xpert arm (15 vs 8%, p=0.03)°
(Table 3). In the one trial reporting the percentage of rifampicin
resistant TB patients LTFU before second-line TB treatment, the
percentage LTFU before second-line treatment initiation
declined from 52.4 to 31.0% after Xpert rollout (p<0.001).®

Only one trial compared TB treatment morbidity outcomes,
as measured by TB scores and Karnofsky Performance Scores
after TB treatment initiation”; in this trial morbidity scores were
similar between arms (Table 3).

Of eight trials, five reported incidence of unfavorable outcomes
following TB treatment initiation (i.e., LTFU, death, TB-attributable
death, or some combination of these outcomes).>1%13:20.21
Across the five trials the percentage with unfavorable TB treat-
ment outcomes was similar between microscopy and Xpert
arms (Table 3). In the one trial that compared incidence of
TB-attributable death following TB treatment initiation between
microscopy and Xpert arms, TB-attributable deaths were
reported to be significantly lower in the Xpert than microscopy
phase (2.3 vs 3.8%),%! but there was considerable LTFU (15.9%
in Xpert phase and 16.2% in microscopy phase), limiting ability
to interpret this finding (Table 3).

In all six trials that compared all-cause mortality between
microscopy and Xpert arms,”'%1271> ng difference in all-cause

mortality was observed at any time point after enrollment
(Table 3). Two trials compared risk of LTFU between Xpert and
microscopy arms'*'* and in one trial LTFU incidence was higher
in the microscopy (10%) than Xpert (2%) arms (p<0.001),*3 but
sensitivity analysis suggested this did not affect the conclusion
of no mortality difference between arms (Table 3).

Predictors of outcomes

Five trials reported multivariable models describing predictors of
mortality among trial enrollees. In the four trials that enrolled
presumptive TB patients, being HIV-positive vs HIV-negative
(two trials), being HIV-positive and not on ART vs HIV-negative
(one trial), being HIV-positive with ART status unknown vs being
HIV-positive and not on ART (one trial), and not knowing HIV
status vs being HIV-negative (two trials), were factors predictive
of mortality. In the fourth trial reporting a multivariable model,
which enrolled only HIV-positive patients starting ART, CD4
count <100 cells/uL vs >100 cells/uL was predictive of mortality.

Discussion

Across the eight trials reviewed, Xpert generally had a beneficial
impact early in the TB diagnosis and treatment cascade: six of
eight trials reported improvements in yield of bacteriologically-
confirmed drug-sensitive TB among patients who provided spu-
ta, three of four trials reported reduced time to drug-sensitive
TB-diagnosis, four of six trials reported reduced time to drug-
sensitive TB treatment, and five of seven trials reported reduced
rates of empiric drug-sensitive TB treatment in the Xpert com-
pared with the microscopy phase or arm. In addition, in the one
trial examining impact of Xpert on drug-resistant TB treatment
outcomes compared to culture, Xpert achieved remarkable
reductions in time from sputum collection to rifampicin resistant
TB detection, reductions in time to second-line TB treatment,
and reductions in apparent LTFU before second-line TB treat-
ment. However, Xpert had less impact in later stages of the TB
diagnosis and treatment cascade; rates of TB treatment initi-
ation were similar between microscopy and Xpert arms in six of
seven trials, TB treatment outcomes were similar between arms
in all five trials reporting this outcome, and mortality was similar
between arms in all six trials reporting this outcome. There are
several possible reasons related to trial design, trial conduct,
and prevalent health system weaknesses that might help
explain why improvements in outcomes early in the diagnostic
cascade did not translate into observed improvement in final
patient outcomes (Table 4).

Trial design
Higher rates of empiric TB treatment in the microscopy arms

Despite improvements in diagnostic yield of bacteriologically-
confirmed TB in Xpert arms in most trials, higher incidence of
empiric TB treatment in the microscopy arms meant that likeli-
hood of TB treatment by study end was similar between micros-
copy and Xpert arms in most trials, with empiric TB treatment of
culture-positive smear-negative TB patients in the microscopy
arms largely removing any potential for observed Xpert impact
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Table 3. Treatment outcomes assessed in clinical trials designed to estimate Xpert impact on patient outcomes

Study LTFU before TB treatment TB treatment outcomes LTFU and mortality among all study enrollees Mortality predictors
among microbiologically-
confirmed TB patients

Micro %  Xpert% p Outcome Micro%  Xpert% p Outcome Micro% Xpert% p
TB-NEAT® 15 8 0.03 LTFU 32 29 NS 3 m Mortality 8 8 NS Multivariable analysis:
2mTB score® 2 2 NS - HIV-positive vs HIV-negative
2 m KPS® 80 90 NS - Lower baseline TB score.
XTEND?0:20:29 14.9° 17° NS Composite® 12.5 11.7 NS 6m Mortality 5.0 3.9 NS Multivariable analysis:
- Known HIV-positive and not on
ART vs HIV-negative
- Not knowing HIV status vs HIV-
negative
- BMI <18.5 vs 18.5-24.9
- Age <30 vs >50 years
- Higher number of TB symptoms
Brazil stepped NA NA NA Composite® 31.7 29.6 NS¢ NA NA NA NA Multivariable analysis (predictors of
wedge!??! LTFU 16.2 15.9 NSf unfavorable TB treatment
TB-mortality 3.8 2.3 SS9 outcome):
- Male sex
- HIV positive vs HIV-negative
- HIV unknown vs, HIV-negative
- Rio vs Manaus
Zimbabwe RCT* NA NA NA NA NA NA NA 6 m Mortality 10 6 NS Multivariable analysis:
6 m LTFU 18 15 NS - Male sex
6m TBincidence 4 3 NS - Low CD4 count (<100) vs >100
6m Death or TB 12 9 NS - TB diagnosed at enrollment before
ART start.
South Africa single clinic ~ NA NA NA Composite” 12.5 12.7 NS 6m Mortality 3.8 3.4 NS NA
CRT"?
Uganda pre-post Trial? NA NA NA 2m Mortality 17 14 NS 2 m Mortality 17 17 NS NA
2m LTFU 10 2 <0.001
South Africa ICU RCT®® NA NA NA NA NA NA NA 1 m Mortality 34 27 NS Mortality predictors among all ICU
3 m Mortality 42 32 NS enrollees (n=341), not just those
randomized:
- Age 24-39 vs <24 years
- HIV-positive and ART unknown vs
HIV-positive not on ART.
- Inotrope use
- APACHE-II score >25 vs <20.
Indonesia Pre-post 52.4' 31.0 <0.001"  NA NA NA NA  NA NA NA NA NA
trial®

ART: antiretroviral treatment; BMIL: body mass index; ICU: intensive care unit; KPS: Karnofsky Performance Score; LTFU: loss to follow-up; m: month; NA: not available; NS: not significant; RR: rifampicin
resistant; SS: statistically significant on the basis of an odds ratio with 95 CI excluding 1 (p-value not provided).

“Both median TB score (2 vs 2, p = 0.85), and median KPS (80 vs 90, p = 0.23) in culture-positive patients, who had started TB treatment, did not differ at 2 months post randomization, or at 6 months.
®In XTEND, the percentages reported here represent those not starting TB treatment by 28 days after bacteriological TB confirmation.

“Composite poor outcome was death, LTFU, and treatment failure.

dComposite poor outcome was incidence of LTFU, TB-attributable death, other deaths, change of diagnosis, transfer out, or resistance.

¢p-value was not provided. Instead, the 95% CI was provided and included 1: 29.6 vs 31.7, OR = 0.93; 95 CI = 0.79-1.08.

fp-value was not provided. In the text, the paper states ‘loss to follow-up was not changed by the intervention (16.2 vs 15.9)".

9No p-value was provided. The text states that ‘Adjusted for HIV status, age group and city, the intervention resulted in a 35 decrease in TB-attributed deaths (OR = 0.65, 95CI = 0.44-0.97)".

_"Composite poor outcome was LTFU, death, or TB treatment failure.

'The percentage of RR TB patients with missing information on RR treatment initiation declined from 52.4 in the baseline phase to 31.0 in the Xpert phase, p < 0.001. No differences in the percentage of
enrollees documented to be LTFU before RR treatment (0.9 pre- vs 2.3 post-Xpert, p = 0.30), or documented to be dead before RR treatment (2.4 pre- vs 1.0 post-Xpert, p = 0.50) were noted.
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Table 4. Limitations of clinical trials designed to estimate Xpert impact on patient outcomes

Study, Ref no. Design Conduct Health system weaknesses
Study population Restricted  Nota No blinding Higher Not Anticipated LTFU of % of study % of HIV- High LTFU of High LTFU
not exclusively a to randomized to TB rates of powered to morbidity or enrollees enrollees not  positive microbiologically- of TB
WHO priority outpatients  trial diagnostic  empiric TB  detect a mortality restricted key ~ knowing their enrollees on  confirmed TB patients
population (reason) used treatment  morbidity  difference outcome HIV status ART (ART patients before during TB
in or possibly too ascertainment coverage) TB treatment treatment
microscopy mortality  large (i.e.,
arm difference  possibly
underpowered)
TB-NEAT? L (40% HIV- L NL L L NL L° L° <1 26 L L
negative)
XTEND'®2° L (50-55% HIV- L NL L L NL L° NL® 21-27 33 L NA
negative)
Brazil stepped L (90-92% HIV- L NL L NL L N/A L4 >50 NA NA L
wedge!!?! negative)
Zimbabwe RCT™  NL (100% HIV- L NL L NL NL Le Le 0 100 NA NA
positive)
South Africa L (40-41% HIV- L NL L L L N/A NA 18 NA NA L
CRT*? negative)
Uganda pre- L (24% HIV- NL L L L L N/A Lf 0 NA NA L
post!? negative)
South Africa ICU L (70% HIV- NL NL L L L N/A NL® 15 31 NA NA
trial*® negative)
Pre-post trial, NL (100% DR TB L L L NL L N/A Lh NA NA L NA
Indonesia®® suspects)

CRT: cluster-randomized trials; DR: drug resistant; HTC: HIV testing and counselling; ICU: intensive care unit; L: stated study limitation applies to this study; LTFU: loss to follow-up; NA: not available; N/A: not
applicable; NL: study limitation does not apply (see corresponding sub-headings in the Discussion section, i.e., Trial design, Trial conduct, and Health system weaknesses for full discussion of limitations noted
in this table); RCT: randomized controlled trial; SOC: standard of care.

9See Discussion section under Trial design sub-heading for explanation.

®20% LTFU of culture-confirmed TB cases.

“Although LTFU before TB treatment was 16% among microbiologically confirmed TB patients, investigators ascertained vital status of nearly all study enrollees by study end.

dHigh incidence of LTFU (about 16% in both SOC and intervention phase).

€16.5% (70/424) of ART enrollees LTFU before 6 months.

f6.7% of study enrollees (32/477) LTFU before study end.

9Less than 4% were LTFU at 90 days.

MMissing data on 2nd line treatment initiation was very high both pre-Xpert (52.4%) and post-Xpert (31.0%). Based on available data, missing data on TB treatment initiation seems equivalent to LTFU before
second-line TB treatment initiation. Overall missing data (probable LTFU) before second-line TB treatment was 42% (267/634) among rifampicin resistant cases.

iStudy enrollees were offered HIV testing and counseling at study enrollment.

JData points are presented in Table 3.

9702 ‘6T PquieIdes Lo ARiq1T DaD B%dey L 'g Usydeis e /B.0'S[euInofpio xo yuwis//dny wouy pspeojumoq

52

2uaIbAH pup audIpaly 1p21doi] Jo A131D0S |DA0Y BY1 JO SUOIIDSUDI|


http://trstmh.oxfordjournals.org/

A. F. Auld et al.

(Table 4).%%3 For example, in the TB-NEAT study,’ of the 68% of
patients with smear-negative tuberculosis in the microscopy
arm, that were later correctly detected by Xpert, 93% were trea-
ted empirically anyway (Table 4). In these trials, an important
driver of empiric TB treatment in the microscopy compared with
the Xpert arms may have been that clinicians administering the
study were not blinded to the diagnostic used and were aware
of the study hypothesis. Therefore, in all study settings, clinicians
would have known firstly that there was a relatively high pre-
test probability of true TB among all patients enrolled, and sec-
ondly that the predictive value of a negative test was lower in
the microscopy arm than the Xpert arm, resulting in higher
empiric TB treatment in the microscopy arm.??

Study populations not exclusively focused on priority populations

Of the eight trials, six enrolled presumptive TB patients, one
HIV-positive adults starting ART and one patients with presump-
tive drug-resistant TB. In the six trials enrolling presumptive TB
patients, HIV prevalence ranged from 8% to 76% (Table 4). The
main advantage of Xpert over smear-microscopy in diagnosing
drug-sensitive TB is ability to diagnose culture-positive smear-
negative TB, which is more common among PLHIV, especially
PLHIV who are significantly immune-compromised,’*?> since
waning immunity is associated with reduced pulmonary immu-
nopathology?® with liberation of lower concentrations of bacilli
into the airways. Therefore, with smear microscopy sensitivity
higher among HIV-negative persons (+£69%) than among PLHIV
(+45%),” one would expect Xpert impact on TB diagnostic yield
and therefore morbidity and mortality to be higher among
exclusively HIV-positive study populations than study popula-
tions including HIV-negative persons.?

The only study to assess Xpert impact among exclusively
HIV-positive persons was by Mupfumi et al. in Zimbabwe. In this
study, other limitations (e.g., very high rates of empiric TB treat-
ment in both arms and small sample size [n=424]), might
explain lack of observed impact. The high rates of empiric TB
treatment observed in the Zimbabwe trial raise the issue that,
although Xpert should increase diagnostic yield of bacteriologic-
ally confirmed TB to a greater extent in HIV-positive than HIV-
negative populations, rates of empiric TB treatment are also
likely to be higher in HIV-positive than HIV-negative popula-
tions.?> Consequently, restriction of Xpert impact trials to exclu-
sively HIV-positive outpatient populations might not, by default,
increase probability of observing Xpert impact on mortality.”*

Only one pre-post trial from Indonesia enrolled patients con-
sidered at high risk of MDR TB.'® This trial showed remarkable
impact of Xpert in reducing median time to rifampicin resistant
TB diagnosis (from 75 to 1 day) and in median time to second-
line TB treatment (from 88 to 16 days). In addition, there was a
reduction in LTFU of rifampicin resistant TB patients before
second-line TB treatment initiation. Although there are limited
data on Xpert impact among patients at risk for MDR TB,?® the
reduction in time to diagnosis and appropriate treatment of
rifampicin resistant and MDR TB has potential to reduce trans-
mission and mortality from MDR TB and prevent emergence of
extensively drug-resistant TB.”*®?” However, patterns of empiric
initiation of second-line TB treatment among patients at risk of
MDR TB also need to be considered when evaluating Xpert

impact.”? It is perhaps surprising that only two of the eight trials
examined Xpert impact among exclusive priority populations for
Xpert rollout (i.e., HIV-positive patients at high risk for TB and
presumptive MDR TB patients).®

Most trials evaluated Xpert impact among outpatients

A recent meta-analysis of autopsy studies in resource-limited set-
tings showed that the majority of deaths among HIV-infected
inpatients that were due to TB (37%), involved disseminated TB
(>85%).* Although the autopsy meta-analysis among hospitalized
patients is not representative of all deaths among PLHIV, this find-
ing suggests that disseminated TB is a common precursor to
death among patients who die from TB.* Therefore, restricting trial
enrollees to healthier outpatients, who are unlikely to have disse-
minated TB, in six of eight trials (Table 4), through study exclusion
criteria,’ enrollment at outpatient primary healthcare clinics
(PHCs),*%*? or because study enrollment required sputum produc-
tion,?** might have excluded many patients likely to benefit from
early accurate TB diagnosis with Xpert. In these outpatient study
populations, the improvements in time to diagnosis and time to
TB treatment through earlier confirmation of bacteriologically-
confirmed TB with Xpert, might not have resulted in significant
improvements in patient morbidity or mortality outcomes.*?

In the two trials that did enroll presumptive TB patients
admitted to hospital (i.e., very ill patients),**> other study lim-
itations restrict ability to detect Xpert impact on patient out-
comes. For example, in the Uganda pre-post trial,** sample size
was small (n=477), empiric TB treatment was higher in the
microscopy phase, a higher proportion of enrollees in the Xpert
phase had >1 danger sign, Xpert sensitivity was surprisingly low
among smear-negative TB patients (42%), and patients who
died within three days of admission were excluded from ana-
lysis. In the South African study enrolling intensive care unit pre-
sumptive TB patients,*> only 30% of enrollees were HIV-positive,
and there were higher rates of empiric TB treatment in the
microscopy than Xpert arms.

It should also be noted that, compared with healthier outpa-
tients, sicker patients admitted to hospital with TB symptoms
have higher rates of empiric TB treatment.?®?® Therefore,
among sicker, hospitalized patients, empiric TB treatment might
again replace any benefit associated with Xpert’s improved diag-
nostic sensitivity.?* If future trials were to evaluate Xpert impact
on mortality among hospitalized HIV-positive patients, recent
data suggest that rapid Xpert testing for disseminated TB, espe-
cially Xpert testing of urine, in the intervention arm would be
important in addition to Xpert testing of sputum, which has
become standard of care in many settings.*?%%°

Either not powered to detect a morbidity or mortality outcome
or under-powered to detect these outcomes

Of the eight trials reviewed, only three had primary study aims
of assessing Xpert impact on morbidity or mortality outcomes
(Table 4).>1%1% TB-NEAT aimed to assess Xpert impact on 2- and
6-month morbidity scores among culture-positive patients who
started TB treatment.? As described above, the higher incidence
of empiric TB treatment in the microcopy arm probably explains
lack of observed impact of Xpert on morbidity.”®> However,
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another possible explanation is that, among relatively healthy
outpatients with presumptive TB, a very large sample size would
be needed to detect differences in morbidity scores at 2 and 6
months of TB treatment, raising the possibility, in retrospect,
that the study may have been under-powered.

The XTEND trial aimed to detect a 50% reduction in 6-month
mortality in the Xpert compared with the microscopy arms, based
on preliminary data from a pilot study at two PHCs showing a
potential 74% reduction in mortality."® However, a recent meta-
analysis of autopsy-confirmed causes of death among PLHIV
suggests that among hospitalized PLHIV, about two-fifths (37%)
of deaths were due to TB, and in nearly half of TB deaths (one-
fifth of all deaths), TB was undiagnosed antemortem. Although
the study population in the autopsy meta-analysis is different to
the XTEND study population, the autopsy meta-analysis suggests
that a more accurate and rapid TB diagnostic like Xpert, through
early, accurate TB diagnosis and subsequent treatment antemor-
tem, might avert about one-fifth (20%) of deaths among persons
with advanced HIV. Among mixed HIV-positive and negative
populations Xpert impact might be lower. More recent trials of TB
diagnostics have assumed 20% reductions in mortality for power
calculations.®® Therefore, XTEND may have over-estimated Xpert
impact mortality in the study population.

In power calculations for the randomized trial from
Zimbabwe,'* investigators assumed a 67% reduction in mortal-
ity and a 58% reduction in TB incidence giving an overall 61%
reduction in mortality or TB in the first six months of ART. Again,
the autopsy meta-analysis suggests the study may have over-
estimated Xpert impact on all-cause mortality in power
calculations.”

Trial conduct

All trials were conducted in a programmatic setting where LTFU
of enrollees is a problem; however, in five of eight trials
LTFU restricted ability to fully interpret key outcomes (Table 4).
LTFU among study enrollees can result in non-differential or dif-
ferential outcome ascertainment error between arms. Non-
differential error in outcome ascertainment between arms can
result in reduced power to detect true differences in morbidity
and mortality, while differential outcome misclassification
between arms can bias study outcomes. It is possible, as was
done for the XTEND trial, to monitor and report LTFU in both
arms, and then through subsequent tracing activities ascertain
final vital status. Such tracing activities help to reduce impact of
LTFU on ability to interpret study outcomes.*!

Health system weaknesses

In all the trials reviewed, certain health system weaknesses
probably blunted ability to detect Xpert impact on patient out-
comes (Table 4). Common health system weaknesses included
high prevalence of unknown HIV status at enrollment in four of
five trials reporting this variable (>15%),'°'%'°> and low ART
coverage among known HIV-positive persons in all three trials
reporting this variable (26-31%).”'%'°> Notably, sub-optimal HIV
management (i.e., unknown HIV status, HIV-positive and not on
ART, or HIV-positive with unknown ART status) was predictive of

poor final outcomes in four trials.>*®*>?! Recent data show
that all PLHIV regardless of CD4 count or disease stage should
start ART to reduce mortality risk.>? Therefore, in an HIV-positive
person not on ART, earlier TB diagnosis and TB treatment
through Xpert rather than microscopy may carry lower health
benefit.?*

Another health system-related weakness was high LTFU
before TB treatment in three trials®'**® and high LTFU following
TB treatment initiation in four trials.>!%!3?! LTFU of patients
before they can fully benefit from TB treatment indicated by an
accurate TB diagnosis diminishes Xpert impact. In XTEND, sec-
ondary analysis of trial data showed low compliance with clin-
ical care algorithms following a negative Xpert or microcopy test
(i.e., low adherence to a care plan including chest x-ray, sputum
culture, or hospital referral within 2 weeks of a negative test).>?
Improving compliance with the algorithm following a negative
Xpert test might increase impact of the whole Xpert algorithm
on mortality.” Operational research to identify health system
strengthening interventions that should be implemented in con-
junction with Xpert rollout to maximize Xpert impact could
inform best practices for Xpert scale-up.*°

Conclusions

In conclusion, despite improvements in diagnostic yield among
patients who can produce sputa, reductions in time to diagno-
sis, and reductions in time to TB treatment in Xpert compared
with microscopy arms in most trials, Xpert was not shown to
impact the all-important patient outcomes of interest (patient
morbidity or mortality). Trial characteristics related to trial
design, trial conduct, and health system weaknesses might
explain lack of observed impact. The higher rates of empiric TB
treatment in microcopy compared with Xpert arms was a key
feature in most trials that contributed to lack of observed Xpert
impact on mortality. This suggests empiric TB treatment
remains an important strategy for clinicians, especially where
Xpert is not available. So far as equipoise exists, future trials of
Xpert impact, that take into account past trial limitations, would
be helpful to inform Xpert use in resource-limited settings.
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2.3. Literature review of screening approaches to inform intensification of early ART

care

2.3.1. Introduction: WHO criteria vs. risk score approaches

Although resource-rich countries in North America and Europe have used regression-
derived and externally validated risk scores to help define mortality risk and therefore
need for ART intensification among PLHIV,81%° WHO has not yet recommended or used
this approach to inform eligibility for early ART care intensification packages for LMIC.23
During the 2016 WHO guideline development process for early ART care intensification
packages for LMIC, the focus was first on defining “advanced HIV disease” through a
literature review and Delphi process,'°! and secondly on using this advanced HIV disease

definition as the eligibility criterion for accessing an advanced disease package of care.®3

To define advanced HIV disease, the WHO guideline development committee used a two-
stage process. Firstly, a systematic review was conducted to summarize published
definitions of advanced HIV disease. This review revealed a wide range of definitions of
advanced HIV disease, with CD4 cell count cut-offs ranging from <50 cells/uL to <350
cells/uL, and a wide range of disease staging classifications (e.g., WHO stage definitions vs.
CDC stage definitions) and staging cut-offs used.®3 Notably, 11 of the 12 studies included
in the systematic review were from resource-rich countries.®3 After the systematic review,
three rounds of questionnaires were sent to 73 expert respondents in 28 countries.
Notably, the response rate and percentage of the respondents who agreed with the final
WHO-recommended definition of advanced HIV disease is not presented in the
publication, although this percentage should ideally be reported when reporting Delphi

consensus studies.83:101

Using the advanced HIV disease definition as an eligibility criterion for accessing the

advanced disease package of care in LMIC has a number of limitations including: (1) WHO
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stage and CD4 count are not the only determinants of early ART mortality, (2) the
screening accuracy characteristics (e.g., sensitivity and specificity) of the WHO advanced
disease eligibility criteria in terms of predicting early ART mortality have not been
systematically assessed, although both advanced WHO stage and low CD4 count are
known to be strong predictors of early mortality, and (3) rapid CD4 count testing is not
available in most LMIC clinic settings, with some clinics choosing to prioritise spending of
limited resources on other tests (e.g., HIV viral load testing during ART follow-up) rather
than CD4 testing before ART initiation.1%? A regression-based risk score development

approach to developing practical clinical scores could address all three limitations.100,103-105

This section contains a literature review of published regression-based risk scores for
PLHIV mortality, assesses the strengths and weaknesses of the published studies, and
discusses the need for externally validated mortality risk scores for PLHIV accessing ART in

sub-Saharan Africa and in LMIC in general.

2.3.2. Methods: literature search strategy

Search strategy

MEDLINE®, EMBASE, and the Cochrane library were searched over the time period
January 1, 2005, to May 31, 2020 for reports published in English with the terms “HIV” or
“AIDS” or “acquired immune deficiency syndrome”, and “antiretroviral therapy” or
“treatment”, and “mortality” or “death”, and “risk score” or “clinical score”, and “predict”.
This literature search was not conducted as a formal systematic review according to
published Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA)
guidelines, which for example, recommend a protocol and multiple reviewers examining

and abstracting data.%®
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Study selection

Studies that met the following criteria were included: (1) the study population
represented adult or adolescent PLHIV >12 years old, and (2) all-cause mortality was the
primary outcome of interest or part of a composite primary outcome, and (3) the risk
score was developed using a statistical approach (e.g., regression-based or machine-
learning approach) rather than other more subjective approaches (e.g., based on author

opinion on which variables to include in the score).107-109

2.3.3. Results

Characteristics of studies included

From a total of 316 published studies that met search criteria, a total of four regression-
based risk score development studies were identified for inclusion based on the study
inclusion criteria (Table 2.5.).8587.10 Two studies describe the Veterans Aging Cohort
Study (VACS) score development. The VACS score was initially published in 2013 and
updated in 2019 (VACS 2.0).%> Both VACS and VACS 2.0 were derived in the U.S.-based
VACS cohort. VACS was validated in six and VACS 2.0 in nine appended cohorts from the
ART Cohort Collaboration (ART-CC) representing PLHIV in care in North America and
Europe (Table 2.5.). One study reports the development of the EuroSIDA score, which was
developed in the EuroSIDA collaboration of 94 health centres in 31 resource-rich
countries, and validated in the Swiss HIV Cohort Study.®® The only PLHIV mortality risk
score developed for adults or adolescents in a LMIC, was developed in Haiti from

attendees in six clinics, with validation among attendees in a single clinic also in Haiti.%’
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Table 2.5. Summary of mortality prediction risk score studies among PLHIV — 2005-2020

Country/Region Calendar Study Population Sample Size
time
Name of period of
'Papers screening Derivation N ART N N Derivation N
included tool Validation cohort Derivation Validation Validation
. . Cohort . Cohort
in Review (either
testing or
validation)
e Veterans Affairs Aging Cohort (VACS) e Six combined cohorts of ART-CC
represents HIV-positive U.S. Veterans. were appended.
e To be eligible for cohort inclusion, required Eligible cohorts needed to have
at least one year of ART completed plus laboratory values of interest and
complete covariates. report at least 25 deaths in patients
e Among 13,582 men initiating ART in VACS who met the following criteria: HIV-
between 2000 and 2007, 7823 had a CD4 positive, ART-naive, >=18 years old,
cell count at ART initiation as well as HIV-1 enrolled 2000-2007.
ART Cohort viral load >500 copies/ml in the 3 months Of 5127 ART-CC patients meeting
United Collaboration prior to ART initiation. Amor?g these 7,823, inclusion criteria 3,747 (73%) had
Tate fotoal, VACS States - (ART-CC) 2000-2007 6,324 (81%) had complete.blo.marke.r f:o.nj\pllete mea§urements at ART 4,932 3,146
2013 VACS (North measurements for regression inclusion. At 1 initiation, varying from 61 to 92% by
America and year, complete measurements were cohort. At 1 year, complete
Europe)* available for 4,932 (85%) of 5794 VACS measurements were available for

patients who were alive and not lost to
follow-up.
e Among patients included:
o 100% of VACS patients were men.
46% were older than 50.
69% had a CD4 >200.
32% were Hep C co-infected.
45% self-identified as black.

O O O O

3,146 (92%) of 3,434 patients alive
and not lost to follow-up.

e Among patients included:

72% were men.

15% were older than 50.
84% had a CD4>200.

12% were Hep C co-infected.
19% self-identified as black.

O O O O ©
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e Veterans Affairs Aging Cohort (VACS)

represents aging HIV-positive U.S. Veterans.

e To be eligible for cohort inclusion: patients
were 218 years old, initiated ART between
1996 and 2014, and had a visit between
2000 and 2014. Excluded 2782 individuals
who had negative HCV RNA (at any time

e Nine combined cohorts of ART-CC

were appended (named: A-l for
anonymity).

To be eligible for cohort inclusion:
the cohort needed to have
laboratory values of interest and
report at least 40 deaths in patients.

. écljl.ll-acbc:)r:gtr;n during study period) after previously having From eligible cohorts, the proportion
Tate et al, United (ART-CC) detectable HCV RNA. >1 year of ART of visit dates with complete
201955 VACS 2.0  States - (North 2000-2014 completed. Any post 1-year visit with information varied between 5 and 28,390 12,109
VACS . complete data eligible as starting point of 82%. Unclear if any patients
America and L -
follow-up. 75% of visits had complete excluded from eligible cohorts.
Europe)* .
covariate data.
e Among patients included: e Among patients included:
o 98% were male. o 74% were male.
o Median age was 53. o Median age was 43.
o Median CD4 was 435. o Median CD4 was 500.
o Median time on ART at randomly o Median time on ART was 4.2
selected visit was 4.2 years. years.
e EuroSIDA is a cohort of >14,000 patients e The Swiss HIV Cohort study is a
with HIV-1 infection in 94 centres from 31 prospective population-based cohort
countries in Europe, Israel and Argentina. in Switzerland.
e Of 14 274 patients within EuroSIDA: 9049
started ART; 5402 had a CD4 cell count and Eligible to participate if: HIV-positive,
viral load measured 6 months prior to aged >16 years. No other data on
starting ART; 5302 had the potential to study inclusion data provided.
Mocroft et EuroSIDA . Swiss HIV calculate the CD4 cell slope prior to starting Current demographic data provided
al, 2007%¢  risk-score Eurosida™ Cohort Study 1997-2007 ART; and 4169 had haemoglobin and BMI here: http://www.shcs.ch/ 4,169 >150

measured during follow-up.
e Among patients included:
o 75% Male.
Median age 38.
36% ART-naive.
Median CD4 230.
14% non-white.

O O O O

Among participants included:
o 70% male.

Median age 37.

61% ART-naive.

Median CD4 209.

o
o
o
o 23% non-white (in 2018)

61



McNairy e i, Haiti - 1 clinic
etal, :';':'emk 3‘215 6 (enrolled 2007-2013
2018% during 2012)

e Derivation cohort: adults ages 15 to 70
years starting ART at 6 non-randomly
selected health facilities in Haiti between
2007 and 2013. ART initiation
was based on WHO guidelines at the
time.t

e Patients with documented pregnancy at
time of ART initiation were excluded.
Multiple imputation was used to account
for missing covariate and outcome data.

e Among patients included:

o 63% female.
o Median age 36.
o Median CD4 was 248.

e Validation cohort: All adults age 15

to 70 years starting ART in 2012 at
one non-randomly selected facility.
ART initiation was based on WHO
guidelines.t

Patients with documented
pregnancy at time of ART initiation
were excluded. Multiple imputation
was used to account for missing
covariate and outcome data.
Among patients included:

o 60% Female.

o Median age 37

o Median CD4 was 259

7,031

1,835

Abbreviations: VACS, Veterans Aging Cohort Study; HCV, Hepatitis C; ART, antiretroviral therapy; Hep B, Hepatitis B, BMI, Body Mass Index

*the AIDS Therapy Evaluation Project Netherlands (ATHENA); Cologne-Bonn Cohort, Germany; Royal Free Hospital Cohort, London United Kingdom; Swiss HIV Cohort

Study; Vanderbilt-Meharry Center for AIDS Research Cohort; and the University of Washington HIV Cohort, Seattle, USA]

**94 health centres across 31 resource rich countries

TWHO Stage IV or CD4 count <200 cells/uL (for years 2007+2009), and WHO stage Il or IV or CD4 count <350 cells/uL (for years 2009+2013).
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Study populations

The study populations included in the VACS, VACS 2.0, and EuroSIDA risk score
development and validation approaches were different to the population included in the
Haiti score. The majority of VACS, ART-CC, and EuroSIDA study enrolees were male (70-
100%) and many were Caucasian (26%-86%), whereas in Haiti only 37-40% were male and
<3% were Caucasian. Notably both the VACS and VACS 2.0 scores were derived from
PLHIV who had completed 1 year of ART. EuroSIDA included observation time before ART.
Only the Haiti score was derived using covariates present at ART initiation. Median CD4
count for participants included in the VACS score derivation was 307/uL, VACS 2.0
derivation was 435/puL, EuroSIDA derivation was 230/uL, and Haiti score derivation was
259/uL. In North American and European cohorts, Hepatitis C co-infection was an
important comorbidity with prevalence ranging from 18-32%. Hepatitis C co-infection

rates are not reported in the Haiti analysis.

Covariate data completeness

In VACS development only 4,932 (36%) of 13,582 potentially eligible cohort enrolees were
included in the final regression due to either LTFU or death during the first year of ART or
missing covariate data. In development of VACS 2.0, the starting point for ART
observation for each ART patient was a randomly selected visit with complete covariate
data with about 75% of visits having complete data. Overall, 28,390 individuals were
included in VACS 2.0 development. In EuroSIDA risk score development, only 4,169 (29%)
of 14,262 potentially eligible patients were included in the derivation dataset regression
model due to missing covariate data. In the Haiti risk score development, 35
bootstrapped imputations were used to achieve complete covariate data based on the
rule of thumb of one imputation for every percentage point of missing values for the
variable with the most missing values. This implies >35% of observations would have

been excluded from the regression if a complete case analysis was used.
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Outcome and outcome completeness

In VACS and VACS 2.0, mortality ascertainment is reported as excellent based on a well-
functioning national mortality register. The outcome of the EuroSIDA risk score was AIDS
or death but the mechanism of death ascertainment was not described in the EuroSIDA
publication. In Haiti, in the derivation cohort, 21.6% had missing vital status at 1 year; the
death outcome was reported to the clinic passively by friends or family. In the validation
clinic, 45.3% of patients at 1 year had missing vital status. The authors reported that
missing vital status was imputed in both derivation and validation datasets because vital

status was not missing completely at random.

Covariates included in the final scores

The initial VACS analysis developed a restricted and final VACS score (Table 2.6). The
restricted score included only age, CD4 count, and viral load. The full VACS score included
11 variables to create 7 score components: age, CD4, HIV viral load, haemoglobin
concentration, FIB-4 (a four-variable composite score of hepatic function requiring age,
AST, ALT, and platelet concentration), the estimated Glomerular Filtration Rate (eGFR) (a
four-variable score requiring creatinine, ethnicity, age, and gender), hepatitis C co-
infection for maximum potential scores of 115 or 164 for the restricted and full VACS
scores, respectively. The VACS 2.0 included four additional variables for a total of 15
variables and 10 score components by adding albumin concentration, white blood cell
count (WBC), and body mass index (BMI) (height/weight?) to the score. In addition, VACS
2.0 maintained all the originally continuous variables in a continuous linear form or
transformed form appropriate for the non-linear relationship with the outcome. The
EuroSIDA score included 10 variables for nine score components: age, prior CDC-defined
AIDS diagnosis, CD4 count, CD4 slope, anaemia category, BMI, prior ART use, whether
currently taking ART, and Injection Drug Use (IDU) history for a total possible score of
6.43. The Haiti score included five variables and score components: sex, WHO stage, CD4

count, current TB co-infection, and weight with a total score of 9.
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Table 2.6. Comparison of published risk scores for mortality among PLHIV

Tate et al, 2013 Tate et al, 2019 Mocroft et al McNairy et al
Restrictedt VACS VACS 2.0 EuroSIDA Haiti
scores scores scores scores scores
Time period Randomly
that Variables closest to 1 year of - : . Variables at ART
. selected clinic Time updated variables .
covariates completed ART .. initiation
visit >1 year ART
represent
Sex Female 0
Male 1
Age (years) <50 0 0 Continuous (age 0.027/year
50-64 23 12 30-75 years =
>65 44 27 32-59 points
Prior Diagnoses of AIDS No O WHOst.1-3 0
Yes** 0.19 WHO st.4 2
>500 0 0
350-499 10 6 . >=350 0 >250 O
CD4 200-349 10 6 ng(t)'::lcl’;ml?' 201-350 0.62
(cells/ul) ;8?9;99 1113 ;g 55-32 points) 51-200 1.46 1215(5)8 ;
<50 46 29 <=50 2.44 <=50 3
CD4 slope at time point of interest <-25 0.49
-25to+25 O
>25 0.18
<500 0 0 Continuous (1.3-
HIV-1 RNA 500- 11 7 5.0 log
(copes/ml) 100,000 copies/ml = 37-
>100,000 25 14 55 points)
>14 0 No anaemia 0
Haemoglobin 12-13.9 10 Continuous (9- Mild 0.68
(g/dL) 10-11.9 22 16 g/dL = 58-42 Severe 1.02
<10 38 points)
<1.45 0
% 1.45- Continuous (0.5-
FIB-4 3.25 6 7.5=41-61
>3.25 25 points)
>60 0 Continuous (0-
eGFR 45-59.9 6 100 =53-44
(ml/min)* 30-44.9 8 points; 120-180
<30 26 = 46-60 points)
Hepatitis C co-infection
(current) 5 51 if yes
Active TB No O
disease Yes 2
Continuous (2-
Albumin 5g/dL = 65-39
points)
White Blood Continuous (2.5-
Cell Count 11 =43-55
(k/ml) points)
Continuous (15- <18 0.8
BMI 35=62-41 18.1-25 0
points) >25  minus 0.29
<50 3
Weight 50-60 1
>60 O
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ART-

experienced Yes 0
No minus0.39
Taking ART Any O
None 1.24
Route of presumed HIV Acquisition Any echcE)pJ 0
IDU 0.25
Theoretical maximum 115 164 6.43 9

score

Abbreviations: eGFR, estimated glomerular filtration rate; VACS, Veterans Aging Cohort Study; BMI, body
mass index; ART, antiretroviral therapy; TB, tuberculosis; AIDS, Acquired Immune Deficiency Syndrome.
*FIB-4: (years of age * AST)/(platelets in 109/ * square root of ALT); eGFR: 186.3 *(serum creatinine A-
1.154) * (age”-0.203) * (0.742 for women) * (1.21 if black).

**CDC criteria from 1993 MMWR (Center for Disease Control. 1993 revised classification system)

tThe restricted score was a shorter version of the full VACS score generated to assess improved feasibility of
a less complex score

AUROC curve values for final risk score

The area under the receiver operating characteristic (AUROC) curve values for the
restricted VACS, full VACS score, VACS 2.0, and Haiti scores in the validation datasets were
0.78, 0.82, 0.83, and 0.69, indicating acceptable (0.7-0.79), good (0.8-0.89), or poor (<0.7)
discrimination respectively (Table 2.7). The EuroSIDA analysis did not provide AUROC

values. Specific cut-offs for early ART care intensification, and associated sensitivity,

specificity, NPV, and PPV were not suggested.

Table 2.7. Discrimination of risk score in derivation and validation datasets

Tate et al, 2013 Tate etal, Mocroft et al McNairy et
2019 al
Restricted VACS VACS 2.0 EuroSIDA Haiti
Number of primary outcomes
Derivation 656 656 7,293 658* 242t
Validation 86 86 722 897** 50t
AUROC
Derivation 0.72 0.78 0.805 Not provided 0.73
Validation 0.78 0.82 0.831 Not provided 0.69

Abbreviations: AUROC, Area under the receiver operating characteristic

*388 of the events were new AIDS defining illnesses (59.0%) and 270 patients (41.0%) died

**Ppatients progressed to a new AIDS-defining illness or death (17.4%), of which 494 were new AIDS-defining
events (55.1%)

TPrior to imputation

66



2.3.4. Discussion

Based on this literature review, no externally validated risk scores for early ART mortality
in LMIC have been published. The only internally validated score developed was from
Haiti. No regression-based risk scores have been developed for sub-Saharan Africa, the
region of the world with the highest early ART mortality and largest annual number of

HIV-related deaths.8

Lack of mortality risk scores for LMIC, including sub-Saharan Africa

The seven-clinic study from Haiti is the only LMIC regression-based study published to
date reporting early ART mortality score development and internal validation among
PLHIV.8” However, the Haiti study has several limitations including: (1) the score has not
been validated widely within Haiti (1 clinic) or outside Haiti, (2) the score was developed
using a routine electronic medical record (EMR) system with significant missing covariate
data (>35%), and (3) the primary outcome of early mortality on ART was not well-
ascertained and is therefore falsely low (due to unascertained mortality among PLHIV
LTFU), introducing outcome ascertainment error, with 1-year vital status in the derivation

and validation datasets missing in 21.6% and 45.3%, respectively.?’

In addition, the authors used multiple imputation to address missing covariate and
outcome data, which introduces at least non-differential measurement and outcome
ascertainment error. Because the authors did not describe the patterns of missing data, it
is challenging to understand why the missing at random assumption was considered
reasonable. Multiple imputation is only acceptable if the missing at random or missing
completely at random assumptions hold. If data were missing not at random (i.e., the
propensity for data to be missing were related to the value of the data points that were
missing), multiple imputation could have led to differential measurement error (i.e.,

biased or falsely imputed results).''® Therefore, for example, if low CD4 counts were more
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likely to be missing than high CD4 counts the missing at random assumption would not

hold and multiple imputation would be inappropriate.'1°

One small study in which a non-regression-based clinical score was piloted in 2 clinics in
Zimbabwe between 2008 and 2010 is not summarized in detail here because it does
not meet inclusion criteria, deviates from standard risk score development approaches,°”-
109 and was not used again either within Zimbabwe or outside to our knowledge.*! In this
analysis, authors implemented a literature review to obtain adjusted hazard ratios for
author-selected risk factors for mortality during ART, and then used the median adjusted

hazard ratio across studies identified as the clinical score; however, neither the literature

review methodology nor the rationale for this approach is clearly presented.!*!

Limitations of clinical scores generated for resource-rich settings

The VACS, VACS 2.0, and EuroSIDA scores have a number of strengths including: (1)
development using a regression-based approach, (2) wide external validation in cohorts
from resource-rich settings outside the cohorts in which they were developed, (3) well-
described methodology, (4) large sample size, and (5) in the case of the VACS scores,
accurate mortality ascertainment. However, both scores also have several limitations.
Firstly, the scores were generated for cohorts with demographic and clinical
characteristics that are currently markedly different from all or almost all LMIC settings,
with participants tending to be older, male, self-identify as white, live in resource-rich
settings, and have additional comorbidities such as hepatitis C co-infection. Such
characteristics are different to the majority of ART enrolees in LMIC who are almost
exclusively non-white, more likely to be female, live in resource-poor settings, and have
different comorbidities (e.g., are more likely overall to have TB disease instead of Hepatitis
C co-infection). While the VACS score has been validated in multiple resource-rich cohorts
such as ART-CC,%>1% 3 younger, healthier population of PLHIV enrolled in the U.S. Military
HIV Natural History Study (NHS),1% female, multi-race/ethnic ART-experienced PLHIV in
2005,%2 3 population of PLHIV living with multi-drug resistant HIV in the U.S.,1*3 VACS has
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not been validated as a predictor of mortality outside resource-rich settings like the U.S.
and Europe. A Kenyan study did report that VACS was correlated with biomarkers of
inflammation among hospitalized PLHIV in Kenya, however, there was no attempt to

validate VACS as a predictor of mortality in this setting.1*

Other limitations of VACS, VACS 2.0, and EuroSIDA include: (1) none of these scores is
focused on the time period after ART initiation or re-initiation, with VACS score
development starting after 1 year of ART and EuroSIDA including the pre-ART time period;
(2) the large percentage of potentially eligible PLHIV that were dropped from the
derivation regression (>50%) due to either death or LTFU in the first year of ART (VACS), or
missing covariate data (VACS and EuroSIDA); (3) the outcome of the EuroSIDA score was a
combination score of both death or AIDS (CDC 1993 definition), and (4) complexity of the
score, with VACS, VACS 2.0, and EuroSIDA requiring 210 variables, including some
complicated joint scores (e.g., FIB-4 and eGFR), in the case of VACS 2.0, use of continuous
variables, and in the case of EuroSIDA, use of scores with decimal points. The complexity
of these scores would require an online calculator or built-in electronic medical record

algorithm that is not yet widely available in LMIC.8>86,100

Proof of concept

Despite the limitations of VACS, VACS 2.0, EuroSIDA, and Haiti scores, these scores do
raise the important point that mortality risk is not determined solely by a limited number
of HIV biomarkers (such as CD4 count and WHO stage).841% |n the VACS score the
demographic variable of older age, and in the Haiti score, the demographic variable of
male gender, carry important additional risk information for the clinician managing the
patient. As McNairy et al note, many clinicians in LMIC know that male gender and other
non-HIV-specific biomarkers like anaemia are important predictors of death and
morbidity, but importantly are not prompted by existing HIV care algorithms to use this
information to intervene.®* Per WHO guidelines, the focus remains on WHO stage and

CD4 count, with CD4 count still not widely available in LMIC, although less expensive and
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easier to use lateral flow assays are in development.** As the WHO guidelines and
published reports suggest, up to 50% of those with a CD4 count <100 cells/uL could be
classified as having WHO stage | or Il and therefore missed by an advanced HIV disease

eligibility guideline relying on WHO stage alone.%*>3

2.3.5. Conclusion

In summary, these data and prior proof-of-concept mortality risk scores suggest that
either through absent CD4 testing, or through lack of clinical scores that incorporate
wholistic risk factors for on-ART mortality in sub-Saharan Africa, such as male gender and
haemoglobin concentration, clinicians are likely missing a substantial percentage of clients
requiring intensification of early ART care. Therefore, a clinical scoring system suitable for
sub-Saharan Africa that: (1) takes into account both HIV and non-HIV-specific risk factors
for mortality, allowing a more precise approach to early ART care, (2) is feasible and easy
to use in settings that both have or lack CD4 testing capacity, and (3) has similar or
superior screening accuracy (i.e., sensitivity, specificity) in predicting early mortality on
ART compared with current WHO advanced HIV disease eligibility guidelines, is needed to

facilitate provision of effective interventions to clients who need intensified care.?*
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2.4. Literature review of TB screening approaches for HIV-positive people

2.4.1. Introduction: WHO four-symptom TB screen vs. clinical score approach

WHO currently recommends a four-symptom TB screening rule (i.e., for cough, weight
loss, night sweats or fever) to determine which PLHIV need investigation for active TB and
which are eligible for immediate TB preventive therapy (TPT).28 The WHO four-symptom
TB screening rule is recommended for LMIC regardless of expected prevalence of active
TB, setting (e.g., high or low TB burden settings), or ART status (ART-naive or ART-
experienced).®® This introductory section describes briefly the development process for
the WHO four-symptom TB screening rule and its strengths and limitations. Subsequently,
a literature review of alternative approaches to TB screening among PLHIV using clinical

scores is provided to summarize existing literature and assess gaps in needed research.

WHO four-symptom screening rule

WHO has recommended the four-symptoms TB screening rule since 2011 following the
individual patient data meta-analysis by Getahun et al, which included studies published
up to and including 2008. A new meta-analysis of studies examining screening accuracy of
the four-symptom rule was conducted by Hamada et al in 2018 including published
studies during January 1, 2011 and March 12, 2018. Both meta-analyses also assessed the
added value of chest radiography (CXR) in terms of TB symptom screening rule accuracy.
The study designs of the meta-analyses and key findings are shown in tables 2.8 and 2.9

below.
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Table 2.8. Comparison of WHO TB symptom screening rule meta-analyses from 2011 and

2018
Getahun et al, 2011 Hamada et al, 2018
- Anindividual patient data meta- - A meta-analysis of published
analysis summary data
To find the screening rule with the highest .
. e . To assess screening accuracy of the
possible sensitivity and lowest possible WHO four-svmptom TB screen by ART
Study aim negative likelihood ratio for ruling out TB yme y

disease (without any predetermined cut-off
points).

status and effect of adding CXR on
screening accuracy.

Eligibility criteria for
inclusion

(1) collected sputum specimens from PLHIV
regardless of signs or symptoms; (2) used
mycobacterial culture of at least one specimen
to diagnose TB; and (3) collected data about
signs and symptoms.

(1) collected sputum or any specimens
(e.g., urine, blood, or fine-needle
aspirates from lymph nodes) from PLHIV
regardless of signs or symptoms; (2)
excluded case-control studies

Calendar time

2000-2008 Jan 1, 2011 through March 12, 2018
represented
Number of studies 2119 screened, 53 full text reviewed, 14 met 4615 screened, 195 reviewed for
considered inclusion criteria (6 published, 8 unpublished) eligibility, 21 included in review

Numbers of studies
included

12 included in final meta-analysis

18 studies in final meta-analysis (7 with
disaggregated ART status; 11 were
among PLHIV not on ART)

Number of
candidate variables

159 (159 different symptoms were included in
at least 2 of 12 studies)

Only the 4 WHO-recommended
symptoms were examined.

Variables/symptoms
considered in meta-
analysis

5 symptoms: current cough, haemoptysis,
fever, night sweats, and weight loss.

Only the 4 WHO-recommended
symptoms

Primary outcome
definition

TB patient: any PLHIV with >=one sputum
specimen culture positive for MTB. No TB:
sputum cultures were negative for MTB and
participants were judged not to have TB in
original study. Excluded from the analysis: (1)
patients receiving ATT or TPT at enrolment; (2)
patients AFB smear positive, but culture grew
nontuberculous mycobacteria; and (3) patients
AFB smear positive or scanty, but sputum
culture negative.

TB patient: Active TB was defined as
tuberculosis diagnosed with
bacteriological confirmation by use of
culture or Xpert MTB/RIF of any
specimens.

Type of populations

2 studies: SA gold miners; 5 studies:
community TB prevalence survey; 5 studies
clinic population (3 were among pre-screened
PLHIV).

20 studies in clinic settings; 1 in prisons;
none in community; none in miners*

TB case finding
approach

3 studies exclusively used liquid media to
culture specimens, two studies used both solid
and liquid media, and seven studies exclusively
used solid media.

All studies collected sputum specimens.
Four studies collected additional
specimens: fine-needle aspirates from
individuals with enlarged peripheral
lymph nodes; non-respiratory samples
(e.g., ascitic, cerebrospinal and pleural
fluid, blood, stool, fine-needle aspirate,
and bone marrow) as clinically indicated;
and blood from all participants. 16 of
the included studies used culture alone,
and the other studies used both culture
and Xpert MTB/RIF.
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Chest radiography

Data from 4 studies used to assess effect on
accuracy

Data from 12 studies used to assess
effect on accuracy

Countries
represented

Zambia, Zimbabwe (2 studies), Cambodia (3
studies), Thailand, Vietnam, South Africa (5
studies), Ethiopia,

Malaysia, South Africa (10 studies),
Ethiopia, Ghana, Swaziland, Zambia,
Kenya, Cameroon, Vietnam, Uganda.

Analytic approach

1-of-n rules: 23 candidate rules identified. M-
of-n not considered because sensitivity was
key feature prioritized.

Main aim was to assess the performance
of the 4-symptom screen, not to assess
candidate variables

Statistics

Bivariate random-effects meta-analysis
(BREMA) and the hierarchical summary
relative operating characteristic (HSROC)
curve.

When at least four studies were
available, bivariate random-effects
models were used to estimate both
pooled sensitivity and specificity
together. If <4 studies were available,
meta-analyses using univariate random-
effects logistic-regression models were
used separately for sensitivity and
specificity.

Stratified analyses

To examine how (1) setting, and (2) individual
factors affect screening accuracy. The study
examined variations in accuracy parameters
and used odds ratios to compare relative
likelihood of true positives and true negatives
between groups.

To examine variation in accuracy by ART
status and pregnancy status. 10 studies
included people on ART (range: 0.14%-
92.3%); 7 gave results stratified by ART
status. 11 studies - no ART enrolees.

Number needed to
screen (NNS)

Evaluated NNS in hypothetical populations
with varying TB prevalence rates of size 1000.

Not provided.

Complete case analysis. About 15%

Complete case analysis. >30% who
underwent symptom screening were

Missing data observations missing covariate data. excluded because of their inability to
produce sputum or missing values.
Median age 34 (27-41). Overall median CD4 Median CD4 was 272 cells per pL (IQR
Overall among 9,626 PLHIV was 248 (IQR: 107-409). 202-337) in 21 studies included in the

characteristics of
patients included

Among 8,148 PLHIV included in meta-analysis,
median CD4 was 94 (IQR 33-215) in those with
TB vs. 229 (IQR 94-391) in those with no TB.

review. Median CD4 across 18 studies
included in the meta-analysis not
provided.

Sample size (n)

8,148 PLHIV of 10,057 total PLHIV, taken from
9 of 12 studies had outcome and 5 symptoms
of interest.

15,427 PLHIV in 18 studies included in
the final meta-analysis.

Prevalence of TB

557 (5.8%) of 9,626 PLHIV

1559 (10.1%) of 15,427

Abbreviations: PLHIV, people living with HIV; ART, antiretroviral therapy; TB, tuberculosis; ATT, anti-tuberculosis
treatment; TPT, TB preventive therapy; AFB, acid-fast bacilli; CXR, chest radiography; WHO, world health
organisation; NNS, number needed to screen to detect one TB case; IQR, inter-quartile range; MTB,
Mycobacterium tuberculosis
*One study was considered to be at high risk of selection bias because it had included only people with HIV who
required acute admission to hospital. Seven studies were considered to be of high concern for applicability, three
of which included only pregnant or lactating women, one of which included only patients admitted to hospital,
and three of which included only participants with low CD4 cell counts or those with advanced HIV clinical disease
(WHO stage 3 or 4). Three studies were considered to be at risk of bias either because types of specimens
obtained for tuberculosis diagnosis differed between patients, or because a substantial proportion of participants
who underwent symptom screening were excluded because of their inability to produce sputum or had missing
values, or because Xpert MTB/RIF was initially used only for selected participants with a high risk of developing TB.
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Notably, the Getahun meta-analysis was designed to first derive the four-symptom
screening rule and then assess the screening rule accuracy with and without chest
radiograph in a variety of settings, whereas the key purpose of the Hamada meta-analysis
was to assess the screening accuracy of the four-symptom screening rule and changes if
CXR is added to the screening algorithm. Both studies are well-described with large
sample sizes and wide representation from LMIC. However, two weaknesses of the
Getahun analysis are that: (1) the TB outcome was dependent on a sputum culture and
this relies on (a) ability to produce sputum, and (b) the assumption that the screening rule
is designed to detect pulmonary TB, and (2) the screening accuracy is not stratified by ART
status because all participants were pre-ART. In contrast, in the Hamada meta-analysis:
(1) TB diagnosis was not purely reliant on sputum culture although most studies still
required patients to produce sputum, and (2) screening accuracy results were stratified by
ART status. Missing covariate data of 15% in the Getahun analysis, and missing covariate

or outcome data (>30%) in the Hamada analysis are limitations of both studies.

However, the three biggest limitations of both meta-analyses and by definition the WHO-
recommended four-symptom TB screening rule are that: (1) by developing a screening
tool that relies purely on symptoms, all asymptomatic TB will be missed, (2) screening
accuracy characteristics (e.g., sensitivity and specificity) vary by setting and patient
population, and yet the screening rule derived (either positive or negative for the
symptom screen) is a one-size fits all approach regardless of setting, PLHIV population, or
use-case scenario, and (3) by stratifying risk into two categories, this does not allow
opportunity to derive differentiated TB-HIV algorithms more precisely suitable to the

continuum of risk present in the PLHIV population served.

The importance of asymptomatic TB

115 35 well as observational

Asymptomatic TB, as shown by national TB prevalence surveys
cohorts studies,® is relatively common in several settings and populations. Firstly, as is

illustrated by the Hamada meta-analysis and has been previously reported from other
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settings, asymptomatic TB is common among PLHIV on ART and therefore a WHO
symptom screen will not be a sensitive screening tool in this population.®°%°1 Notably,
sensitivity of the WHO four-symptom screen was only 51% among PLHIV on ART versus
89% among ART-naive PLHIV in the Hamada meta-analysis (Table 2.9). There are at least
two key reasons why asymptomatic TB was relatively more common among ART-
experienced versus ART-naive PLHIV who were included in the Hamada meta-analysis.
Firstly, PLHIV on ART represent a pre-screened population, where the four WHO
symptoms should have been assessed at each pre-ART and ART visit over the course of
care, progressively reducing the relative contribution of undiagnosed symptomatic TB and
increasing the relative contribution of undiagnosed asymptomatic TB in the population
screened.?! This is well illustrated by the Getahun analysis where sensitivity of the WHO
four-symptom TB screen in previously unscreened PLHIV was 88% but dropped to 41%
among those who had been previously screened (Table 2.9).° Secondly, PLHIV who are
stable on ART are likely to have higher CD4 counts with higher immune competence and
are more likely to have an indolent course of disease possibly with intermittent
symptoms.®® The lower sensitivity of the WHO four-symptom screening rule among PLHIV
with higher CD4 counts is also well-illustrated by the Getahun meta-analysis where odds
of a true positive screen result using the WHO four-symptom screening rule was about 6-

fold lower in PLHIV with CD4 >200 than in PLHIV with CD4 <200 (Table 2.9).%°
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Table 2.9. Summary of key results from the 2011 and 2018 meta-analyses informing
four-symptoms screening rule recommendations

TB prevalence

Getahun et al, 2011

Hamada et al, 2018

5.8% (557/9,626)

1559 (10.1%) of 15,427

% Patients WHO four-symptom screening rule +ve 49.80% Median 68.0% (IQR 37.0-86.4)
Not on ART 49.80% 71.2% (IQR: 46.7-87.1)
On ART N/A 29.7% (IQR: 14.3-45.7)
WHO four -symptom screening rule accuracy
Not on ART*

Pooled sensitivity (95% Cl)**
Pooled specificity (95% CI)**
On ART
Pooled sensitivity (95% Cl)
Pooled specificity (95% Cl)

78.9 (58.3-90.9)
49.6 (29.2-70.1)

N/A
N/A

89.4% (83.0-93.5)
28.1% (18.6-40.1)

51.0% (28.4-73.2)
70.7% (47.8-86.4)

WHO four-symptom screening rule or CXR +ve accuracy

Not on ART
Pooled sensitivity (95% Cl)
Pooled specificity (95% Cl)
On ART
Pooled sensitivity (95% Cl)
Pooled specificity (95% Cl)

90.6% (66.7-97.9)
38.9% (12.8-73.3)

N/A
N/A

94.3% (76.2-98.8)
20.1% (7.6-43.8)

84.6% (69.7-92.9)
29.8% (26.3-33.6)

Variations by setting
Screened in clinical setting
Pooled sensitivity (95% Cl)
Pooled specificity (95% Cl)
Not previously screened

90.1% (76.3-96.2)
N/A

81.7% (61.2-92.7)§
38.8% (18.4-64.1)§

Pooled sensitivity (95% Cl) 88.0% (76.1-94.4) N/A

Pooled specificity (95% Cl) N/A N/A
Screened in community setting

Pooled sensitivity (95% Cl) 67.1% (41.7-85.3) N/A

Pooled specificity (95% Cl) N/A N/A
Previously screened for TB

Pooled sensitivity (95% Cl) 40.5% (16.6—69.9) N/A

Pooled specificity (95% Cl) N/A N/A
Variations at the patient-level Age >=33 (1.43);

Male (1.26),

Individual level factors predictive of increased CD4 <200 (6.38); N/A

sensitivity (odds ratio for true positive screen)

CXR abnormal (1.36)

Changes in NPV by TB prevalence

WHO symptom rule only

WHO symptom rule only (plus CXR)}

Not on ART 1% TB prevalence 99.60% 99.6% (99.7%)
5% TB prevalence 97.70% 98.0% (98.5%)
10% TB prevalence 95.30% 96.0% (97.0%)
20% TB prevalence 90.00% 91.4% (93.4%)
On ART 1% TB prevalence N/A 99.3% (99.5%)
5% TB prevalence N/A 96.5% (97.4%)
10% TB prevalence N/A 92.8% (94.6%)
20% TB prevalence N/A 85.2% (88.6%)
Changes in NNS by TB prevalence 1% TB prevalence 62
5% TB prevalence 12
10% TB prevalence 6
20% TB prevalence 3

Abbreviations: ART, antiretroviral therapy; Cl, confidence interval; NPV, negative predictive value; CXR, chest radiography; NNS, number

needed to screen to detect one case
*Getahun analysis no participants were on ART

**Significant heterogeneity between studies in the sensitivity and specificity of the four-symptoms screen

T In this table, the figure in brackets indicates the NPV when CXR is added. Overall NPV increased 0.9% with addition of CXR.
ttParticipants with CD4 cell count ,200 cells/ml had 6.4 times the odds of a true-positive screen (95% Cl 2.9-14.2).
§Regardless of ART status with estimates taken from five studies in the Hamada meta-analysis
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In addition, asymptomatic active TB can be present among severely immune compromised
PLHIV,%*%> and among pre-ART patients without advanced disease in high prevalence
settings,’® among whom missing asymptomatic active TB can have suboptimal health

consequences for patients and impede disease control activities.?*

Secondly, both meta-analyses reported significant heterogeneity in WHO four-symptom
screening rule by study, which is a proxy for setting. The variations by setting are well
illustrated in the Getahun meta-analysis, where the WHO four-symptom screening rule
sensitivity varied from 90.1% in clinical settings to 67.1% in community settings, because
at the time the study was published prevalence of healthier PLHIV and therefore
asymptomatic TB disease was more common in community settings. Similarly, sensitivity
varied by pre-screened versus screened populations and by CD4 count as described above.
By definition, key parameters like number needed to screen (NNS) and NPV depend on the
underlying prevalence of TB. Notably, NPV of the WHO four-symptom screening rule
when a 20% TB prevalence was assumed was only 91.4% and 85.2% among ART-naive and
ART-experienced PLHIV, respectively. This indicates the challenge that in high prevalence
settings, higher numbers of PLHIV with active TB could potentially be prescribed TB
preventive therapy, when a full course of TB therapy is required, with implications for
emerging TB drug resistance.'® Although Hamada et al and new WHO guidelines
recommend possibly adding chest radiography to the screening rule for PLHIV on ART to
increase sensitivity and NPV, this comes at the expense of lower specificity, carries
significant additional costs and operational challenges, provides only modest overall NPV
increase (0.2% at 1% TB prevalence), and therefore might not facilitate TPT scale-up in

many LMIC settings.6%°3
Thirdly, a screening rule that only classifies patients into two categories (WHO screen

positive versus negative), does not allow more precise understanding of TB risk, which

could inform differentiated models of TB-HIV care.16:117
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One approach to overcoming all three limitations might be to derive a clinical score based
on easily available variables in LMIC clinic settings that are not purely dependent on TB
symptoms and for which cut-offs can be tailored to setting, patient population, use-case
scenario, and to inform differentiated TB-HIV care. Therefore, we searched the literature
to better understand the availability of clinical TB screening rules and their potential

suitability for LMIC, especially in sub-Saharan Africa.

2.4.2. Methods: literature search strategy

Search strategy

MEDLINE®, EMBASE, and the Cochrane library were searched over the time period
January 1, 2005, to May 31, 2020 for reports published in English with the terms
“Tuberculosis” or “tuberculosis” or “TB”, and “HIV” or “acquired immune deficiency” or
“AIDS”, and “score” or “clinical score”, and “screen”, and “validate” or “validation” or

“predict” or “risk” or “prognostic”.

Study selection

Published peer-reviewed studies that met the following criteria were included: (1) the
study population represented adult or adolescent PLHIV >12 years old, and (2) active TB
disease was the outcome of interest, whether microbiologically confirmed or clinically
determined, and regardless of the TB case finding approach to determine presence of

active TB.107-109

2.4.3. Results

Characteristics of studies included
A total of six studies describing six clinical scores for TB risk among PLHIV were identified
that met inclusion criteria from five countries: Thailand, Vietnam, Ethiopia, Guinea Bissau,

and South Africa. Three scores were derived for use as the initial screening test, three
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scores as the second screening test among patients initially screening positive with the
WHO four-symptom TB-screen, and one score (TBScore) was trialled as both an initial
screen and second-step screen in two separate studies. The time period of the studies

covered 2009-2014 (Table 2.10).
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Table 2.10. Characteristics of studies included in the literature review

Papers First or Calendar Stud samol Prevalen
included in second time . v . P Primary Outcome TB case finding ceof TB Data . Score
. Country X . Population/Screened e size - . Regression approach
Systematic screening  period of . Definition approach in pop. completeness approach
. Population (n)
Review step study screened
TB cases were defined as
subjects with
5 health centres in Oromia bacteriologically
region, Ethiopia. All PLHIV confirmed pulmonary At inclusion,
study enrolees were ART- and/or extrapulmonary participants were
second- naive, >=18 yo, submitted TB (at baseline or within 3 requested to submit 20.2% Only 7 eligible  Variables significant at 1 point for
<tep after >=1 sputum sample at months after enrolment). 2 pairs of among persons were  p<0.3 were considered eapch
Balcha et Ethiopia WHpO 2011-2013 enrolment, provided 625 Participants with clinically ~ spontaneously those excluded candidate variables. significant
al, 2014118 P screen written consent, were not diagnosed TB (defined as expectorated WHO because of Backward stepwise vagriable
e already on ATT for >2 subjects who were morning sputum screen incomplete regression cut-off at level
weeks, and were WHO prescribed ATT without samples, tested with ~ +ve covariates p<0.05.
screen +ve. All PLHIV were microbiological culture, Xpert,
pre-ART. Median CD4 was confirmation) at baseline Smear microscopy.
212 (119-321). or within 3 months of
enrolment were excluded
from statistical analysis.
2 hospitals in a region of Available TB Variables significant at
Thailand, with the PLHIV . R g .
atient population drawn diagnostic p<0.25 = candidate
P pop - TB defined as any of: procedures were variables. Multivariable
from outpatient ART and TB . . . .
. . . smear +ve, culture +ve, performed, including logistic regression
clinics and inpatient wards. . . . )
PLHIV were >=18 yo. Not compatible histology, chest radiographs, with backward
Nan | . ’ linical or radiological Itr n Missin limination fficien
2MaCtal  rhailand  firststep  2009-2011 eligible i had IPT or ATT 257  Clinical or radiologica ultrasound 25.7% ~ Missingdata - elimination was used - Coefficient
2011 within 1v. 66.5% were on response to TB Rx. TB examinations, CT not reported for second stage derived
Y. 6.7 investigations were part scans, three analysis to identify
ART. Enrolled also from TB > . . f
L . of routine care through 2 consecutive sputum independent predictors.
clinics, implying many were . . .
referred for TB months of follow-up. collections for AFB Only variables which
. . smear and sputum reached statistical
investigation. 29% had cultures significance (p<0.05)
CD4<200. € <t
1 HIV clinic in Vietnam. Conducted a univariate
Cross sectional. PLHIV Two sputum samples logistic regression.
outpatients were Pulmonary TB (PTB) case (home and clinic), 36 patients Retained statistically
Neuven et consecutively enrolled, was defined as a subject for culture, smear, didpnot significant variables No score
algzéllm Vietnam first step 2009-2010  >=15, and lived in District 6. 397 with at least one sputum DST. Chest x-rays 7.0% complete with clinical significance enerated
! PLHIV were excluded if culture positive for M. and TST performed studs in multivariable model. &

screened in last 3 m or on
ATT. 57.9% were on ART.
22% with CD4<200.

tuberculosis.

but did not inform
primary outcome.

Examined combinations
of chosen covariates
and their accuracy.
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PLHIV enrolled were >15
years old, patients seeking

Patients were smear +ve
PTB if 21 sputum smear
was +ve for AFB. Patients

. health care for cough, . TBScore or
Guinea- ) with a -ve sputum smear,
; second- weight loss and/or K . . TBSCore Il
Bissau A e but with clinical signs, . .
Rudoloh et (TBScore step after expectoration within the symptoms and CXR Sputum collection Not provided - score with 1
P 21 WHO 2010-2012  Bandim Health Project 164 ymp . for AFB microscopy, 16.5% Complete p point
al, 2014 + X changes considered TB- . previously generated. .
screen (health + demographic e chest radiography assigned to
TBScore . related, were classified as
+ve surveillance area). PLHIV . each
1) smear -ve PTB if no .
were pre-ART. CD4 data not imbrovement with variable
provided. 17% of HIV+ had p I
BMI <18 antibiotics and the
' physician initiated ATT.
The final TB diagnosis was ~ Newly diagnosed HIV
HIV Clinic of Hospital established based on the patients with a 47 of 231
Nacional Simdo Mendes in following: TB = sputum Thscore >=2 were patients
Bissau, Guinea-Bissau. positive for AFB OR asked to produce eligible but
PLHIV enrolled were newly sputum positive for Xpert  sputum if they were not included
. . L . . Same as
Aunsborg Guinea- diagnosed; >=15; not OR clinical judgement OR  able to for Xpert, due to Ebola Not applicable since the TBScore for
etal, Bissau first step 2014 pregnant and not on TB 164 X-ray findings not smear microscopy 13.4% outbreak and score was already Rudolf
202022 (TBScore) treatment in last year. resolved after a short and CXR. Newly logistical developed 2014 !
Median CD4 183 among TB course of antibiotics, diagnosed HIV reasons. 31 of
patients and 300 among according to WHO patients with score 164 lost to
non-TB patients. About one guidelines. (59% <2 + TST>5mm had follow-
third with CD4<200. microbiologically CXR, +- Antibiotic up/screening.
diagnosed). trial, + second CXR.
Prospective cohort at 2
hospital-based and 2
21 Spot sput
community health centre 1048 samplca)a fsoprualxljm
clinics. PLHIV enrolled (515 P
R enrolees regardless
were: 218 years old, deriva Rescaled
X . L of symptoms at o
second- included three groups tion Clinical or . multivariab
. . . . . enrolment. Spot Stepwise backward
Hanifa et South step after (newly HIV diagnosed, pre- intern  microbiologically soutum samoles rearession with le beta
123 ) WHO 2012 ART care, or on-ART al; confirmed TB within 6 P P 10.5% Complete eres ) coefficients
al, 2017 Africa . collected at significant variables at
screen groups); had not received 533 months of enrolment o from
K X . . subsequent visits if p<0.05 selected .
+ve ATT in previous 3 months; valida  visit. PN logistic
R high risk”**; Xpert .
and there were no CD4 tion regression
L . for all sputum
count criteria for intern samples: CXR per
enrolment. Median CD4: al) ples; P

378 (IQR 228-543). About
one quarter with CD4<200.

national guidelines

Abbreviations: ART, antiretroviral therapy; TB, tuberculosis; WHO, world health organisation; SA, South Africa; AFB, acid fast bacilli; CXR, chest radiography; PTB,

pulmonary TB; TST, tuberculin skin test; ATT, anti-tuberculosis treatment; Rx, treatment; yo, year-old; +ve, positive; -ve, negative; BMI, body mass index; DST, drug
susceptibility testing.
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Study population

Among the six study populations, three (Ethiopia and the two TBScore studies from
Bissau) included only pre-ART!1&121122 5qylt patients and three (Thailand, Vietnam, and
South Africa studies) included a mix of both pre-ART and ART patients.11%120.123 Some
measure of CD4 count distribution among PLHIV was provided in five studies, with 22% to
50% of PLHIV having a CD4<200/uL. Sample size ranged from 164 to 1,048. The
prevalence of active TB in the populations screened ranged from 7.0% to 25.7% (Table

2.10).

TB outcome and case finding approach

The TB outcome definition varied across the studies; four (Thailand, two TBScore studies
from Bissau, and South Africa studies) used either a clinical or microbiologically confirmed
diagnosis of TB as the outcome of interest, while two (Ethiopia and Vietnam studies)*18120
used only microbiologically confirmed TB from sputum and other samples. Five studies
focused on pulmonary TB and only one (Ethiopia study) focused on either pulmonary or
extra-pulmonary TB.8 Four studies (Ethiopia, Vietnam, initial TBScore study from Bissau,
and South Africa study) collected sputum from all enrolees; in the follow-up TBScore study
from Bissau, study enrolees only provided sputum if the TBScore was >=2;?2 and in one
study (Thailand study) it is unclear whether all enrolees provided a sputum for

microbiological assessment as TB diagnosis was done in routine settings.''®

Covariates assessed

Across the six studies and scores, a large number of potential predictors of prevalent
active TB were considered as candidate predictors, with a total of 39 categories of
symptoms across the studies evaluated (Table 2.11). Some categories (e.g., WHO TB
symptoms and comorbidities), had multiple levels (e.g., 14 symptoms were considered in
the Thailand study and 11 in the Vietnam study, while five comorbidities in addition to HIV
infection were considered in the Thailand study). Approaches to categorizing the

continuous variables was not consistent. For example, BMI was made binary (<19 vs. 219)
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in the Thailand study, (categorized as <18 and <16 in the TBscore studies from Bissau), and
categorized as <18.5, 18.5-24.9, and 225 in the South Africa study. Sometimes predictors
in one study were considered part of the outcome definition in other studies. For
example, a CXR suggestive of TB was considered a predictor in the Vietnam study, but was
considered to define clinical TB in the three studies where a clinical diagnosis of TB was
part of the outcome definition (i.e., Thailand, TBScore studies from Bissau, and South

Africa study).
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Table 2.11. Summary of covariates assessed in published clinical TB risk scores among PLHIV

Balcha et al 2014 Nanta et al, 2011 Nguyen et al, 2011 Rudolf, 2014 & Aunsborg et al, 2020 Hanifa et al, 2017
Candi A0 °°  Candi S¢ 1 Candi ¢ Candida AOR TBSc '°°°  TBSc | Candi s
date R or date AOR or date AOR or te * ore ore ore date AOR or
e e e I e
Age Yes Yes Yes Yes
Sex
Male Yes Yes Yes No Yes
Female
Residence
Urban Yes No No No No
Rural
Permanent
Home
Vo Yes No No No No
No
Previous TB
Yes Yes Yes 9.31 3 Yes 0.89 NP No Yes
No
Household TB
contact
Vou Yes Yes No No No
No
Prior TB in HH
Yes Yes No No No No
No
Household size No Yes No No
Smoking
Yes Yes No Yes No Yes
No
Alcohol
Yes Yes No Yes No Yes
No
IDU
Yes No No Yes No No
No
Khat
Yes Yes No No No No
No
Employment
Yes No Yes Yes No No
No
Prior
incarceration
Voo No No Yes No No
no
HIV care
New to care
(pre-ART) Yes No No No Yes
Longer term pre-
ART
WHO stage
lor2 Yes No No No No
3oréd
WHO TB Coug
symptom score h>2
Cough 2.1 1 w 6.16 3 Yes 0.7 NP Yes 1 1 1 Yes
Yes chills Yes
Fever >=1w 6.95 3 2.64 NP No Yes
Loss of weight Yes 1.22 NP No Yes
Night sweats Yes 1.14 NP Yes 1 1 Yes
Appet
12 ite Haemoptysis
Other other loss 193 NP 1 1
s fatigu
consi e 0.94 NP Dyspnoea 1 1 1
dere Chills 1.98 NP
d Chest Chest
pain 1.36 NP pain 1 1 1
. Yes >1
4 others considered Symp. 359 4
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Duration of No No No No
Symptoms Yes
Comorbidities
Diabetes
Hypertension
: . No Yes No No No
Liver disease
Lung disease
Other
Yes
Clinical chest No Yes No (Auscult
features ation)
On IPT
Yes Yes No No No Yes
No
On CPT
Yes Yes Yes No No Yes
No
ART status
On ART Yes Yes No Yes
Not on ART 6.37
Hospitalization
Yes Yes No No No No
No
Peripheral
Lymph nodes ves 7.3 ves No No No
Yes
No (>90/mi
Pulse n) No
Yes
Temperature No No No (>37) No
Yes
(<=80 No No
Karnofsky score ) 2.8 No No
Yes
(<20c No No (<2YZecSm)
MUAC m) 2.0 No
Yes
(<20cm) No
Yes
(<19 Yes
ves kg/m No Yes 18.5-
BMI 2) 3.99 (<18) 24.9 2.23
Yes
Yes (<18.
(<16) 5) 6.79
TST Yes 2.72 NP No
Yes Yes
(<10g Yes No (Anaemi
Haemoglobin /dL) 2.9 c eyes) No
Yes Yes (;(;;_
Yes (<20 (<200
o/iL) /u) 3
CD4 count 3.79 3.17 NP No ulL) 14
Haematocrit No Yes No No No
Platelet count No Yes No No No
WBC No Yes No No No
AFB +ve No No Yes 32.04 NP No No
TB-CXR No No Yes 4.28 NP No No

Abbreviations: AOR, adjusted odds ratio; TB, tuberculosis, IDU, injection drug use; ART, antiretroviral
therapy; IPT, isoniazid preventive therapy; CPT, co-trimoxazole preventive therapy; MUAC, mid-upper arm
circumference; BMI, body mass index; TST, tuberculin skin test; WBC, white blood cell count; AFB, acid fast

bacilli; CXR, chest x-ray; PLHIV, people living with HIV; symp., symptoms
*AORs not provided for the TBScore analyses.
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Statistical approaches to score development

Four of the six studies (Ethiopia, Thailand, Vietnam, and South Africa) used a logistic
regression approach to identify predictors in univariate analysis (Table 2.10). Two of these
four studies indicated that candidate predictor variables with p<0.3 (Ethiopia) and p<0.25
(Thailand study) in univariate analysis were eliminated as candidate variables. Of these
four studies, three used a backward multivariable stepwise regression approach as the
final step to select chosen variables for the score, sequentially eliminating variables with
the highest p-value until only those with p<0.05 were retained. Five of six studies
generated numeric scores for TB risk, whereas one (Vietnam) only provided screening
accuracy for a variety of combinations of variables. Among the five studies with numeric
scores, one (Ethiopia) assigned a single point for each selected variable regardless of
coefficient, two re-scaled multivariable model coefficients (Thailand and South Africa),
and two (the TBScore studies from Bissau) did not present the regression approach and
assigned a single point to each of the final chosen variables. Only the South Africa study
assessed the possibility of non-linear relationships between continuous predictors and log

odds outcome.

Screening accuracy and validation approaches

None of the six studies and scores included an external validation component. Only the
South Africa study used a temporal internal validation approach, splitting the dataset into
derivation and validation components based on the median enrolment date and showing

score performance in both derivation and validation datasets.

Predictive accuracy

AUROC of the first-step screening scores were 0.58-0.62, 0.77 (at TBScore Il 23), and 0.92
in the Vietnam, follow-up TBScore study from Bissau, and Thailand studies, respectively,
indicating poor (<0.7), acceptable (0.7-0.79), or outstanding (>0.9) discrimination,
respectively (Table 2.12). AUROC of the second step screening scores were 0.52 (at
TBScore >3), 0.5 (at TBScore Il 22), 0.631 (at South Africa score 23), and 0.75, in the Bissau,
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South Africa, and Ethiopia, studies, respectively, indicating poor (<0.7) or acceptable (0.7-
0.79) discrimination. Only the Ethiopian second-step score and Vietnam first-step score
compared discrimination and screening accuracy of the score versus the WHO standard,
with similar or slightly better discrimination of the score versus the WHO standard. In the
Vietnam first step screening score, the sensitivity could be increased from the WHO
standard of 50% to 100% by adding additional screening variables, and NPV from 94% with
the WHO score to 100%. By definition, any second step score is going to have lower

sensitivity and lower NPV compared with the WHO screening criteria.

Table 2.12. Screening accuracy of the TB risk scores

Nanta

Balcha et al, 2014 etal, Nguyen et al, 2011 Rudolf et al, 2014 (among PLHIV) Aunsborg et al, Hanifa et
al 2017
2011 2020
Ethiopia  WHO Thailand Vietnam - WHO Bissau TBScore  TBScore Il TB Score WHO SA score
Score  score Score Score  score Score
**First First First Second
* i * % *
Second step step First step Second step step** Step** step*
Number of
primary 137 137 66 28 28 27 27 22 22 110
outcomes
Characteristics
0.75 &/T—Ioolf >=3:0.52 >=2:0.50 0>2::1
AUROC (WHO+ and 0.92 0.58-0.62 0.57 e DS >=3:0.77 NP -
score >=4) screen >=4:0.53 >=3:0.62 >=7:
alone 0.701
o >=3:93% >=2:85% .. >=3:92%
Sensitivity NP NP NP 43-100% 50% o=: 78%  >=3: 74% >=3:96% 100% =7 67%
. 200 o >=3:12% >=2:15% 2. 379 o >=3:34%
Specificity NP NP NP 24-79% 64% 5=4:29%  >=3: 50% >=3:37% 15% >=7: 74%
<1: PPV 20.2%
(7.8%); among
2-3:PPV  those o o a9a0
PPV (27.5%):  WHO NP 6-11% 10% >=3:23% NP
>4: PPV screen
(55.9%) +ve
92% at <=1;
72% at 2-3, o o o >=3:89% >=2:84% . 0ao >=3:97%
NPV and 44% at 94% NP 91-100%  94% >=4:87% >=3:91% >=3:98% NP >=7:95%
>=4

Abbreviations: NP, not provided by the referenced study; AUROC, area under the receiver operating
characteristic curve; PPV, positive predictive value; NPV, negative predictive value; WHO, World Health
Organisation; SA, South Africa

*Second step screen is an additional screening rule after a PLHIV has screened positive for one of the four
WHO TB symptoms
**A first step screen replaces or supplements the WHO four-symptom TB screen
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Simplicity and feasibility of score in LMIC

In general, all the scores included available variables in LMIC clinics such as TB symptoms,
clinical measures (e.g., Karnofsky score), temperature, anthropometric measurements
(e.g., body mass index, mid-upper arm circumference), and widely available blood tests
(e.g., haemoglobin concentration measurements). However, some scores included
variables that were more subjective and open to interpretation (e.g., TBScore and TBScore
Il included findings from chest auscultation), and the other four scores (Ethiopia, Thailand,
Vietnam, and South Africa) included the need for CD4 testing, which is not yet widely

available in LMIC clinic settings.

2.4.4. Discussion

Overall, the six studies and six clinical TB risk scores had a number of limitations that mean
the scores are not easily generalizable outside the study populations included. Three
main limitations are common across the studies: (1) lack of external validation, (2) the
potential for biased score generation, and (3) use of either variables that are subjective or

not rapidly available in LMIC settings.

The need for external validation

Per published guidelines for generating predictive models and scores, external validation
in cohorts different to the cohort in which the model and score were developed is
important to assess the generalizability of the predictive model and score and therefore
utility in settings outside of that in which it was developed.?* Only one study (the South
Africa study by Hanifa et a/) used a temporal internal validation approach to build
confidence in the model and clinical score, but this falls short of external validation in

separate settings and cohorts.?*
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The potential for generating biased scores

The study population used for clinical score generation plays an important role in
determining which variables will be selected for the clinical score and also the screening
accuracy characteristics. For example, two studies from South East Asia (Thailand and
Vietnam studies), at initial glance have similar study populations (adult PLHIV outpatients,
some of whom are on ART, with 22-29% having a CD4 count <200/uL). However, the
prevalence of active TB was markedly different (25.7% in the Thailand study and 7% in the
Vietnam study). On deeper examination it is clearer that those enrolled in the Thailand
study were already suspected of having TB and had been referred for investigation,
whereas those in the Vietnam study represented a less biased study population.
Therefore, although the Thailand study is presented as a first-step screening tool, it is in
fact a second step screening tool for prevalent active TB among those already reporting
symptoms of TB. If the Thailand screening tool were applied as a first screening step in
another population of PLHIV, it would possibly not perform as well as it did in the
somewhat biased primary study population. In particular, whether the Thailand screening
tool is an accurate screening tool in a population of both symptomatic and asymptomatic

individuals cannot be ascertained from the data presented.

Variable inclusion suitable and feasible in LMIC

Another limitation of the studies is use of either subjective or difficult to obtain variables
in LMIC for the clinical score. The initial and follow-up TBScore studies from Bissau used a
13 variable score (TBScore I) with two main challenges. Firstly, a 13-variable score
represents a large number of variables to ask a busy HCW from a LMIC setting to gather
during routine care. Currently, it is challenging to support HCWs to screen for just the
four WHO TB symptoms in LMIC. For example, the percentage of eligible PLHIV
appropriately screened for all four WHO TB symptoms has been reported as 59% in SA,%3
61% in Mozambique,®? 4% in Kenya (4%),%?> and 36% in Cote d’lvoire®® in recent years.
Reasons for low adherence with TB screening protocols are not well understood, but could

relate to high patient-to-provider ratios, limited on-the-job training and mentorship, lack
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of access to monitoring data, and possibly lack of prompts, either as part of an electronic
medical record or on a routine paper form, to screen for TB. Overall, the lesson learned is
that the screening tool needs to be very simple. Secondly, the TBScore includes more
subjective variables like abnormal findings on auscultation and “anaemic eyes”, which
leave room for non-standard capture of variables for the risk score. The other four scores
(Ethiopia, Thailand, Vietnam, and South Africa scores) all require a CD4 variable, with CD4
not widely available yet in LMIC settings, although a lower cost lateral flow assay to

determine CD4 <200 cells/pL is in development.

First step vs. second step screening

Recent WHO guidelines,® the recent WHO TB symptom screening meta-analyses,®! and
recent expert opinion?® all express some level of concern about inability of the WHO TB
symptom screen to detect asymptomatic TB and therefore increasingly sub-optimal
sensitivity and NPV, especially among PLHIV on ART. By definition, any second step
screening approach after the initial WHO four-symptom TB screen is going to have a lower
sensitivity and lower NPV than the WHO four-symptom screening rule alone, which does
not alleviate the currently most pressing concern emerging in TB screening literature. Of
the three first-step screening scores, none are suitable for wide scale-up for reasons
already discussed: related to the Thailand score, lack of external score validation,
potentially biased derivation study population, and dependence on CD4 limit its use;
related to the Vietnam score, lack of external validation and inclusion of CD4 and chest x-
ray as potential variables in the score; and related to the TBScore study, lack of external
validation, use of a complex 13-level score, inclusion of more subjective variables

(auscultation and anaemic eyes) in the score.

Statistical approach
Notably only one study (South Africa study) examined the potential for non-linear
relationships between continuous predictors and the log odds of outcome using a

fractional polynomial approach per best practice.'?® The other studies used published or
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novel cut-offs for continuous variables not derived from the data. Recently, the superior
ability of machine learning models to account for non-linear relationships between the
continuous predictors and the outcome of interest has been highlighted as a potential
advantage of machine learning approaches versus traditional generalised linear regression
models. No clinical TB score has yet been derived using the advantages of machine

learning approaches, which is a potential area for future research.?7128

Other TB screening approaches

Other TB screening approaches, such as use of blood tests for C-reactive protein (CRP) in
the initial'?® or second-step screening approach after a positive WHO symptom screen and
trial of antibiotics3® have also been published. Most attempts at using CRP as the initial
TB screening test have shown high sensitivity. For example, in one study from KwaZulu-
Natal South Africa, sensitivity of both the CRP screening test (>5 vs <5) and WHO four-
symptom TB screen was 91%,2° but the CRP test was more specific than the WHO four-
symptom TB screen (59% vs. 37%). However, while other studies have reported that CRP
as an initial screening test (>10 vs <10) had high sensitivity, in some of these prior studies,
sensitivity of the CRP screening test was lower than the WHO four-symptom screen

131 3nd in other studies CRP was considered to have little benefit as a

standard of care,
screening tool versus the four-symptom screening tool due to no improvement in
accuracy or discrimination.'3? One study suggested CRP added value as a second step
screening tool after a positive WHO four-symptom screen and trial of antibiotics, but not
as an initial screening test.'3® While lower cost point-of-care CRP screening tests are
available, this test is not yet widely available in LMIC.*3! In addition, debate about the CRP

130 3nd most studies have

cut-off and location in the TB screening algorithm continues,
advocated use of CRP to increase specificity rather than sensitivity.*3! Future inclusion of
CRP in clinical scores could yield important additional information rather than using CRP as

a single positive or negative screening tool.
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2.4.5. Conclusion

In summary, there is no externally validated, feasible, and flexible initial clinical score for
TB among PLHIV, including those on ART, which can be used to either improve sensitivity
and NPV, or increase specificity and PPV, compared with the WHO four-symptom TB
screening rule, depending on the use-case scenario. Use-case scenarios where improved
sensitivity in detecting asymptomatic TB and high NPV would be prioritized include: (1) at
the point of HIV care or ART enrolment where undiagnosed TB prevalence is relatively
high and intensified TB case finding to reduce TB-related mortality is the focus, and (2)
prior to provision of TPT (i.e., among ART-naive or ART-experienced PLHIV who have not
yet received TPT).1® Use-case scenarios where higher specificity and PPV might be
prioritized would be among those PLHIV stable on ART who have received TPT and among
whom improving cost-effectiveness of TB screening approaches (i.e., lowering the NNS)
would be a higher public health priority. In addition, there has been little focus stratifying
TB risk among PLHIV to inform differentiated TB-HIV care algorithms for sub-Saharan
Africa. A new externally validated screening tool that addresses this gap could be very
useful in sub-Saharan Africa, where early ART mortality due to undiagnosed TB remains
high, global efforts to scale-up TPT to >13 million PLHIV are ongoing, and resource-
limitations demand investigation of opportunities to improve efficiency through

differentiated service delivery models.
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Chapter 3. Thesis aim, research questions, and study setting

3.1. Aim

The overarching aim of this thesis was to investigate opportunities to reduce early
mortality on ART specifically, and HIV-TB mortality more broadly, among PLHIV in sub-
Saharan Africa, through improved approaches to TB screening, diagnosis, and retention in

HIV care.

3.2.  Specific research questions

To meet this over-arching aim, | specifically aimed to address the following research

questions:

1. Compared with standard of care in Botswana, what is the impact of the following
package of interventions on early (6-month) adult ART mortality rates: (1)
additional support for ICF, (2) intensified tracing for patients missing clinic
appointments to return them to care, and (3) Xpert replacing sputum-smear
microscopy.

Note: this was a co-primary objective of the Botswana Xpert Package Rollout Evaluation

using a Stepped-wedge design (XPRES) trial (ClinicalTrials.gov: NCT02538952).18

2. Compared with the current WHO advanced disease eligibility criteria for early ART
care intensification, can predictive clinical scores tailored for settings that (a) do
not have access to rapid CD4 count testing, and (b) do have access to rapid CD4
count testing, better predict who is at risk for early (6-month) ART mortality and

therefore in need of early ART care intensification?
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3. Can a predictive clinical score, developed using easily available covariates in
resource-constrained clinic settings in sub-Saharan Africa, predict TB risk among

PLHIV better than the current WHO four-symptom screening rule?

3.3. Setting the scene

3.3.1. Botswana

In 2018, Botswana was ranked 94 out of 189 countries on the human development index
(HDI),132 with a Gross Domestic Product (GDP) per capita of about $15,000 making it an
upper middle-income country, with economic growth since independence in 1966 fuelled
by significant mineral (diamond) wealth, good governance, prudent economic
management, and a relatively small population of slightly more than two million.’3* Most
of the population (71%) reside in urban centers and life expectancy in 2020 was estimated

at 69.9 years.'3>

Botswana has the third highest prevalence of HIV-infection among adults aged 15-49
globally (22%), however comprehensive and effective treatment programs have reduced
HIV/AIDS-related deaths substantially from 17,000/year in 2004 to 4,800/year in 2018.13°
In 2020, Botswana’s progress to 90-90-90 is estimated at 91-92-95, making it one of the

first countries in the region estimated to have reached 90-90-90 targets.!

In 2018, overall TB incidence was estimated at 275 (95% Cl, 213-345) per 100,000
population and incidence of HIV-associated TB in the total population was estimated at
148 (95% Cl, 114-186) per 100,000 population, with incidence rates steadily declining
since 2000 (Figure 1). Therefore, about half of TB cases in Botswana are estimated to be
among PLHIV. Multi-drug resistant TB is estimated to be low (13/100,000 population) but

increasing in prevalence among TB cases over time (from 0.2% in 1996 to 2.5% in
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2008).1%137 Annually there are an estimated 560 deaths from TB among HIV-negative

persons and 1,200 deaths from TB among HIV-positive persons.

Figure 3.1. Estimated total TB incidence (green), new and relapse TB cases notified
(black), and HIV-positive TB incidence (red) in Botswana — 2000-2018*

1000

500

2000 2005 2010 2015 2018

*Taken from the most recent WHO Botswana Country Profile report.138

The Botswana National TB Programme was established in 1975. National guidelines since
2011 have placed significant emphasis on coordinated TB-HIV services, although in most
cases TB treatment clinics are run separately from HIV treatment clinics in terms of
location of the clinic or timing of the clinic if the TB and HIV treatment clinics are co-
located on the same health facility grounds. Laboratory diagnosis using sputum smear
microscopy was the mainstay of TB identification for PLHIV prior to rollout of Xpert as the
first line TB diagnostic starting in 2012. Although TB culture using mycobacterial growth
indicator tubes was available at the central National TB Reference Laboratory in
Gaborone, culture was seldom requested in practice for PLHIV suspected of having TB
(i.e., those PLHIV who screened positive for one of cough, fever, loss of weight, or night
sweats).'® Chest radiography was recommended for TB-symptomatic PLHIV who tested

negative for TB using either sputum-smear microscopy, or Xpert after Xpert was rolled out
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in 2012. Our XPRES study activated the first 13 Xpert devices in service of PLHIV in a
phased manner as described in Chapter 4. Nurse practitioners, in addition to medical
doctors, are allowed to initiate and monitor TB treatment. Since 1993 Botswana adopted
directly observed therapy for all patients for the entire TB treatment period, with
community healthcare workers supporting direct observed therapy implementation
where possible and implementation of direct observed therapy affected by logistical

challenges (e.g., cost of transport for the patients, work load for healthcare providers).13°

3.3.2. South Africa

For the second and third thesis research questions, data from three prospective clinical
cohorts from South Africa were used to validate the clinical scores derived from the XPRES
dataset. The three cohorts are: (1) TB Fast Track (TBFT) trial enrolees from Gauteng,
Limpopo, and North West Provinces in South Africa, which represents a homogenous ART-
naive population with advanced HIV disease;'’ (2) prospective cohort data for XPHACTOR
enrolees from Gauteng province, South Africa, which represents a predominantly stable,
long-term ART population;'?3 and (3) prospective cohort data from the Western Cape,
South Africa, which represents an ART-naive population in a very high TB incidence

setting.14?

In 2018, South Africa was ranked 113 out of 189 countries on the human development
index (HDI), with a Gross Domestic Product (GDP) per capita of about $12,000 making it a
middle-income country.’*! Economic growth has stagnated recently with rising
unemployment (27%) and significant socio-demographic inequalities in wealth across the
population of about 57.8 million. Most of the population (67%) resides in urban centers

and life expectancy in 2020 was estimated at 63.9 years.'#?

In 2018, overall TB incidence was estimated at 520 (95% Cl, 373-691) per 100,000
population with HIV-positive TB incidence at 306 (95% Cl, 219-406) per 100,000
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population, with incidence rates rising between 2000 and 2008 and then declining since
2009.138 Qver half of TB cases in South Africa are estimated to be among PLHIV. Multi-
drug resistant TB is estimated to be 19/100,000 population. Annually there are an
estimated 21,000 HIV-negative TB deaths and 42,000 HIV-positive TB deaths.

Figure 3.2. Estimated total TB incidence (green), new and relapse TB cases notified
(black), and HIV-positive TB incidence (red) in South Africa — 2000-2018*
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3.4. Key challenges facing the Botswana national ART programme at the time of

XPRES

As described above, Botswana is one of the worst affected countries by the HIV pandemic
with nearly one in four adults living with HIV. To respond to the national HIV epidemic,
the Government of Botswana launched its national antiretroviral therapy (ART) program
called “Masa”, which means “a new dawn” in Setswana, on January 21, 2002. After 12
years of scale-up, by the end of 2014, the Masa program had expanded to more than 302
healthcare facilities and the number of patients ever initiated on ART had reached
247,856, of which 229,133 were in the public sector. At the time of XPRES trial initiation

in 2012, early mortality on ART especially due to undiagnosed TB,*3 and loss to follow-up
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during ART and from TB-HIV care cascades were considered important challenges facing
the Masa program.3? For example, in an observational cohort study of 226,030 adult
patients starting ART during 2002—2013, mortality (uncorrected for mortality among ART
enrolees LTFU) during the first three months of ART was 11.8 per 100 person-years (95%
Cl, 0.98-1.04), but dropped to 1.0 per 100 person-years (95% Cl, 0.98-1.04) among PLHIV
in the time period after one year of completed ART.3? In addition, LTFU during the first
year of ART was 14.9 per 100 person-years (95% Cl, 14.7-15.1) overall, and LTFU rates
among ART enrolees was observed to have increased from 7.7 per 100 person-years for
ART enrolees in 2003 to 22.5 per 100 person-years for ART enrolees in 2011.32 In addition,
in the only pathological autopsy evaluating causes of death among adult PLHIV in
Botswana in 2002, 38% of deaths were due to TB, and 90% of TB cases had both
pulmonary and extra-pulmonary disseminated TB.}** These challenges were important in

informing the XPRES trial intervention package which is described in Chapter 4.
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Chapter 4. Methods

This Chapter describes methodology used to answer the three thesis research questions
described in Chapter 3. A summary of the XPRES trial methods is provided in section 4.1.
with additional details provided in the published manuscript in Chapter 5 and the
published protocol, which can be found as Appendix 1. An overview of analytic methods
used to develop and validate the early ART mortality risk scores is provided in section 4.2.,
and analytic methods used to develop and validate the TB risk score for PLHIV in section

4.3.

4.1. XPRES trial summary

4.1.1. Primary trial objectives

In 2012, as a pilot for Botswana’s national Xpert MTB/RIF (Xpert) rollout plans, | designed
a study called the Xpert Package Rollout Evaluation using a Stepped-wedge design (XPRES)
trial.*® XPRES had two co-primary objectives. The XPRES co-primary objective reported in
this thesis, and the first key research question for this thesis as described in Chapter 3,
was to evaluate the impact of a package of interventions comprising (1) additional support
for TB screening and intensified TB case finding (ICF) algorithms, (2) active tracing for
patients missing clinic appointments to support retention, and (3) Xpert replacing sputum-
smear microscopy, on early (6-month) antiretroviral therapy (ART) mortality.'® The other
XPRES co-primary objective, which aimed to compare diagnostic sensitivity of the new
Xpert-based TB diagnostic algorithm with that of the sputum-smear-microscopy-based

algorithm is not part of this thesis.
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4.1.2. Secondary trial objectives

Two secondary XPRES trial objectives are also reported in this thesis as follows: (1) to
evaluate impact of the TB screening, retention, and Xpert package on 12-month ART
mortality compared with standard of care, and (2) to evaluate impact of Xpert compared

with smear microscopy on all-cause, adult, 6-month ART mortality.

4.1.3. XPRES Study design

The XPRES stepped-wedge cluster randomised trial (CRT) design with a retrospective
baseline component is illustrated in Figure 4.1. XPRES was conducted at 22 clinics
purposively chosen to be representative of HIV care and treatment clinics in Botswana. All
HIV clinic enrolees >12 years old, except for PLHIV who were incarcerated, were eligible
for inclusion in the study in three phases: a retrospective standard of care (SOC),
prospective enhanced care (EC), and prospective EC plus Xpert (EC+X) phase (Figure 4.1.).
EC and EC+X phases were implemented as a stepped-wedge trial. Participants in the EC
phase received SOC plus components 1 (strengthened ICF) and 2 (active tracing) of the
intervention package, and participants in the EC+X phase received SOC plus all three

intervention package components.
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Figure 4.1. Study design for the Xpert Package Rollout Evaluation using a Stepped-wedge design (XPRES)
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4.1.4. Study design rationale

A pragmatic stepped-wedge cluster-randomised trial design with a retrospective
component was chosen for the following reasons. A cluster-randomised design (i.e., for
the EC vs. EC+X comparison) was chosen because Xpert device activation was most
feasibly achieved for an entire district TB laboratory, which often served more than one
health facility; this fact made an individually randomised controlled trial design less
desirable.'** A stepped-wedge rather than parallel-group design was chosen because: (1)
at the time, according to WHO guidance’” and Ministry of Health guidelines,*” the Xpert
device was expected to be beneficial for both patients and providers, and therefore it was
considered ethically sub-optimal to implement a parallel group cluster-randomised trial,
where certain district TB laboratories and their associated clinics were denied access to
Xpert for an extended period of time,”®4> (2) the phased rollout of Xpert provided
logistical advantages, because it meant that a single site activation team, in charge of
training and activation of the Xpert device, could sequentially initiate all study sites,** (3)
the need for only a single site activation team reduced projected study cost, and (4) in a
real-world setting, the sequential rollout of an intervention allows lessons learned during

earlier steps to be applied during later steps.

The primary study question, however, was addressed through a pre versus post
comparison (i.e., a comparison of 6-month ART mortality between SOC and EC+X phases).
The main reasons a pre- versus post-design was chosen related to sample size, Ministry of
Health preferences concerning speed of Xpert rollout, funding availability, desire for a
more pragmatic study design to increase generalizability of findings related to the primary
study question, and opportunity to address a different study question than other Xpert
trials.14® As described in the sample size section below (4.1.11), we estimated a possible
40% impact of the Xpert package versus standard of care on early ART mortality. To
observe a 40% difference in 6-month mortality rates within a stepped-wedge trial would
have required a very large and lengthy EC and EC+X prospective cohort enrolment. This
was not feasible because: (1) the MOH preferred the 13 Xpert devices be rolled out as
soon as possible due to Xpert superiority over smear microscopy in terms of diagnostic
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accuracy;®! and (2) there was insufficient funding for a stepped-wedge trial of the needed
size to detect a >40% reduction in all-cause mortality (>10,000 prospective trial enrolees).
In addition, since investigators wanted the study findings related to intervention package
impact on mortality to be generalizable to other settings in sub-Saharan Africa, a
pragmatic design was needed and the pre-requisite for a pragmatic trial is that the
standard of care arm or phase needs to reflect true standard of care.'*’ Prospectively
enrolling the standard of care cohort would likely alter the true standard of care as it did
in many other Xpert impact evaluation trials.**® In Chapter 8, Section 8.2.2., the thesis
provides more detail on why investigators consider the XPRES trial design a pragmatic
design. In addition, by implementing three phases, XPRES was positioned to answer a
guestion other Xpert trials were not expressly designed to answer, namely what is the
impact of the Xpert package of interventions (i.e., strengthened TB screening, retention,
and Xpert rollout) on early ART mortality?'® As a secondary trial objective, the trial aimed
to examine, using data from the stepped-wedge portion of the trial, representing a
controlled, strengthened health system with high completion of both smear microscopy
and Xpert diagnostic algorithms, whether Xpert provided additional benefit in terms of
patient-important outcomes. However, similar to most trials,'4%1°° XPRES was powered to
meet the primary study objective (i.e., the pre versus post comparison of 6-month ART
mortality between SOC and EC+X phases) and was not powered to answer this secondary

objective due to the timeline and funding limitations described above.14%1>0

4.1.5. Cluster eligibility criteria

A cluster was defined as an HIV care and treatment clinic. Twenty-two clusters, located at
five district hospitals and 17 primary healthcare facilities, were purposively selected to: (1)
be representative of HIV treatment clinics in Botswana, and (2) have new ART initiation

rates sufficient to meet sample size requirements (all clinics had >8 new ART enrolees per

month, range 8-46/month according to routine programme data).
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Figure 4.2. Location of 13 Xpert devices in service of 22 study clinics
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4.1.6. Study enrolee eligibility criteria

At these 22 clusters, individual patients were eligible for study enrolment if they were new
HIV clinic attendees, regardless of TB treatment status, and not prisoners at the time of
the first HIV clinic visit. For the XPRES primary outcome trial analysis, only those study
enrolees who newly started ART at or after study enrolment and were >12 years old at

ART initiation were included.®

4.1.7. Randomisation and masking

The selected 22 clusters received TB diagnostic services from 13 laboratories (Figure 4.1.).
Because some of the study clinics used the same TB diagnostic laboratory, full Xpert, ICF,
and retention package activation was planned to be simultaneous for these clinic
consortiums (Figure 4.11). After obtaining ethical approvals and agreement to participate

in the study from MOH at a central level and MOH management at the selected facilities,
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the study statistician randomly selected one of the rollout permutations.'® Participants,
investigators and health facilities were not blinded to their phase of enrolment because it
was considered unfeasible and also ethically sub-optimal to blind health care providers
(who might make different empiric TB treatment decisions depending on the diagnostic

used).137.151

4.1.8. Procedures

At the 22 clusters, per Botswana national guidelines during the time period of the study
(July 2010 through June 2015), all study participants in all phases were eligible for ART
initiation if they had a CD4 count <350 cells/uL, were diagnosed as having WHO stage
l11/1V, or were pregnant or breastfeeding.'>? All study participants received clinical care
and follow-up appointments according to MOH guidelines, with follow-up schedules

described as Additional File 2 of the trial manuscript in Chapter 5.

Standard of care phase

Enrolment in the retrospective SOC phase was through chart abstraction of eligible adult
patients who started ART between July 2010 and the end of July 2012 (Figure 4.1.)
(Appendix 1 and 2).18 The SOC phase enrolees received HIV care according to national
guidelines, limited ICF, infrequent active tracing due to resource limitations, and sputum-

smear microscopy for presumptive TB patients.

Intervention phases EC and EC+X
Prospective EC enrolment started in August 2012 and was complete by January 2013.
Prospective EC+X enrolment occurred from October 2012 through March 2014 according
to the stepped-wedge design (Figure 4.1.). At enrolment, after written informed consent
procedures were followed, standard baseline and follow-up questionnaires were
completed as described in Appendices 1 and 2. EC phase participants received SOC
supplemented by two components of the Xpert, ICF, and retention package (i.e.,
additional support for ICF and intensified tracing) combined with sputum-smear
microscopy (Figure 4.3.). EC+X phase participants received SOC supplemented by all three
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components of the Xpert, ICF, and retention package (i.e., additional support for ICF,
intensified tracing, and Xpert in place of sputum-smear microscopy) (Figure 4.3.). All
interventions were activated at the cluster-level for the benefit of all clients receiving care
at the clinic. Figure 4.3 below summarises the key differences between the SOC and

intervention phases.

Figure 4.3. Comparison of interventions introduced in the EC and EC+X phases

Intervention
Standard of Care (SOC)* Enhanced Care (EC) EC + Xpert (EC+X)
component

TB screening and ICF Weak Strengthened Strengthened

Active tracing for

missed
Infrequent Strengthened Strengthened
appointments to
support retention
TB Diagnostic Smear microscopy Smear microscopy Xpert

Abbreviations: ICF, intensified TB case finding

EC and EC+X participants were followed for 12 months, or until the end of TB treatment,

whichever was later. The final follow-up visits for EC+X enrolees were in June 2015.

Interventions

The ICF and active tracing interventions were strengthened through four key mechanisms:
(1) additional human resources (study nurses) to support implementation, (2) additional
training for clinic and laboratory personnel, (3) use of checklists and job aids to
standardize implementation, and (4) regular supervisory visits to track adherence to ICF

and tracing checklists.
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Regarding the ICF intervention, implementation of the WHO 4-symptom TB screening rule
(i.e., screening for cough of any duration, fever, loss of weight, and night sweats) was
recommended for all enrolees at each clinic visit in the SOC, EC, and EC+X phases, but
implementation was strengthened in the EC and EC+X phases. In all phases, clients were
considered symptomatic if they screened positive for one or more of the four TB
symptoms. In all phases, at least two same-day, on-the-spot (spot) sputum samples were
recommended for collection from symptomatic clients. As part of strengthened ICF in the
EC and EC+X phases, a previously published job-aid was used by study nurses to inform
the patient how to collect quality sputum samples. Prior to the EC phase, laboratory
personnel at the 13 laboratories serving the 22 clusters received refresher training on
Ziehl-Neelsen staining for sputum-smear microscopy and, prior to the EC+X phase,
laboratory personnel were trained for Xpert implementation. In all phases, sputum test
results were returned to the clinics, with clinicians responsible for informing the patients.
In the SOC phase, the patient was informed of a TB diagnosis at the next scheduled clinic
appointment. Inthe EC and EC+X phases, study nurses were trained to work with
laboratories to ensure the turnaround time from sample collection to result return to the
clinic was <4 days for sputum-smear microscopy and <2 days for Xpert testing. In the EC
and EC+X phases, nurses were trained to inform patients of positive TB diagnoses the
same day via phone, or if unreachable by phone, by active tracing to the household.
Indicators monitoring implementation of the ICF cascade were collected and used to
inform supervision visits (see Additional file 3 of Chapter 5, a table summarizing the

indicators)

Per national guidelines, clients >1 day late for an HIV clinic appointment should be traced
through phone and home visit starting the day after the missed visit. However,
programme reports showed this tracing was infrequently implemented in the SOC phase
due to lack of human and financial resources. Implementation of the active tracing policy
was strengthened in the EC and EC+X cohorts. Inthe EC and EC+X phases, a patient
locator form was used to document telephone numbers and home addresses for

intensified tracing activities to support retention. Up to five telephone calls and two
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home visits, facilitated by checklists, were used in attempts to return clients, who had
missed clinic appointments, to care. The key HIV care retention indicator used for
monitoring purposes was the rate of loss to follow-up (LTFU) per 100 person-years (see
Additional file 3 of Chapter 5, a table summarizing the indicators). LTFU was defined as

being >60 days late for a scheduled appointment, per Botswana guidelines.

4.1.9. Primary trial outcome

In XPRES, intensive efforts were implemented to ascertain true mortality outcomes among
trial participants. All-cause mortality was either reported passively to clinics by friends or
family of the decedents or, if a client was considered lost to follow-up, telephonic tracing,
home visits, and if tracing was unsuccessful, review of the national mortality register,
were conducted, with further details provided in Chapter 5 and in the published protocol

(Appendix 1).

4.1.10. Sample size

To estimate power for the comparison of all-cause 6-month mortality in the SOC versus
EC+X cohort, the approach of Moulton et al, suitable for stepped-wedge trial designs, was
chosen because these power estimates were more conservative than those derived from a
pre-post sample size calculation.?®® Per this approach, published formulae for the
comparison of two rates in an unmatched parallel group CRT**3 were adapted to the

stepped-wedge design as follows:

| (c—DEm—n)
B "~|| [ro/¥.+ n /v, + k25 + )]

Zy -z,

where Zp is the standard normal deviate corresponding to the upper tail probability of §
and £ is the probability of a Type Il error; ¢ is the number of clusters (study facilities) per
arm, where, since this is a stepped-wedge trial involving 22 clinics, 22/2 was used;'*° .. is
the estimated true 6-month ART mortality rate in the SOC phase; 1, is the estimated true
mortality rate in the EC+X phase; v, is the average number of person-years per clinic in the

SOC phase, estimated as the average retrospective cohort size per clinic (552) divided by
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two since each patient commits 6 months of follow-up time to the analysis; v. is average
number of person-years per clinic in the intervention phase, conservatively estimated as
the harmonic mean of person-years contributed by each study site in EC+X, again
assuming 6 months of follow-up time per participant;'*° k is the estimated between-
cluster coefficient of variation of the true rates in both the SOC and EC+X phases,
estimated as 0.2;1% Z_ . is the standard normal deviate corresponding to the upper tail

probability of /2 where « is the probability of a Type | error.

Since a log-rank test statistic for intervention effect calculated for a simulated stepped-
wedge trial (Z5,,) will generally always be lower than the corresponding statistic (Z;) for
a parallel group trial, because allocation ratios of patients to intervention or control status
for parallel group trials remain equal while for stepped-wedge trials they are usually
unequal, except at the mid-point of the stepped-wedge design, the z-score in the stepped-
wedge trial formula (Z above) was divided by a published estimate of Zz/Z g, (i.e., 1.2)
prior to extrapolating the z-score to a power estimate.*® Similarly, for Type 1 error of 5%,
instead of assuming a Z_, ;, of 1.96, an inflated estimate of 2.352 was used, per published

precedent.14?

Prior to study start, available data from Botswana suggested that the documented all-
cause early mortality rates in the first 6 months of ART among adults were about 15
deaths per 100 person-years,'>* which was similar to estimates from a meta-analyses of
18 programs in LMIC with active tracing programs (14.7/100 PY).2? Since Botswana data
and available meta-analyses suggested about 40% of deaths among PLHIV were due to
undiagnosed TB or TB diagnosed late, and given that interrupting ART during the first 6
months of therapy by missing clinic appointments increases mortality risk;%”/> it was
considered reasonable that the Xpert package plus the tracing intervention might reduce
mortality by about 40%.1431°¢ To provide >80% power to detect a 240% reduction in all-
cause 6-month ART mortality between the two SOC and EC+X groups, assuming SOC
mortality was >10/100 person-years, a 24-month SOC phase enrolment period (N=12,144)

and an 18 month EC+X phase enrolment period (N=6,348) were chosen.
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Figure 4.4. Power to detect a 40% and 50% difference in all-cause 6-month ART mortality
between SOC and EC+X cohorts over a range of pre-ART SOC mortality rates
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4.1.11. Laboratory procedures

Sputum collection

Implementation of the WHO four-symptom TB screening rule (i.e., screening for cough of
any duration, fever, loss of weight, and night sweats)® was recommended for all enrolees
at each clinic visit in the SOC, EC, and EC+X phases, but implementation was strengthened
in the EC and EC+X phases. Implementation of four-symptom TB screening and all
components of the ICF cascade were strengthened by situating one additional study nurse
at each study facility, additional training for the health facility in ICF cascades, provision of
checklists and job aides, and supportive supervision and mentorship. In all phases, clients
were considered symptomatic if they screened positive for one or more of the four TB

symptoms. In all phases, at least two same-day, on-the-spot (spot) sputum samples were
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recommended for collection from symptomatic clients. As part of strengthened ICF in the
EC and EC+X phases, a previously published job-aid was used by study nurses to inform
the patient how to collect quality sputum samples.*® In addition, where feasible, EC and
EC+X enrolees were asked to return to the clinic on the second day after screening
symptom-positive for TB to provide a morning sputum sample and third on-the-spot

sputum sample primarily to meet other study objectives not covered in this thesis.

Laboratory procedures

Prior to the EC phase, laboratory personnel at the 13 laboratories serving the 22 clusters
received refresher training on Ziehl-Neelsen staining for sputum-smear microscopy and,
prior to the EC+X phase, laboratory personnel were trained for Xpert implementation.
Two spot sputa were sent to the on-site or peripheral district TB lab for: (1) smear
microscopy, and (2) Xpert, if the Xpert device had been activated by that time. The other
sputum samples were sent to the national TB reference lab to meet other study objectives

not covered in this thesis (Appendix 1).

Xpert activation

Training for GeneXpert operators consisted of a three-day curriculum. The training
covered the theoretical basis of the Xpert test, how to operate the instrument,
interpretation of results, troubleshooting, and GeneXpert maintenance (daily, weekly, and
monthly). GeneXpert operators were provided a standard operating procedure (SOP)
manual to serve as a reference for GeneXpert operation. The third day of the training was
hands-on operational training and all trainees had to pass a competency test before
testing patient specimens from study sites. The GeneXpert was initially installed by a local
GeneXpert vendor who provided calibration and maintenance services during the study,

Xpert cartridge sales, and cartridge delivery services.

Air conditioning units were also installed with each GeneXpert to ensure control of room
temperature. Uninterruptible power supply (UPS) systems were installed with each

GeneXpert to ensure sufficient electrical power to allow completion of in-process sample
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analysis during power grid outages. Xpert cartridges were procured through the same
vendor at $18 per cartridge at the time, which included the cost of the cartridge, central

warehousing, and delivery to sites when requested.>’

Turn-around times

In all phases, sputum test results were returned to the clinics, with clinicians responsible
for informing the patients. Inthe SOC phase, the patient was informed of a TB diagnosis
at the next scheduled clinic appointment. In the EC and EC+X phases, study nurses were
trained to work with laboratories to ensure the turnaround time from sample collection to
result return to the clinic was <4 days for sputum-smear microscopy and <2 days for Xpert
testing. In the EC and EC+X phases, nurses were trained to inform patients of positive TB
diagnoses the same day via phone, or if unreachable by phone, by active tracing to the

household.

4.1.12. Data collection and management

Paper trial data collection forms (Appendix 2) were completed by study nurses, evaluated
for completeness and consistency by study nurse supervisors, and then transported
securely to Gaborone CDC Botswana offices, where data were double-entered into Clindex
Clinical Trial Software (Fortress Medical Systems, Inc). The data entry software included
completeness and consistency checks. Missing data and inconsistencies were corrected
where possible through liaison with study nurses at the sites, with corrections made to

paper forms, and corrections signed by both study nurses and study nurse supervisors.

4.1.13. Trial statistical analysis

For the primary outcome analysis, time at risk for ART enrolees started on the day of ART
initiation and ended at 6 months of follow-up after ART initiation, or at the time of death,
LTFU, or transfer out if these events were before 6 months of ART follow-up. Crude and

multivariable Cox proportional hazards regression models, with a random effect for clinic,

were used to assess the effect of intervention status (SOC versus EC+X) on time to death.!®
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Secondary objective analyses were conducted to: (1) compare 12-month ART mortality
between SOC and EC+X phases, and (2) compare 6-month ART mortality rates between
cohorts EC and EC+X.*® For the latter | used analytic methods described by Moulton et al,
fitting Cox proportional hazards models to the data with the underlying time frame being
time since August 2012 (initiation month for the stepped-wedge component of the trial),
fixed effect for intervention arm (Xpert device activation), and a random effect for
clinic.1*® | also implemented several sensitivity analyses to assess robustness of primary
trial findings to different analytic approaches which are described in the trial manuscript

in Chapter 5.

4.1.14. Ethical considerations

Ethical approvals for this study were obtained from the U.S. Centers for Disease Control
and Prevention (CDC) Institutional Review Board (IRB) C, the Health Research and
Development Division of the Health Research and Development Committee (HRDC) in
Botswana, the University of Pennsylvania IRB No.4, and the London School of Hygiene &
Tropical Medicine (LSHTM) Observational/Interventions Research Ethics Committee
(LSHTM ethics reference number: 11779). All ethical approvals are provided as Appendix
3. All consent procedures were approved by the ethical review committees. For the SOC
cohort, a waiver of informed consent for chart abstraction was granted in accordance with
45CFR 46.116 (d). Written informed consent was obtained from all EC and EC+X enrolees.

XPRES is registered at ClinicalTrials.gov (trial registration no. NCT02538952).

4.2. Early ART mortality risk score development

| used data from the EC and EC+X phases of the XPRES trial to derive two clinical scores to
help clinicians identify those at highest risk of early ART mortality and therefore in need of
ART care intensification.!® The first clinical score assumes CD4 is unavailable at ART
initiation (i.e., a CD4-independent score) and the second clinical score assumes CD4 count
is available (i.e., a CD4-dependent score). | considered the XPRES EC and EC+X cohorts as

a single cohort for this analysis because there were no differences in 6-month ART
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mortality or major differences in other cohort characteristics between EC and EC+X phases
as described in Chapter 5. | split the cohort temporally at the mid-point date of ART
initiation and used the first 50% of XPRES EC and EC+X cohort enrolees to derive a
parsimonious, multivariable, logistic regression prognostic model for 6-month all-cause
ART mortality, and the second 50% to internally validate the model.?41%¢ | ysed data from
the TB Fast Track (TBFT) trial in South Africa (SA) to externally validate the derived clinical
scores.'” | then compared screening accuracy in terms of sensitivity, specificity, positive
predictive value (PPV), and negative predictive value (NPV) of the derived clinical scores
with existing WHO eligibility criteria for advanced disease and ART care intensification
(i.e., CD4 <200/uL or WHO stage I11/1V). Full details of the analytic approach are provided

in the manuscript in Chapter 6.

4.3. Development of a risk score for TB among PLHIV

| again used data from the from the EC and EC+X phases of the XPRES trial to derive the TB
clinical score.'® The outcome of interest was prevalent active TB, defined as a new clinical
or microbiological diagnosis of TB within the first 6 months after HIV clinic and XPRES trial
enrolment.'?® In this analysis, | split the XPRES cohort data into 11 southern and 11
northern clinics to serve as an internal derivation and validation datasets, respectively. |
used a geographical split rather than a temporal split because, although there was no
difference in overall new TB case finding between EC (5%) and EC+X (6%) phases, the
percentage of TB diagnoses that were microbiologically confirmed was higher in the EC+X
(65%) than EC (51%) phases. | used two different but complementary modelling
approaches to generate a parsimonious TB clinical risk score comprised of variables easily
available in a resource-constrained clinic setting: (1) logistic regression models, and (2)
random forest machine learning models. Random forest machine learning models are
particularly useful for identifying important non-linear associations between predictors
and outcomes.*?” Having derived the clinical score, | then used data from three other
settings to validate the derived clinical score: (1) prospective cohort data for XPHACTOR
study enrolees from Gauteng province, South Africa, which represents a predominantly
stable, long-term ART population;*?3 (2) trial data from the TB Fast Track (TBFT) trial from
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Gauteng, Limpopo, and North West Provinces in South Africa, which represents a
population with advanced HIV disease not taking ART;!” and (3) prospective cohort data
from the Western Cape, SA, which represents an ART-naive population in a very high TB
incidence setting.*® | compared screening accuracy of our derived clinical scores with
existing WHO TB symptom screening criteria for active TB among PLHIV in each of these

populations.

4.4. Random forest model

A random forest modelling approach, which is a type of machine learning, was used to
supplement the traditional logistic regression approach to score development because of
its relative strength in ability to identify important non-linear relationships between

covariates and categorical outcomes. 2”18
A random forest model is built from many decision trees

The random forest model consists of multiple decision trees that attempt to sequentially

classify data into homogenous groups similar to the figure below (Figure 4.5.).
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Figure 4.5. A decision tree with two nodes with classification informed by covariates x
and y (taken from Zhou et al)*>°

Blue Red

To develop a single decision tree, the best split at each node is assessed by evaluating
which cut-off gives the most homogenous classifications (i.e., lowest Gini impurity or
highest Gini Gain according to published formulae).!> Random forest packages available
in R software (R Core Team (2017). R Foundation for Statistical Computing, Vienna,
Austria) try every possible split to find the split that gives the least Gini impurity or

greatest Gini Gain (Figure 4.6.)

116



Figure 4.6. Example of splits for covariate x tried to evaluate "best" split with lowest
Gini impurity
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In training a decision tree, multiple nodes are formed until it is no longer possible to
further split the homogenous group based on available data. This occurs when all possible
splits are equally good and have a Gini Gain of 0. The “leaves” of the decision tree can

then be classified (e.g., green, red, and blue in Figure 4.5).

Bootstrap aggregating or bagging

A random forest model combines predictions from multiple trees through a process of
sampling with replacement a certain number of training datasets, with each sample
representing a random sample of two-thirds of all observations from the full dataset. A
decision tree is then trained on each sampled dataset as described earlier. This process is
repeated a certain number of times to create a certain number of trees (usually 200-1000
trees).’®® Finally, the predictions from the individual decision trees are aggregated into
either a “majority vote” (if the outcome is categorical like the TB outcome), or an average

(if the outcome is a continuous variable).

Feature bagging
Random forests also have a parameter that controls how many covariates to try when

assessing splits within each decision tree. Random forest software packages include
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algorithms that help modelers identify the right number of covariates (referred to as the
mtry feature in Chapter 7) to randomly select and use for decision tree formation. By
using subsets of the covariates rather than all covariates, this injects randomness that
makes the individual trees more unique and reduces correlations between the trees,
which improves the random forest predictions overall on validation datasets. In this way
random forests are designed to reduce the problem of over-fitting on the training dataset

that is inherent in single decision tree modelling approaches.

Variable importance

A key reason | supplemented standard logistic regression modelling with the random
forest machine learning approach was to understand the importance of each covariate in
its ability to split patients into homogenous groups (i.e., those with TB versus those
without). Random forest models allow this evaluation of variable importance by assessing
the mean decrease in Gini impurity associated with each variable included in a random
forest model. The mean decrease in impurity is the average of a variable’s total decrease
in node impurity, weighted by the proportion of samples reaching that node in each
individual tree in the random forest. Therefore, high mean decrease in Gini indicates
higher variable importance (i.e., the variable was on average important in splitting nodes
into groups that had TB versus did not have TB).1® Further description of this modelling

approach is provided in the methods section of Chapter 7.
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Abstract

Background: Undiagnosed tuberculosis (TB) remains the most common cause of HIV-related mortality. Xpert MTB/
RIF (Xpert) is being rolled out globally to improve TB diagnostic capacity. However, previous Xpert impact trials
have reported that health system weaknesses blunted impact of this improved diagnostic tool. During phased
Xpert rollout in Botswana, we evaluated the impact of a package of interventions comprising (1) additional support
for intensified TB case finding (ICF), (2) active tracing for patients missing clinic appointments to support retention,
and (3) Xpert replacing sputum-smear microscopy, on early (6-month) antiretroviral therapy (ART) mortality.

Methods: At 22 clinics, ART enrollees > 12 years old were eligible for inclusion in three phases: a retrospective standard
of care (SOQ), prospective enhanced care (EC), and prospective EC plus Xpert (EC+X) phase. EC and EC+X phases were
implemented as a stepped-wedge trial. Participants in the EC phase received SOC plus components 1 (strengthened
ICF) and 2 (active tracing) of the intervention package, and participants in the EC+X phase received SOC plus all three
intervention package components. Primary and secondary objectives were to compare all-cause 6-month ART
mortality between SOC and EC+X and between EC and EC+X phases, respectively. We used adjusted analyses,
appropriate for study design, to control for baseline differences in individual-level factors and intra-facility correlation.

Results: We enrolled 14,963 eligible patients: 8980 in SOC, 1768 in EC, and 4215 in EC+X phases. Median age of ART
enrollees was 35 and 64% were female. Median CD4 cell count was lower in SOC than subsequent phases (184/uL in SOC,
246/ul in EC, and 241/ul in EC4+X). By 6 months of ART, 461 (5.3%) of SOC, 54 (3.2%) of EC, and 121 (3.0%) of EC+X enrollees
had died. Compared with SOC, 6-month mortality was lower in the EC+X phase (adjusted hazard ratio, 0.77; 95% confidence
interval, 061-0.97, p = 0.029). Compared with EC enrollees, 6-month mortality was similar among EC+X enrollees.
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Conclusions: Interventions to strengthen ICF and retention were associated with lower early ART mortality. This new
evidence highlights the need to strengthen ICF and retention in many similar settings. Similar to other trials, no additional
mortality benefit of replacing sputum-smear microscopy with Xpert was observed.

Trial registration: Retrospectively registered: ClinicalTrials.gov (NCT02538952)

Keywords: Tuberculosis, Xpert MTB/RIF, Intensified tuberculosis case finding, Mortality

Background

In resource-limited settings, tuberculosis (TB) remains
the most common cause of death among people living
with HIV (PLHIV), including those starting antiretroviral
therapy (ART), and is commonly undiagnosed at the
time of death [1, 2]. Death from undiagnosed TB or TB
diagnosed late is a key reason early (6-month) ART mor-
tality rates remain significantly higher in sub-Saharan
Africa (SSA) than resource-rich settings [2—4]. All data
point towards a critical need to improve TB case finding
among PLHIV starting ART.

In 2011, following World Health Organization (WHO)
endorsement of Xpert MTB/RIF® (Xpert) as the first-line
TB diagnostic test for symptomatic PLHIV [5], the
Botswana Ministry of Health (MOH) and partners initi-
ated planning for a phased national Xpert rollout [6].
Review of available program data for new HIV care
enrollees showed that many components of the intensi-
fied TB case finding (ICF) cascade, especially compliance
with the WHO-recommended 4-symptom TB screening
rule, and early retention in HIV care, should be
strengthened in order for Xpert to have maximum bene-
fit [7]. Weaknesses in the health system that have re-
sulted in poor completion of the TB diagnostic and
treatment cascade and sub-optimal retention in HIV
care, have been cited as important reasons for lack of
observed Xpert impact on PLHIV mortality in similar
settings [8, 9]. Therefore, Botswana used the Xpert roll-
out as an opportunity to strengthen ICF and retention in
early HIV care through rollout of a package of services
[6]. The intervention package has three components: (1)
additional support for ICF, (2) intensified tracing for pa-
tients missing clinic appointments to return them to
care, and (3) Xpert replacing sputum-smear microscopy.

No trial has yet evaluated impact of Xpert combined
with strengthened health systems on mortality [8—10]. We
evaluated impact of the Xpert, ICF, and retention package
versus standard of care on early ART patient mortality.

Methods

Study design

We conducted a multi-center, stepped-wedge cluster
randomized trial (CRT) with a retrospective baseline
component called the Xpert Package Rollout Evaluation
using a Stepped-wedge design (XPRES) trial. A stepped-

wedge rather than parallel group design was chosen be-
cause the Xpert, ICF, and retention package was ex-
pected to be beneficial for patients and the trial was part
of a national rollout [6].

Participants

A cluster was defined as an HIV care and treatment
clinic. Twenty-two clusters, located at five district hospi-
tals and 17 primary healthcare facilities, were purpos-
ively selected to (1) be representative of HIV treatment
clinics in Botswana and (2) have new ART initiation
rates sufficient to meet sample size requirements (see
Additional file 1, providing text on clinic selection cri-
teria). At these 22 clusters, individual patients were eli-
gible for study enrollment if they were new HIV clinic
attendees, regardless of TB treatment status, and not
prisoners at the time of the first HIV clinic visit. The
study aimed to enroll or offer enrollment to all eligible
HIV clinic attendees in three consecutive phases: (1) a
retrospective standard of care (SOC) phase, (2) a pro-
spective enhanced care (EC) phase, and (3) a prospective
EC plus Xpert (EC+X) phase (Fig. 1). For this pre-
defined protocol analysis, only those study enrollees who
newly started ART at or after study enrollment and were
> 12 years old at ART initiation were included [6].

Randomization and masking

The selected 22 clusters received TB diagnostic services
from 13 laboratories (Fig. 1). Because some of the study
clinics used the same TB diagnostic laboratory, full
Xpert, ICF, and retention package activation was
planned to be simultaneous for these clinic consortiums
(Fig. 1). After obtaining ethical approvals and agreement
to participate in the study from MOH at a central level
and MOH management at the selected facilities, the
study statistician randomly selected one of the rollout
permutations [6].

Procedures

At the 22 clusters, per Botswana national guidelines dur-
ing the time period of the study (July 2010 through June
2015), all study participants in all phases were eligible for
ART initiation if they had a CD4 count <350 cells/uL,
were diagnosed as having WHO stage III/IV, or were
pregnant or breastfeeding [11]. All study participants
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Fig. 1 Study design for the Xpert Package Rollout Evaluation using a Stepped-wedge design (XPRES). Abbreviations: SOC, standard of care phase;

received clinical care and follow-up appointments accord-
ing to MOH guidelines (see Additional file 2, a table sum-
marizing standard clinical care follow-up).

Standard of care phase

Enrollment in the retrospective SOC phase was through
chart abstraction of eligible adult patients who started
ART between July 2010 and the end of July 2012 (Fig. 1)
[6]. The SOC phase enrollees received HIV care accord-
ing to national guidelines, limited ICF, infrequent active
tracing due to resource limitations, and sputum-smear
microscopy for presumptive TB patients.

Intervention phases EC and EC+X

Prospective EC enrollment started in August 2012 and
was complete by January 2013. Prospective EC+X enroll-
ment occurred from October 2012 through March 2014
according to the stepped-wedge design (Fig. 1). EC phase
participants received SOC supplemented by two compo-
nents of the Xpert, ICF, and retention package (i.e., add-
itional support for ICF and intensified tracing) combined
with sputum-smear microscopy. EC+X phase partici-
pants received SOC supplemented by all three compo-
nents of the Xpert, ICF, and retention package (i.e.,
additional support for ICF, intensified tracing, and Xpert
in place of sputum-smear microscopy). All interventions
were activated at the cluster-level for the benefit of all
clients receiving care at the clinicc EC and EC+X

participants were followed for 12 months, or until the
end of TB treatment, whichever was later. The final
follow-up visits for EC+X enrollees were in June 2015.

Interventions

The ICF and active tracing interventions were strength-
ened through four key mechanisms: (1) additional human
resources (study nurses) to support implementation, (2)
additional training for clinic and laboratory personnel, (3)
use of checklists and job aids to standardize implementa-
tion, and (4) regular supervisory visits to track adherence
to ICF and tracing checklists.

ICF intervention

Implementation of the WHO 4-symptom TB screening
rule (i.e., screening for cough of any duration, fever, loss
of weight, and night sweats) [12] was recommended for
all enrollees at each clinic visit in the SOC, EC, and
EC+X phases, but implementation was strengthened in
the EC and EC+X phases. In all phases, clients were con-
sidered symptomatic if they screened positive for one or
more of the four TB symptoms. In all phases, at least
two same-day, on-the-spot (spot) sputum samples were
recommended for collection from symptomatic clients.
As part of strengthened ICF in the EC and EC+X phases,
a previously published job-aid was used by study nurses
to inform the patient how to collect quality sputum sam-
ples [6]. Prior to the EC phase, laboratory personnel at
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the 13 laboratories serving the 22 clusters received re-
fresher training on Ziehl-Neelsen staining for sputum-
smear microscopy, and prior to the EC+X phase, labora-
tory personnel were trained for Xpert implementation.
In all phases, sputum test results were returned to the
clinics, with clinicians responsible for informing the pa-
tients. In the SOC phase, the patient was informed of a
TB diagnosis at the next scheduled clinic appointment.
In the EC and EC+X phases, study nurses were trained
to work with laboratories to ensure the turnaround time
from sample collection to result return to the clinic was
<4 days for sputum-smear microscopy and <2 days for
Xpert testing. In the EC and EC+X phases, nurses were
trained to inform patients of positive TB diagnoses the
same day via phone, or if unreachable by phone, by ac-
tive tracing to the household. Indicators monitoring im-
plementation of the ICF cascade were collected and used
to inform supervision visits (see Additional file 3, a table
summarizing the indicators) [7].

Active tracing intervention

Per national guidelines, clients > 1 day late for an HIV
clinic appointment should be traced through phone and
home visit starting the day after the missed visit. How-
ever, program reports showed this tracing was infre-
quently implemented in the SOC phase due to lack of
human and financial resources. Implementation of the
active tracing policy was strengthened in the EC and
EC+X cohorts. In the EC and EC+X phases, a patient lo-
cator form was used to document telephone numbers
and home addresses for intensified tracing activities to
support retention. Up to five telephone calls and two
home visits, facilitated by checklists, were used in at-
tempts to return clients, who had missed clinic appoint-
ments, to care. The key HIV care retention indicator
used for monitoring purposes was the rate of loss to
follow-up (LTFU) per 100 person-years (see Additional
file 3, a table summarizing the indicators). LTFU was de-
fined as being > 60days late for a scheduled appoint-
ment, per Botswana guidelines.

Objectives and outcomes
The study had two primary objectives. The primary ob-
jective reported here is the non-randomized comparison
of all-cause 6-month ART mortality among adult ART
enrollees (>12years old) between the SOC and EC+X
phases [6]. The second primary objective, which aimed to
compare diagnostic sensitivity of the new Xpert-based TB
diagnostic algorithm with that of the sputum-smear-
microcopy-based algorithm, will be reported separately ac-
cording to diagnostic accuracy study reporting guidelines.
Secondary objectives reported in this paper include (1)
the comparison of 12-month ART mortality between SOC
and EC+X phases and (2), within the randomized
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stepped-wedge trial, the comparison of all-cause, adult, 6-
month ART mortality between the EC and EC+X phases.

We implemented intensive efforts to ascertain true
mortality outcomes among participants. Deaths and date
of death were either passively reported to the clinic by
friends or relatives of the deceased participant, or ac-
tively ascertained if the client had missed an appoint-
ment or was considered LTFU [13]. Initial efforts to
ascertain outcomes of clients who missed an appoint-
ment or were LTFU included phone outreach to the cli-
ent or contact and home visits. For participants in the
SOC phase, these efforts started after data entry was
complete which was always > 12 months after ART initi-
ation. In the EC and EC+X phases, this outreach started
immediately after the missed appointment, in an attempt
to return the client to care. For all clients unreachable
by phone or home visit who met the LTFU definition,
vital status was ascertained through national Death
Registry review. By law, since 1969, all deaths need to be
registered in the Death Registry, which is maintained by
the Civil and National Registration Office.

Sample size

As described previously [6], to obtain conservative sam-
ple size estimates, we used the approach of Moulton
et al, suitable for stepped-wedge trial designs, to esti-
mate required sample sizes to meet the primary study
objective comparing 6-month ART mortality rates be-
tween SOC and EC+X phases [14]. Funding limitations
restricted the number of clinics that could be included
in the study to 22. A between-cluster coefficient of vari-
ation of 0.2 was used based on review of the literature of
similar stepped-wedge trials [14]. Monthly HIV clinic
(cluster) size was derived from reported program ART
enrollment rates in the SOC phase and varied between
clinics (average, 23 ART enrollees/month; range, 8—46/
month). Prior to study start, available data from
Botswana suggested that all-cause, adult, 6-month ART
mortality rates were about 15 deaths per 100 person-
years [3, 15]. To provide >80% power to detect a >40%
reduction in all-cause 6-month ART mortality between
the two groups, assuming SOC mortality was > 10/100
person-years, a 24-month SOC phase enrollment period
(N=12,144) and an 18 month EC+X phase enrollment
period (N = 6348) were chosen.

Statistical analysis

For the primary outcome analysis, time at risk for ART
enrollees started on the day of ART initiation and ended
at 6 months of follow-up after ART initiation, or at the
time of death, LTFU, or transfer out if these events were
before 6 months of ART follow-up. Crude and multivari-
able Cox proportional hazards regression models, with a
random effect for clinic, were used to assess the effect of
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intervention status (SOC vs EC+X) on time to death [6].
Per a pre-specified analysis plan, age at ART initiation,
sex, pregnancy status, and baseline CD4 count were a
priori covariates to be included in the multivariable
model. Hemoglobin at ART initiation [16], ART regimen
[17], and weight at ART initiation [16] were included in
the multivariable model because of their importance as
predictors of mortality in this and other analyses.

Pre-specified secondary analyses were conducted to
(1) compare 12-month ART mortality between SOC
and EC+X phases and (2) compare 6-month ART
mortality rates between cohorts EC and EC+X [6].
For the latter, we used analytic methods described by
Moulton et al, fitting Cox proportional hazards
models to the data with the underlying time frame
being time since August 2012 (initiation month for
the stepped-wedge component of the trial), fixed ef-
fect for intervention arm (Xpert device activation),
and a random effect for clinic [14]. The proportional-
ity assumption was checked using visual methods and
the Grambsch and Therneau test.

Per the pre-specified analysis plan, plausible interac-
tions between the intervention effect and other covari-
ates, including CD4 count at ART initiation, were
examined by comparing models with and without inter-
actions using the likelihood ratio test. Per the pre-
specified analysis plan, the primary time-to-event ana-
lytic approaches comparing SOC versus EC+X and EC
versus EC+X mortality rates assigned follow-up time to
the phase in which the participant started ART because
the interventions were expected to have maximum im-
pact around the time of ART initiation. However, two
pre-specified sensitivity analyses of this approach were
planned. The first sensitivity analysis censors follow-up
time for ART enrollees at the time of cross-over be-
tween phases, while the second assigns follow-up time
to contemporary intervention phases when cross-over
occurs, through use of a time-dependent covariate [18].
In addition, per a third pre-specified sensitivity analysis,
an inverse probability weighting approach was used to
account for non-enrollment in the EC and EC+X phases
of the study. Separate adjusted logistic regression models
for hospital versus clinic enrollees were used to predict
the probability of being enrolled in the study. Patients
consenting to enrollment were up-weighted by the in-
verse of the calculated enrollment probability. An ad-
justed logistic regression approach was used to estimate
inverse probability weights to lower the likelihood of
bias given the possibility of non-random enrollment in
the EC and EC+X phases [19]. All analyses were con-
ducted using STATA 14 or 16 (StataCorp, 2009, Stata
Statistical Software, Release 14 and 16, College Station,
TX). XPRES is registered at ClinicalTrials.gov (trial
registration no. NCT02538952).
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Results

Enrollment

Across the 22 study clinics, there were 528 months of
enrollment in the SOC phase (mean 24/clinic), 120
months in the EC phase (mean 5.5/clinic), and 299
months of enrollment in the EC+X phase (mean 13.6
months/clinic) (Fig. 2). All 10,047 eligible patients for
the SOC phase were enrolled. Among the 2703 and
5834 patients eligible for the EC and EC+X phases, re-
spectively, 1794 (66%) and 4247 (73%) consented to en-
rollment. The main reason eligible clients were not
enrolled prospectively is that they left the clinic before
they could be offered enrollment. The demographic and
clinical characteristics of clients consenting to enroll-
ment were very similar to the characteristics of clients
not enrolled (see Additional file 4, a table comparing
characteristics of those enrolled versus not enrolled).
We excluded from this analysis patients who transferred
into the clinic on ART (n = 1067), were < 12 years old at
ART initiation (n=22), or did not start ART during
follow-up (n =36) (Fig. 2). In total, 8980, 1768, and 4215
patients were included in the SOC, EC, and EC+X
phases for analysis, respectively.

Baseline characteristics

Among all study enrollees included in the analysis, me-
dian age was 35 (interquartile range (IQR) 29-42) at
ART initiation and the percentage female was 64% and
these characteristics were similar between phases
(Table 1). Among female enrollees, the percentage who
were pregnant at the time of ART initiation was lower
in the SOC phase (16%) than EC (23%) and EC+X (32%)
phases. Among all enrollees, median weight (58.4 kg)
and median hemoglobin (11.7 g/dL) were similar be-
tween phases. However, median CD4 count at ART ini-
tiation was lower in the SOC phase (184 cells/uL) than
in the EC (246 cells/pL) and EC+X (241 cells/pL) phases.
In addition, the percentage of enrollees with mild or
moderate anemia per WHO criteria was higher in the
SOC phase (56%) than EC (48%) and EC+X phases
(46%). Tenofovir (combined with lamivudine or emtrici-
tabine and efavirenz or nevirapine) was less commonly
prescribed as first-line ART in the SOC (78%) compared
with the EC (93%) and EC+X (96%) phases.

Primary outcome: 6-month ART mortality in SOC versus
EC+X

By 6 months after ART initiation, 461 (5.3%) of enrollees
in the SOC phase had died compared with 121 (3.0%) of
enrollees in the EC+X phase. Six-month ART mortality
rates were 11.4 deaths per 100 person-years in the SOC
phase versus 6.3 deaths per 100 person-years in the
EC+X phase (Table 2). Compared with the SOC phase,
6-month mortality was lower in the EC+X phase in
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22 HIV Care and Treatment Clinics (Clusters) ‘
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Standard of Care (SOC) Phase
528 clinic-months of enroliment.
Mean: 24 months/cluster of enroliment.

Enhanced Care (EC)
120 clinic-months of enroliment.
Mean: 5.5 months/cluster of enrollment.

Enhanced Care plus Xpert (EC + X)
299 clinic-months of enrollment.
Mean: 13.6 months/cluster of enrollment

.

I

I

10,047 records eligible
Mean: 457/cluster

2,703 patients eligible for enrollment
Mean: 123/cluster

5,834 patients eligible for enrollment
Mean: 265/cluster

—PI 909 not enrolled

—4 1,587 not enrolled

10,047 records abstracted
Mean: 457 /cluster

1,794 enrolled
Mean: 82/cluster

4,247 enrolled
Mean: 193/cluster

Excluded from analysis:
*1,067 excluded because
transferred into clinic on ART

Excluded from analysis:
*8 excluded because age <12

18 excluded; did not start ART

Excluded from analysis:
*14 excluded because age <12
+18 excluded; did not start ART

8,980 records included in analysis
Mean: 408/cluster

At 6-months:

8,125 (90%) Alive on ART

*461 (5%) Died within 6 months
28 (<1%) Lost to follow-up

*366 (4%) Transferred out

1,768 records included in analysis
Mean: 80/cluster

At 6-months:

1,594 (90%) Alive on ART

*54 (3%) Died within 6 months
*0 (0%) Lost to follow-up

0120 (7%) Transferred out

4,215 records included in analysis
Mean: 192/cluster

At 6-months:

3,641 (86%) Alive on ART

121 (3%) Died within 6 months
*1 (<1%) Lost to follow-up

*452 (11%) Transferred out

Fig. 2 Trial profile

unadjusted analysis (hazard ratio (HR) 0.58, 95% CI
0.48-0.71, p <0.001) (Fig. 3, Table 2). After controlling
for potential confounders, including age, sex, pregnancy
status, weight, CD4 count, hemoglobin, and ART regi-
men, 6-month mortality remained lower in the EC+X
phase compared with the SOC phase (adjusted HR, 0.77,
95% CI 0.61-0.97, p = 0.029).

Intervention effect size was similar across CD4 strata
(see Additional file 5, a figure showing cumulative mor-
tality incidence stratified by CD4 count at ART initi-
ation). In addition, effect size was robust to sensitivity
analyses that censored follow-up time at the time of
transition between phases or assigned follow-up time to
contemporary intervention phases using a time-
dependent covariate (see Additional file 6, a table show-
ing these sensitivity analyses). Effect size was robust to
sensitivity analysis using an inverse probability weighting
approach to account for non-enrollment in EC and
EC+X phases (see Additional file 7, a table showing
these sensitivity analyses).

Secondary outcomes: 12-month ART mortality in SOC
versus EC+X

By 12 months after ART initiation, 551 (6.5%) of SOC
versus 137 (3.7%) of EC+X phase enrollees had died.
Twelve-month mortality rates were 7.3/100 person-years
in the SOC versus 4.6/100 person-years in the EC+X

phase. Compared with the SOC phase, 12-month mor-
tality was lower in the EC+X phase in both unadjusted
(HR 0.58, 95% CI 0.48-0.70, p <0.001) and adjusted
(AHR 0.76, 95% CI 0.61-0.95, p=0.014) analyses
(Table 2). Intervention effect size was robust to sensi-
tivity analyses (see Additional files 6 and 7, tables
showing sensitivity analyses).

Secondary outcomes: 6-month ART mortality in EC versus
EC+X

By 6 months of ART follow-up among ART enrollees
in the EC phase, 54 (3.2%) of enrollees had died. Six-
month mortality rates were similar between the EC
(6.5/100 person-years) and EC+X phases (6.3/100
person-years) in both unadjusted and adjusted pre-
specified analyses (AHR 1.13, 95% CI, 0.63-2.03),
where all follow-up time was assigned to the phase in
which the patient started ART (Table 2). In sensitivity
analyses comparing EC vs. EC+X 6-month mortality
rates, the AHR was 0.90 (95% CI 0.42—-1.95) when EC
enrollee follow-up time was censored at the time of
EC+X cross-cover, and 0.79 (95% CI 0.41-1.50) when
EC enrollee follow-up time in the EC+X phase was
assigned to the EC+X phase using a time-dependent
variable (see Additional file 6, a table showing sensi-
tivity analyses).
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Table 1 Demographic and clinical characteristics of XPRES participants at antiretroviral therapy initiation

SOC EC EC+X
(N =8980) (N=1768) (N=4215)
n %/median (IQR) n %/median (IQR) n %/median (IQR)
Age (years)®
n, median, (IQR) 8969 35 (30-43) 1768 34 (29-42) 4215 34 (29-41)
Gender
Female 5624 63% 1194 68% 2797 66%
If female, pregnant?
Yes 927 16% 271 23% 903 32%
Weight (kg)°
Median (IQR) 8351 57.9 (50.5-66.6) 1765 586 (51.3-67.8) 4209 594 (52.5-68.7)
Weight (kg)
<45kg 871 10% 160 9% 318 8%
45-60 kg 3971 48% 817 46% 1910 45%
>60kg 3509 42% 788 45% 1981 47%
Baseline CD4 (cells/uL)
Median (IQR) 8675 184 (100-241) 1765 246 (148-310) 4180 241 (132-321)
Baseline CD4 (cells/uL)
<50 1061 12% 132 7% 370 9%
50 to <100 1109 13% 161 9% 371 9%
100 to <200 2660 31% 366 21% 928 22%
200 to < 350 3456 40% 947 54% 1928 46%
350 to <500 246 3% 93 5% 334 8%
2500 143 2% 66 4% 249 6%
Baseline hemoglobin (g/dL)®
Median (IQR) 7869 11.5 (10.0-13.0) 1678 119 (104-13.3) 3911 12.0 (106-13.3)
Hemoglobin category®
Severe anemia 426 5% 68 4% 109 3%
Mild/moderate anemia 4399 56% 805 48% 1810 46%
No anemia 3044 39% 805 48% 1992 51%
TB treatment at ART initiation
Yes 423 5% 85 5% 251 6%
Regimenf
TDF/XTC/EFV or NVP 6998 78% 1615 93% 4000 96%
AZT/3TC/EFV or NVP 1045 12% 94 5% 107 3%
D4T/3TC/EFV or NVP 151 2% 2 0% 4 0%
Other 784 9% 26 1% 54 1%

Abbreviations: SOC standard of care phase, EC enhanced care phase, EC+X enhanced care plus Xpert phase, /QR interquartile range, TDF tenofovir, XTC either
lamivudine or emtricitabine, EFV efavirenz, NVP nevirapine, dd/ didanosine, ABC abacavir, LPV/r lopinavir/ritonavir, AZT zidovudine, 3TC lamivudine, D4T stavudine
211 ART enrollees in the SOC cohort had unknown age but were documented to be adult in the ART chart

629 (7%), 2 (0.2%), and 6 (0.1%) had missing weights at ART initiation in the SOC, EC, and EC+X phases, respectively

€305 (3%), 3 (0.2%), and 35 (0.8%) had missing CD4 in the SOC, EC, and EC+X phases, respectively. For each enrollee, the CD4 count taken closest to the date of
ART initiation in the 12 months before ART start was used

41111 (12%), 90 (5%), and 304 (7.2%) had missing hemoglobin in the SOC, EC, and EC+X phases, respectively. For each enrollee, the hemoglobin taken closest to
the date of ART initiation in the 12 months before ART start was used

€Anemia severity was classified according to World Health Organization criteria as follows: no anemia, hemoglobin level of > 13.0 g/dL for men, >12.0 g/dL for
non-pregnant females, and > 11.0 g/dL for pregnant females; mild/moderate anemia, 8.0 to < 13.0 g/dL for men, 8.0 to < 12.0 g/dL for non-pregnant women, and
7.0 to < 11.0 g/dL for pregnant women; and severe anemia, < 8.0 g/dL for males and non-pregnant females and < 7.0 g/dL for pregnant women

f2 (0%), 31 (2%), and 50 (1%) had missing ART regimen in the SOC, EC, and EC+X phases, respectively
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Table 2 Primary and secondary study outcomes—comparison of mortality rates between study phases
ART enrollees Deaths (n)® Rate/100PY® Crude HR® (95% Cl) p AHR (95% Cl) p

Primary outcome: 6-month ART mortality in SOC versus EC+X phase

SOC 8980 461 114 1.00 - - 1.00 - -

EC+X 4215 121 6.3 0.58 (0.48-0.71) <0.001 0.77 (061-0.97) 0.029
Secondary outcomes: 12-month ART mortality in SOC versus EC+X phase

SOC 8980 551 7.3 1.00 - - 1.00 - -

EC+X 4215 137 46 0.58 (0.48-0.70) <0.001 0.76 (061-0.95) 0.014
6-month ART mortality in EC versus EC+X phase®

EC 1768 54 6.5 1.00 1.00

EC+X 4215 121 6.3 1.07 (0.62-1.84) 0.800 1.13 (0.63-2.03) 0.690

Abbreviations: SOC standard of care phase, EC enhanced care phase, EC+X enhanced care plus Xpert phase, PY person-years, HR hazard ratio, AHR adjusted hazard
ratio, Cl confidence interval, XPRES Xpert Package Rollout Evaluation using a Stepped-Wedge design

“Represents deaths observed among all ART enrollees by the time point specified

PRepresents unadjusted 6- and 12-month ART mortality rates among all ART enrollees in each phase of the study. For mortality rates among ART enrollees
included in the adjusted analyses, see Additional file 6

All Cox proportional hazards regression models included a random effect for clinic

4Adjusted for the following characteristics at ART initiation: age, sex, pregnancy status, weight, CD4 count, hemoglobin, and ART regimen. Adjusted analysis
comparing SOC versus EC+X mortality rates included 7184 SOC enrollees with 350 deaths within 6 months and 424 deaths within 12 months, and 3861 EC+X
enrollees with 93 deaths within 6 months and 108 deaths within 12 months

€Analysis restricted to randomized stepped-wedge portion of the trial, fitting a Cox proportional hazards regression model to the data with the underlying time
frame beginning August 2012 (the start of EC enrollment), and including a fixed effect for monthly changes in mortality rates during the first 6 months of ART.
Adjusted analysis comparing EC versus EC+X mortality rates included 1653 EC enrollees with 43 deaths within 6 months and 3861 EC+X enrollees with 93 deaths
within 6 months

TB screening and diagnosis

Among SOC, EC, and EC+X phase enrollees respect-
ively, 359 (4%), 44 (2%), and 122 (3%) were diagnosed
with TB and had started TB treatment prior to arrival at
the HIV treatment clinic. Therefore, in the SOC, EC,
and EC+X phases, 8621, 1724, and 4093 patients were
eligible for TB symptom screening before ART initiation.

Among these patients eligible for TB symptom screening
before ART initiation in the SOC, EC, and EC+X phases,
1700 (20%), 1724 (100%), and 4093 (100%) were
screened for at least one TB symptom and 1243 (14%),
1724 (100%), and 4093 (100%) were screened for all four
TB symptoms, respectively (Fig. 4). Within the SOC
phase, ART enrollees were more likely to be screened

o
P. -
o SOC
EC
EC+X
‘ém
To
o O
=
o
Q -
O T T T T T T
0 1 2 3 4 5 6
Time (Months since ART initiation)
Number at risk
SOC 8980 8520 8238 8023 7824 7664 7502
EC 1768 1717 1685 1657 1621 1597 1573
EC+X 4215 4079 3948 3839 3713 3610 3322
Fig. 3 Kaplan-Meier curves showing cumulative 6-month mortality among ART enrollees in SOC, EC, and EC+X phases
(.
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Fig. 4 Intensified TB case finding (ICF) cascade among ART enrollees in SOC, EC, and EC+X phases. Abbreviations: SOC, standard of care phase,
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for at least one TB symptom if they had lower weight
and lower CD4 count at ART initiation (see Add-
itional file 8, a table showing predictors of being
screened for TB in the SOC cohort).

Among SOC, EC, and EC+X enrollees eligible for
screening, 525 (6%), 514 (30%), and 1249 (31%) screened
positive for at least one TB symptom and 199 (2%), 237
(14%), and 688 (17%) provided a sputum sample for TB
diagnosis (Fig. 4). Ultimately, 129 (1%), 86 (5%), and 244
(6%) enrollees in the SOC, EC, and EC+X phases were
newly diagnosed with TB and started TB treatment be-
fore ART initiation or during the first 6 months of ART.
The number of pulmonary TB diagnoses in the SOC
(n=123), EC (n=68), and EC+X (n=198) phases that
were confirmed microbiologically was 22 (18%), 35
(51%), and 129 (65%), respectively (Table 3).

Early ART LTFU

By 6 months after ART initiation, cumulative LTFU inci-
dence, uncorrected by subsequent mortality ascertain-
ment efforts, in the SOC, EC, and EC+X phases, was 4%,
1%, and 1%, respectively (see Additional file 9, a table
summarizing these cumulative LTFU incidence percent-
ages). Compared with 6-month LTFU rates in the SOC
phase (8.3/100 person-years), rates of 6-month LTFU
were lower in the EC (1.2/100 person-years) and EC+X
(1.6/100 person-years) phases in both unadjusted and

adjusted analyses (see Additional file 10, a table compar-
ing LTFU rates between SOC, EC, and EC+X phases).

Discussion

In Botswana, compared with SOC, interventions to
strengthen WHO-recommended TB symptom screening
and ICF algorithms combined with active tracing to sup-
port retention were associated with increased TB case
finding and lower early ART mortality. No additional
mortality benefit of replacing sputum-smear microscopy
with Xpert was observed.

Although implementation of the WHO-recommended
4-symptom TB screening rule as the first step in ICF al-
gorithms among PLHIV starting ART has been recom-
mended since 2011 along with TB-HIV care continuum
retention interventions including active tracing [20], no
study has yet reported on the potential impact on mor-
tality of strengthening systems to implement these
guidelines [7]. Although the observed reduction in all-
cause mortality between SOC and subsequent EC and
EC+X phases represents a pre- versus post-comparison,
rather than a randomized comparison, and is therefore
at risk of residual confounding, the study has a number
of strengths that suggest ICF and retention interventions
did independently contribute to observed mortality
impact. Firstly, the reduction in all-cause mortality
remained statistically significant after adjusting for key
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Table 3 Methods of new TB diagnosis immediately before ART and in the first 6 months of ART in the SOC, EC, and EC+X phases of

XPRES
SOC phase EC phase EC+X phase
n % n % n %
Pulmonary TB
Microbiologically confirmed pulmonary TB (smear microscopy in SOC and EC, Xpert during EC+X) 22 18 23 34 113 57
Microbiologically confirmed pulmonary TB through culture® (missing or negative smear and Xpert) 0 0 12 18 16 8
Clinical diagnosis of pulmonary TB with negative sputum test (negative smear, Xpert, or culture documented) 6° 5 6 9 170 9
Clinical diagnosis of pulmonary TB with no documented sputum test result 95 77 27 40 52° 26

Sub-total pulmonary TB

All TB
Pulmonary TB total
Extra-pulmonary TB total

Total

123 100 68 100 198 100

123 95 68 79 198 81
6 5 18 21 46 19
129 100 86 100 244 100

Abbreviations: SOC standard of care, EC enhanced care, EC+X enhanced care plus Xpert, TB tuberculosis, XPRES Xpert Package Rollout Evaluation using a

Stepped-wedge design

*To meet other study objectives related to estimation of diagnostic accuracy of the smear microscopy-based and Xpert-based TB diagnostic algorithms, one spot
sputum and the morning sputum were sent to the National TB Reference Laboratory (NTRL) for liquid culture in mycobacteria growth indicator tubes (MGIT). The
liquid culture results were also returned to the clinics, although average turnaround times exceeding 49 days were expected per existing standard of care

b5 (83%) of 6 had documentation that x-ray findings were suggestive of pulmonary TB

€13 (14%) of 95 had documentation that x-ray findings were suggestive of pulmonary TB

43 (50%) of 6 had documentation that x-ray findings were suggestive of pulmonary TB

€16 (59%) of 27 had documentation that x-ray findings were suggestive of pulmonary TB

f8 (47%) of 17 had documentation that x-ray findings were suggestive of pulmonary TB

920 (38%) of 52 had documentation that x-ray findings were suggestive of pulmonary TB

covariates. Secondly, the improvements in TB screening,
TB case finding, and uncorrected LTFU rates between
SOC and subsequent EC and EC+X phases were large,
providing credence that these interventions were a driver
behind observed mortality reductions. Thirdly, very high
ascertainment of the primary early ART mortality out-
come improves ability to interpret observed mortality
changes. Fourthly, the intervention effect size and statis-
tical significance were robust to several sensitivity ana-
lyses. Therefore, these findings represent important
additional evidence in support of current WHO ICF and
retention guidelines, and support continued or add-
itional investment from donors to strengthen health sys-
tems to implement these guidelines for all HIV clinic
enrollees [9].

Although it was widely anticipated that introduction of
the new more sensitive TB diagnostic test (Xpert) in
place of sputum-smear microscopy would independently
reduce mortality among PLHIV, this study and six of the
seven previously reported Xpert impact trials have not
observed any independent impact of Xpert versus
sputum-smear microscopy on mortality [8, 21]. In the
one trial that did observe Xpert impact on mortality, the
mortality benefit was restricted to clients with advanced
HIV disease (WHO stage III/IV) [21]. Furthermore, pro-
gram data have clearly shown that leaks in the ICF cas-
cade before a TB diagnostic test is implemented,
especially failure to implement the WHO-recommended
4-symptom TB screen, may be largely responsible for

unacceptably high rates of mortality due to undiagnosed
TB among PLHIV engaged in care in sub-Saharan Africa
[22, 23].

Per WHO guidelines, screening for the four TB symp-
toms (i.e, current cough, weight loss, night sweats, or
fever) should occur at every clinical care encounter for
PLHIV as the initial step in ICF to improve detection
and treatment of HIV-associated TB [20]. The recom-
mendation is based on a high sensitivity of the 4-
symptom screening rule (89.4%) in detecting culture-
positive pulmonary TB disease among ART-naive
PLHIV [24]. However, low compliance in implementing
the 4-symptom TB screen at or prior to ART initiation
has been consistently observed in many high burden
TB-HIV countries in sub-Saharan Africa, including
South Africa (59%) [23], Mozambique (61%) [25], Kenya
(4%) [26], and Cote d’Ivoire (36%) [22]. Similarly, in
XPRES, failure to implement TB screening before ART
was the most “leaky” part of the ICF cascade in the SOC
phase, with only 30% screened before ART. Improving
the coverage of TB symptom screening from 30% in the
SOC to 100% in the EC and EC+X phases was the main
driver behind improved TB case detection from 1% in
SOC to 5-6% in EC and EC+X phases and therefore ap-
pears to have been a key driver behind the declines in
early ART mortality between SOC and subsequent EC
and EC+X phases.

Reasons for low compliance with TB screening proto-
cols in the SOC phase are not well understood, but
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could have related to high patient load making health-
care workers more likely to omit key steps in care algo-
rithms, inadequate training and knowledge of the
guidelines, or deficiencies in monitoring and evaluation
[27]. In the SOC phase, having more advanced disease at
ART initiation (i.e., having a lower weight and CD4
count) was associated with higher odds of being
screened for TB, suggesting that healthcare workers
were triaging the clients to receive TB screening based
on perception of disease stage. This finding might fit
with a clinic experiencing high patient volume and
HCW’s rushing through patient consultations in order
to complete their clinical duties within available business
hours. Our intervention of providing additional nurses
to implement the TB screening, additional training, and
additional supervision increased the percentage of ART
enrollees screened for TB from 30% to 100%.

Notably, although the percentage of enrollees screen-
ing positive for >1 TB symptom who provided > 1 spu-
tum sample increased from 38% in the SOC phase to
46% and 55% in the EC and EC+X phases, respectively,
collection of sputum samples remained a challenge even
in the EC phases. This low compliance with sputum col-
lection guidelines has been observed in multiple settings
[23, 27], with potential reasons being patient hesitance
to provide a sputum sample for stigma-related reasons,
true inability to provide a sputum sample, and HCW-
related reasons such as feeling overloaded, or lack of
confidence in the laboratory sample transport and diag-
nostic system [23]. Further research and interventions to
improve this component of the cascade are needed. In
addition, this finding supports calls for improved
sputum-independent diagnostic tests for TB.

A key reason that prior Xpert impact trials have gener-
ally not observed independent Xpert impact on mortality
is that higher rates of empiric TB treatment among cli-
ents with TB symptoms but a negative sputum-smear
microscopy result replaced any potential benefit of
Xpert's improved diagnostic sensitivity in detecting
culture-positive TB [28, 29]. Similarly in our study, al-
though Xpert implementation was the driver behind in-
creased microbiological confirmation of TB diagnoses in
the EC+X versus EC phase (65% vs. 51%), there was no
significant difference in percentage of ART enrollees
newly treated for TB (6% vs. 5%). However, as reported
previously, Xpert was the driver behind reduced median
time from sputum collection to TB treatment in the
EC+X phase (6 days) versus the EC phase (22 days) [30].
Although no independent effect of Xpert on 6-month
mortality was observed in our study, two features of the
study suggest, similar to findings of a recent meta-
analysis of Xpert impact trials [31], that we cannot confi-
dently rule out the possibility of modest independent
Xpert impact: (1) our study was not powered to detect a
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difference between EC and EC+X 6-month mortality
and (2) the sensitivity analyses comparing EC vs. EC+X
6-month mortality rates generated AHRs of 0.90 (p =
0.793) and 0.79 (p =0.472), which could possibly point
to a modest Xpert impact our study was under-powered
to detect.

In ART programs in resource-limited settings, ob-
served LTFU from early ART is common, with an aver-
age of 20% LTFU by 12 months of follow-up [32, 33].
Mortality rates among LTFU ART patients are high [33].
The percentage of LTFU clients found to have died by
the time of tracing ranges from 20 to 60% [13, 33]. In
our study, 41% of patients LTFU in the first 6 months of
ART in the SOC phase had died by 6 months of follow-
up. Accumulating data show that among LTFU patients
who have died by the time of tracing, mortality rates are
highest shortly after the last clinic visit, the majority (>
90%) die from illness rather than other causes (e.g.,
trauma), and the majority had some opportunity for
clinical intervention at the last visit [33]. In addition, six
previous trials, which aimed to evaluate Xpert impact on
patient-important outcomes, have reported that LTFU
of patients with bacteriologically confirmed TB, either
before or during TB treatment, almost certainly reduces
the potential impact of improved TB case finding on
mortality [8].

The reductions in LTFU achieved in EC and EC+X
phases compared with the SOC phase are likely due to a
combination of factors, including the strengthened tra-
cing intervention, additional training and nurses, and
possibly reduced incidence of missed visits due to inter-
current illness from undiagnosed TB [34]. The intensi-
fied tracing intervention might be particularly helpful in
maintaining a personalized partnership with clients
struggling with adherence to clinic visit schedules for a
variety of reasons to ensure minimal interruption in
ART pill taking [34]. These data support the underlying
principle that supportive services to retain patients in
HIV care are an essential component of both the ICF
and HIV treatment cascade.

The absence of an interaction between CD4 count at
ART initiation and intervention package effect size sug-
gests that ICF and retention interventions could be im-
portant for all new HIV clinic enrollees, not just those
with advanced disease as defined by WHO (CD4 count
<200 copies/ml) [35]. Therefore, although median CD4
count at ART initiation is increasing in many countries,
including Botswana [36], with most countries having
adopted WHO universal HIV treatment guidelines, these
data support current WHO recommendations that high-
quality implementation of ICF and retention interven-
tions remains important for HIV clinic enrollees.

This study has a number of strengths and limitations.
Strengths include the large sample size, accurate
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ascertainment of the primary mortality outcome, and
implementation in a real-world programmatic setting,
which improves generalizability of findings. Limitations
include the fact that the primary objective relies on an
adjusted pre-post analysis that is subject to residual con-
founding, and that data from the SOC phase were col-
lected retrospectively. In the SOC phase, TB screening
or sputum sample collection may sometimes have been
implemented but not documented. While retrospective
data collection in the SOC phase increases the likelihood
of missing covariate data, it also ensures that the type of
care received by clients in the SOC phase truly repre-
sents the care provided prior to implementation of the
EC and EC+X interventions. While EC and EC+X phases
were of different duration, our study results show good
compliance with ICF algorithm implementation and im-
pressive active tracing impact on LTFU throughout EC
and EC+X phases, indicating no discernable lag time
needed for these interventions to reach maximum po-
tential. In addition, good implementation of Xpert in the
EC+X phase is evidenced by the increase in the percent-
age of TB cases that were microbiologically confirmed in
EC+X versus EC phases, and in the shorter time from
sputum collection to TB treatment in EC+X versus EC
phases, with these results consistent with several prior
Xpert impact trials [8]. Notably, while these data support
effectiveness of the ICF and retention intervention in re-
ducing early ART mortality, future economic evaluation
would be needed to explore cost-effectiveness.

Conclusions

In summary, a health system strengthening intervention
to improve compliance with WHO-recommended TB
symptom screening and ICF algorithms, combined with
active tracing to support retention of HIV and HIV-TB
co-infected patients in care through the early period of
ART, was associated with significant reductions in early
ART mortality and should be considered for scale-up. In
addition, similar to most other trials of Xpert impact on
mortality, replacing sputum-smear microscopy with
Xpert was not associated with a mortality reduction.
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