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Abstract

This thesis investigates active TB case finding and antiretroviral therapy for
tuberculosis control in a setting with high HIV prevalence in Cape Town, South
Africa. Many countries in sub-Saharan Africa have seen a worsening tuberculosis
epidemic since the 1990s. Rising tuberculosis incidence rates have largely been
attributed to high HIV prevalence in this region. Conventional tuberculosis control
efforts focus on passive case finding and high cure rates in smear-positive patients,
achieved through short course chemotherapy. These control strategies are
insufficient in controlling the tuberculosis epidemic where HIV prevalence is high.
Additional control strategies have been proposed, including active tuberculosis

case finding, isoniazid preventive therapy for HIV infected individuals, infection

control and antiretroviral therapy.

The feasibility, uptake, yield, treatment outcomes and costs of population-based
active tuberculosis case finding are investigated in the first part of the thesis. The
second part determines losses along the HIV care pathway, community

antiretroviral coverage and the association between coverage and tuberculosis

risk.

The main finding is that population-based active tuberculosis case finding linked to
a mobile HIV testing service had a high uptake and yield. Treatment outcomes in
patients diagnosed through active case finding were as good as outcomes in
patients diagnosed through passive case finding in primary care clinics in Cape

Town. Costs were USD 1,177 per TB case diagnosed and USD 2,458 per



successfully treated TB case, in an incremental costing analysis adopting a health

service provider perspective.

Analysis of the HIV care pathway in a peri-urban impoverished settlement in the
greater area of Cape Town highlighted substantial losses along the pathway
between HIV diagnosis and antiretroviral therapy. These results illustrate the
operational challenges in achieving high treatment coverage. Antiretroviral
coverage in this community increased from 18% in 2004 to 84% in 2009.
Increasing antiretroviral coverage was associated with decreasing tuberculosis
risk among patients receiving antiretroviral therapy, even controlled for time-

updated CD4 count, suggesting an effect on transmission, not just on individual

risk reduction.

The impact of active tuberculosis case finding and antiretroviral therapy on
tuberculosis incidence on a population level was beyond the scope of this thesis.
Large scale cluster randomized controlled trials are needed to investigate the
effect of these strategies on tuberculosis control. In the meantime researchers
conducting active tuberculosis case finding studies should be encouraged to collect
data on treatment outcomes and costs. In addition further interventions are
needed to increase retention and linkage to care in individuals prior to initiating

antiretroviral therapy.



Table of Content

LIST OF TABLES ........ccioeeeiiimiiemnnnnnssessssssccsssseressssnsessessssssssssessssssssasassansssssresssrensssss 8
LIST OF FIGURES ......ccoceeinieennnnnnmnnnnecsssssscsscenessnnnsssnnsssrssssssssssssssssssssssessnssnsasssasssssase 9
LIST OF PUBLICATIONS.......cccceeeernnenes cerasssssrranssennsessannne cessassansenssasnannessnsesssserneessss 10
LIST OF ACRONYMS........... cerrnssesensasssanansessannns cerenssssrananes cenessrannscerns ceesssssnrnnes B & §
ACKNOWLEDGEMENTS ....ccovviiiiirernaecssesseresssescssssssescecssasasssssssssssersssssssnsasesssssssenee 12
1  INTRODUCTION....cccevverrrereirrareecssessssnesscssasescccssasnnssesessasassssessnsasssssessssssnsnnsss 13
1.2 BACKGROUND ....ccceiuiirrerireresnressssessssaeassneenssesssssosssessssneessssesssssssssessssnssasssssers 13
1.2 ACTIVE (INTENSIFIED) TUBERCULOSIS CASE FINDING..ccoverereeresrererveesseesssuessssecsssnesssnss 16
1.3 ANTIRETROVIRAL THERAPY FOR TUBERCULOSIS CONTROL ....uvvvverrreeeessunsensessenssnasessannne 17
1.4 REFERENCES....ciitiiiiiisneeiiisissisesensssecsissnesessnsssssssesesssssssssnsssesasssnsseasessassnssssosssns 18
PART |: ACTIVE TB CASE FINDING .....cccoeeeeiniennnrrcrsensansescessssnnssssseersssssssasassssssssenss 23
2 STUDY QUESTION PART L...cccciirnnrrnnnnnenrsrsessssscscssasssssnsasssssssssseossesssssassssssssanes 24
3 LITERATURE REVIEW: ACTIVE TB CASE FINDING.......ccccceeeensncnrcncessassncesssssssnne 26
4 PILOT STUDY: ACTIVE TB CASE FINDING IN COMMUNITY HEALTH
WORKERS ....ccuuieiieennniiiiennnnesssnnnnercsicsnssrsscstassssssssstsnssssesssassssnsssssssssssnsssssnsane 37
5 FEASIBILITY STUDY: SPUTUM INDUCTION USING A HUMAN POWERED
NEBULISER ..c.coreuruiirintntniiniesenecssstssnnesssosssnsssssssssssssssssssssssssssassssssssss esensoree 40
6 FEASIBILITY, YIELD AND COST OF AN ACTIVE TB CASE FINDING
PROGRAM LINKED TO A MOBILE HIV TESTING SERVICE IN CAPE TOWN,
SOUTH AFRICA ..........ccooovrremrnninnanraecssssssscssssnsnee ceersrerscesrarneesssenans cevsssceraneenanns 47
6.1  INTRODUCTION ....coiiivieieeeeeeiineeeeeeesscnnneetesseesseessneasesessessnnnnsesnanrassressessssssnnes 47
6.2 IMIETHODS...ccouuueeiiiinniiisssnnsisssssnsssssssssssssnnssssssssnsssssssssesessssssessanasssssssesessstessasans 48
6.2.1  SELUNG.....covnmeecreirrvrrererceeerrarersrerssssensisesorassisessesssssorssessesesssrsssssssansesersessssnenass 48
6.2.2  MODbile CliniC ProCEAUIES ..........ccouvvceeeevecererirreeisinseressesssreressssesssessssssessssssnntns 49
6.2.3  SHUAY PrOCEAUIES .........oceveiirvrreerrrrreesreressssssesssessesessisssesssessssosesssessessssssssessses 49
6.2.4  SCrEEMING........ccorveiireenirirrsrerieruecracersssssssssesssesesssessessssssesssssssssssssnassstssosassssrssssas 49
6.2.5  DESINILIONS.......ccceoeeveerirrerriierresrierireseinsesissecssssesssssessessssesssssessassossosssssssssssasses 58
6.2.6  COSE ANAIYSIS......eccesrveeerecririenrersrersrssriisssssssessssesissssosssesssssssessossssasssessssanssssasns 59
6.2.7  Measure Of €ffeCtiVeNEss.............ccoeeeeveervvvvrvirnriresisssiseessesessinesssssssssssssessesses 60
6.2.8  Screening strategy and SensitivVity GNAIYSIS................covveerererrrireessssssessasaesses 60
6.2.9  StQUSEICAI ANAIYSIS.......ccvvvirerveririreriecrirrisisssecssesisssseseesessessrsssssssossessessessanssssses 61
6.2.10  ELRICS SLQLEMENL .......ccvvverereeeerererrrreerecsinenisseessessesesessersssssssssssssisassssnsssassses 61
6.3 RESULTS ..uiiiiiiiiiitiiiiesniinnneenieses e ssesnesstssnssnsssessessessesssessensrsessesssssssssosesss ssnes 61
6.3.1  Operation@l data....................ccovvveerserseeivrrereesnissessossossessssessessessonsssssssssssssas 61
6.3.2  UPLaKE Of TB SCrEENING..........c..coveeeeeeeeeeereeeverirrssersersesssesvessssessessersensasesssssssson 62
6.3.3  BASeliNE CRAIACTEFISHICS.........cccvvrveeresvrrevrssereressoresssssssesessossressonsssosensssssssssansnss 64
6.3.4  Yield Of TB SCrE@NING ...........cocourvsueeeereeeerrseeersarsssessasessssssssssssssssssssssnsassssssssans 68
6.3.5 (D4 counts and WHO symptom screens in HIV infected individuals .............. 69
6.3.6  Contact rates, treatment initiation and treatment OUtCOMES............coverveenss 70

6.3.7  Costs and cost effectiveness



6.3.8  SeNSItIVILY QNAIYSIS .......ooceeeeerevrreeeerersreeisssresissrrssssssssssssressiesssssnesssssesserasss 74
6.4 DISCUSSION ...ocerirnnrerrineeeieiiseesesiesessisresesssseessesssesssssesessssasesssssessarasssssnsssssssssoss 74
6.5 REFERENCES.....ciccuuireruersrueesirersneessseesssnesssnnessnsesssassssassersesssansessesssassssessonesssssons 80
PART I1: ANTIRETROVIRAL THERAPY ....ccovtuieriiniennescncenensescsssstcssssssecsssssssssssssssssss 85
7  STUDY QUESTION PART ll.c.ccciiiemmmeniincinnanecsssisesserssssecsssssssesssnessrsssssssensassssenss 86
8 LITERATURE REVIEW: LOSSES ALONG THE HIV CARE PATHWAY ...... SR - ¥
8.1 ABSTRACT...utieeiriiiirereeiserinneeessessnennesessesonsnnssensestssssasanssssorssneesssssssnnsenssnsesssssans 89
8.2 INTRODUCTION ...ereveeirreeesrnresvessieessssessinesnssnnssssssssnnsessssessssessssassssesansesessassansasss 90
8.3 LOSSES ALONG THE PATHWAY ...ccoeiivuunnieeeisrrnieeeciissersssseereesssssassssseessssssssssssnsssssanes 93
8.3.1  HIV EESEING....c.cueeeeeeriiesiiresiresireeneeessieesssessseeesssssssseessssssssssssssssissssssssssssessesssens 93
8.4 PRE-ART CARE ...ccoueeerrenreieieieeeesisranesssaneseessaessssssssessnsssnesssssnsssenssesssnassssasanesses 95
8.4.1  AssesSment Of ART @lGIDIlIty .........cuueevvvviueeceeeeseeieceeiieereasiseseessssvessessaressanss 95
7.4.2  Proportion of individuals eligible fOr ART .........eeeeevesvecrveesurereessessssessasesons 96
8.4.3  Pre-ART care prior t0 ART eligibility..........c.ueueeeeeeeveeeerevieeresveesrreessessreseseeenes 97
8.4.4  INILIALION OF ART coeeeeeeereeeteeeessvsssvseesssessesssesssersssnsssssenssssssessssssssenasnnens 98
8.5  ART CARE...ciiiirerrrnireeestiiiinneeeeeisssesssaneeessssssssessssssssnsnsssssssssssssnsassasssssanasssssnns 106
8.5.1  Cumulative losses along the pathway ..............coeeeeecviisviisensiorserccisressnnenns 108
8.6 INTERVENTIONS .uuuureeieiiiiiiineeniiiississsassessssissssssaessosssssenssesosssssnsansssssssnsanssssns 110
8.7  CONCLUSION ..coitiiinittieeeeeiicciettenessssssnneessssssesssssssesssesessnnansessssssssssssssssersnsnnones 115
8.8  REFERENCES ....ettiiieieenriiriuieeesaneeesssnseasssssesssssnnsessrsssesesssnnsessssensssnsassssssssssssens 116
8.9  WEB APPENDIX: IMETHODS. ....cccvuiiirenecrnnecnsescssensssieesssaesssssesssssnssssnssessosssssssssess 129
8.9.1  Search strategy and data GDSLIACES............ceovuvevvrvueereereeeiirresisrreesssssesssssses 129
8.9.2  DALA QNAIYSIS.......oceeeeeeeeeeseeeeeieeeiecrseireeesseesressssseesesssesesssessessessessasssnsnasssans 130
9  HIVTEST UPTAKE .....ccocieireennerecnnienencseniessnsscssesescscsasssessessessssssssssnsensssssssassee 133
10 LINKAGE BETWEEN TESTING AND HIV/ART CARE............. cressssenane ceesssesses .. 140
11 TREATMENT INTERRUPTION — SYSTEMATIC REVIEW.......cccceennnnnes cosessnessnasnee 147
12 TREATMENT INTERRUPTION IN A SOUTH AFRICAN ART COHORT ..ccceteeee00ees 165
13 TIME-UPDATED CD4 ANALYSIS ....ccceveeeccennnn cessnsssnnsasans cssssnessssassanesess veseesenss 173
13,1 ABSTRACT...ciiiicrerrireresrsssersssressnsessseressessnaneesssssessesssesssssseasenensissetssssssasssssnsssnss 175
13.2 INTRODUCTION ..uuuvrrunnrrennernnersssessersuseaensessrsssssessssesessesssrenssssessesssesssssssssrssssssaes 176
13.3 METHODS. ....cotiiiimrrriccnnreiscnenssssnnessesensessssssasesessssessessnnassssssessssssanssssssaasenns 177
13.3.1  DALA COMECLION..............oceeeeeeeeecveeriereeecrrrerereseesssessreerssassssnesessssssstsssnssssnarsenas 177
13.3.2 Definition Of StUdY VATIADIES ............cververeerrvirersreramserseessessssassssssessssssssssssssss 178
13.3.3 Time-updated CD4 COUNL ...........ccuvueeurrerveerievecsesresesessssssssmssesisasssesssssersassnes 178
13.3.4 Newly generated dalasets..............coivvvreervereeereessniessssssssossssisssssesessrssasssnses 180
13.3.5  StAtiStiCQl QNAIYSIS.....c..ccveerevrevrieirrereeirisenressessessssenssssssssssssssssssasssssasssesssieses 180
13.3.6 Simulated CDA4+ dataset...............cccevrerereerverveersessssssnssssasssssssesesssssssssasssnnes 180
13.3.7  EtRICAI @PPIOVAI ........c.uoveeeevecrireereeciisesresssssssssssessssssssssosssassssssssessssssssasseses 181
13.3.8  Lit@ratUre rVIBW...........cverevvrirerreresrssierisissossssssessersssesssessnssissssssssssassssssenss 182
13,4 RESULTS ..couiiiiiuieinrinrrereeeeissessensesessereesssnssssssssesnssesssasssssassosessesnessossssssonses 182
13.4.1 TBincidence and hazard ratios by time-updated CD4+ count using
CliniCal CONOIE AALQ .............covvevreeercrrrrecreniisrereesesesssssssssesssessssssssssnsasssssssses 182



13.4.3 TB rates using Simulated data .............ccccoeeevieeeveeervesssveesverisserisessessssecssssssns 185

13.4.4  LiterQtUrIE FOVIBW..........eeeeeeeeecerreveeeeeerireiieeeeesssssssssssesssesresssessssssesssnssnassunteses 186
13.5 DISCUSSION ..ccvreiiriieeiiiiiiissesiisresesseesessereeesssesseesssssssnssssssssansssesssesnsessessesssssans 188
13,0 REFERENCES . ..iiiieeueeerirereetnieereesrensesesereenssssesessssnisosessssssessrsrsssnsssesensnnsnssasssnnnns 191

14 ASSOCIATION BETWEEN TB RISK AND ART COVERAGE IN A SOUTH
AFRICAN ART coHoRT PO IPPIINORINNONRRINOIINI0N O RINNOOORRORERROIRRRINRRRINNOIRRRPIRRERRRIRERONS 195

14.1 INTRODUCTION woeiirieciruererissecsisnissssssonsseesssesssnnnenseesssssssssnssesssersnssaessasssssessssssss 195
L14.2 IMIETHODS. ..ucireieeereieeeiereeieeeessssssrrssssesneessaenersrseseteeseesssssessssssssssssssssssnsssssssaseses 196
14.2.1  StUY COMMUNILY ....veevreeeeriecriecriecerestvvissssessvesssesesssessssssassssssesstesssssssunssnns 196
14.2.2  ART COROIL c..eeeeeeeeereeeeeseeettees e sasessssssssessssessssssssssssssssssssansssnersessnes 197
14.2.3  CD4 COUNES coneeeeeeeevseeenieececeereeecrrsseesessssesssesessseeesssssssesssnessssssssssssessssnnesses 197
14.2.4 Number of patients in care by calendar period..................ccveveeevuevvverenscveens 198
14.2.5 INCIAENE TB .......eeeeeeeeveeecresevreecsssseveseraesssesssessessanessesssssssasssssssessensnsenees 198
14.2.6 ART coverage using mathematical modelling .............ooueeeeueevvevcveneceeeccnns 198
14.2.7 ART coverage in the community in 2010 ...........cceeeeeeevvreunsnressncsessesressunanes 199
14.2.8  ANGIYSIS ettt e eetev e s s vt s e sare s e e e saes et e s e aesssreesaatsn 200
J8.3 RESULTS ..uuuuiirnieeenuestiitiitnnenneneesansessiassssnssssessssnsnssenssonsssssensessssstssssasssssssnnannnnne 201
14.3.1 Baseline characteristics and retention in Care............cccocevveeesirsvrsesressrnnnes 201
14.3.2 CD4 count distribution in the ART cohort by calendar year................ccocueue. 203
14.3.3 ART coverage in the COMMUNILY ..........ccocvreerereererivessinssmsseniessorssssanssnsones 204
14.3.4 TBincidence in the ART COROIL ...........ccovverienreenirneiorsisssssssessissssssssssennesiases 205
14.3.5 Association between TB risk in the ART cohort and ART coverage in

TRE COMIMUIILY «eeveecreerrerereirrecsesisesiseenseesisssssesssesseessessnssssssesssessssssesssasssssssns 206

14.4 DISCUSSION ..ecoivrreeieiraneeniessnessesnssssissssesssssassseseessassessssnsssssnsseressassssssasssssssnens 207
14.5 REFERENCES..cciitiueeissrinreeressnrerasnnsssiosssessessaessessssssanessssresssssnsssessrsasssssansssossaes 211
15 CONCLUSIONS.....ccuvveererececissssnsnsscsssssssssssnsssscsscssssssasansessssssssasnssssssssssssssnsess 14
15.1 IMAINFINDINGS ...coveeerrrrerersrsnrrsrevesnseeecesssessessessossenmeesssresssessensessssssssssssssssssnnse 214
15.2 LIMITATIONS .....oeeeereeeeeiieisessnsescossssianstsnsssssssissssssassnnansssessassasssssssssnsasasssssssnns 216
15.3 FUTURE RESEARCH — COMMUNITY-BASED ACTIVE TB CASE FINDING ...covieernnnnnreressnnns 217
15.4 FUTURE RESEARCH — ANTIRETROVIRAL THERAPY ...ciiiiirrnneeenisisssssnnensassssssnanneneesanes 219
15.5 CONCLUDING REMARKS ...cceervurerasssssssessessessnsssssnssssesssssassssssssssssessssanassasssnnssnnss 220



List of Tables

Table 6.1: Baseline characteristics for clients eligible for the study stratified by

SCTEENINE .uveeieciriireesirieesiiresissriesssineeestaesesesessessansessrasssebsssassanenassnnes sesssssss 63
Table 6.2: Socio-demographic and clinical characteristics and health seeking

behaviour among those undergoing SCreening ........ccocceveevieiienecinneneniesieenns 65
Table 6.3 Tuberculosis prevalence in patients submitting a sputum sample ............. 69
Table 6.4: Contact rates and treatment success in patients diagnosed with

BUDEICUIOSIS cevvieeeeeeecieeeeciite et certte e e e e e e esrre e e s srasaessaneesesssnesessssenssssbsnnnnsns 71
Table 6.5: Outcomes, costs and cost-effectiveness indicators for tuberculosis

oL £ =11 1 1] T ORI 73
Table 8.1: Data from population-based surveys (source: World Health

Organization, Towards Universal Access: Scaling up priority HIV/AIDS

interventions in the health sector Progress Report 2010).........ccoceeuernnnnnes 95
Table 8.2: Proportions of patients with newly diagnosed HIV infection who

complete assessment of eligibility for antiretroviral therapy (ART).......... 100
Table 8.3: Proportions of individuals with new HIV diagnoses who are eligible

for antiretroviral therapy (ART) ....ccoceeveeiiierniennnennessiennesnennnnnssssessssssess 102
Table 8.4: Retention in care of individuals not yet eligible for antiretroviral

therapy (ART) i s iiassssasssesaessnssnsssssssassssssses s 103
Table 8.5: Proportions of HIV-infected individuals assessed as eligible for

antiretroviral therapy (ART) who start treatment..........cccocenvnnnnneniennnnns 104
Table 8.6: Interventions to increase HIV diagnosis and engagement of patients

in pre-ART HIV care and to reduce losses to follow-up throughout the

CaAr PAtRWAY ..ot et sre s e s saessssn e e s ssabese s b as s s e e e 112
Table 8.7: Comprehensive HIV Care.......cceiinniininiiseniimmimmsemiimssmssoe 115
Table 8.8: SEAICh Strat@gY......cccvvvevveeriiereeniireneeereeesnssenesesesssnssssessesssssesinssansisssssassss 131
Table 13.1: Person-time, rates of tuberculosis and hazard ratios for tuberculosis

using clinical cohort data and different methods to estimate the time-

point of change of CD4+ COURt .....coccvieiiiiiiiinninierne e 184
Table 13.2: Estimated area under the CD4+ count curve using simulated data and

different methods to estimate the time-point of change of CD4+

COUNL ...eeeeeereceernirrrennssessseressesnnesessensesenesssstsssssassssnsnssssssnassssssassssnsssnstssssansns 185
Table 13.3: Estimated rates of tuberculosis using simulated data and different

methods to estimate the time-point of change of CD4+ count................. 186
Table 13.4: Studies conducting analysis using time-updated CD4+ ..........cccovvevreienrnen 187
Table 14.1: Adult residents ever receiving ART (2004-2009) (N=1444) ................c0en. 202
Table 14.2: CD4 count distribution in the ART cohort by calendar year...........co.eceucee. 204
Table 14.3: Effect of ART coverage on TB FiSK .......ccccverveerernnereennsersiesssessessissnssessassnens 207



List of Figures

Figure 1.1:

Figure 2.1:

Figure 6.1:
Figure 6.2:
Figure 6.3:
Figure 6.4:
Figure 7.1:
Figure 8.1:
Figure 8.2:

Figure 8.3:
Figure 13.1:
Figure 14.1:

Figure 14.2:
Figure 14.3:

TB notification rates in sub-Saharan African countries with high HIV

prevalence (>5%) from 1990-2009 .........ccceevreeeerireneiccnnnessnsessssserssnassnnne 13
Map of Cape Town indicating the main areas in which the mobile

SEIVICES OPEIALEA. ....ccvvierereerieiirreieeerereersnesrreesar e s beesanessssesssssssnssssnes oon 25
Procedures and patient flow in the mobile clinic.......cccvveeerivvceeeiiininneenen, 50
Pictures showing the different procedures in the mobile service ............ 50
Flowchart of individuals participating in the study ........ccccccecervrvcrienenne. 63
Losses between tuberculosis diagnosis to treatment completion............ 72
Map of the study community, Masiphumelele...........ccccovevviininiinnnnannen. 86
The HIV Care PathWay .......cccuveiceeiiieeecieeeeecreeeereevnesesae s sesssseesnssesessssen 92
Cumulative losses along the HIV care pathway as reported by cross-
sectional studies addressing each step in the pathway. .........ccccneeeee. 109
Flowchart of papers included in the review .........ccoceeveiveeeninneeniiiinnnne 132

lllustration of the three different methods of modelling CD4+ count....179

Cumulative number of adults in the ART cohort who were dead, lost

to follow-up and transferred-out by calendar year..........ccceevvveneicnenns 203
CD4 count distribution in the ART cohort by calendar year.................... 204
ART coverage estimates derived from a mathematical model............... 206



List of Publications

Yield of HIV-associated tuberculosis during intensified case finding in
resource-limited settings: a systematic review and meta-analysis...........ccccrecrveuee 26

Community health care workers in South Africa are at increased risk for
BUDEICUIOSIS . .ciiiiieecictcese et s sa e s e 37

Quality of induced sputum using a human-powered nebuliser in a mobile
human immunodeficiency virus testing service in South Africa........coceeeveviereennn. 40

Quantifying losses from the care pathway for people living with HIV infection
in sub-Saharan Africa: @ SyStemMatiC FEVIEW .......ccccvveveiirinresieeeriinieeesesseeeesssoressnesas 87

High prevalence of self-reported undiagnosed HIV despite high coverage of
HIV testing: a cross-sectional population based sero-survey in South Africa....... 133

Linkage to HIV Care and Antiretroviral Therapy in Cape Town, South Africa ....... 140

Unstructured treatment interruption of antiretroviral therapy in clinical
Practice: @ SYSTEMALIC FEVIEW.....ccuvuveiiiirerienireeninierennnnerssnesssssseesssssnsssssenessesssaens 147

Treatment Interruption in a Primary Care Antiretroviral Therapy Program in
South Africa: Cohort Analysis of Trends and Risk FActors .........ccceceevereereeeerisneneens 165

Antiretroviral treatment cohort analysis using time-updated CD4 counts:
assessment of bias with different analytic methods............ccocvvevenveirecnrnnenennnns 173

10



List of acronyms

AIDS
ANC
ART
AUC
CD4

cl
DOTS
HR
IQR
NHLS
NIH
NNS
PITC
PMTCT
PY

TB

TI
UNAIDS
WHO

Acquired immune deficiency syndrome
Antenatal care

Antiretroviral therapy

Area under the curve

CD4+ lymphocyte

Confidence interval

Directly observed short course

Hazard ratio

Inter-quartile range

National Health Laboratory Services

National Institutes of Health

Number needed to screen

Provider-initiated HIV testing and counselling
Prevention of mother-to-child transmission
Person-years

Tuberculosis

Treatment interruption

United Nations Joint Programme on HIV/AIDS
World Health Organisation

11



Acknowledgements

I wish to express my sincere appreciation to my supervisors Dr. Stephen Lawn and

Professor Robin Wood for their support and guidance during the entire period of
my PhD.

I thank the Wellcome Trust for sponsoring my PhD training and field work and
Professor David Mabey, the director of the program for this opportunity. I am
indebted to Professor Linda-Gail Bekker, Professor Judith Glynn, Dr. James Lewis,
Dr. Richard White, Dr. Leigh Johnson, Dr. Anna Vassal and Gesine Meyer-Rath for
the tremendous assistance they gave as my advisors. I also wish to thank Eleanor

Martens and Tamara Hurst for all their practical and operational support.

I would like to thank my friends and colleagues Jacky Saul, Dr. Victoria Johnston,
Dr. Lisa Frigati, Dr. Nienke van Schaik, Darshini Govindasamy, Dr. Nathan Ford, Dr.

Rashida Ferrand and Bill Corner.

I reserve my deepest appreciation for all participants, the Tutu Tester team and

field workers, Eudoxia Raditlhalo, Shandre Malan and the clinic and hospital staff.

My heartfelt thanks and gratitude go to all the members of my family, my parents

and my sister.

12



1 Introduction

1.2  Background

Estimated tuberculosis (TB) incidence in countries in sub-Saharan Africa increased
from 171 per 100,000 population in 1990 to 345 per 100,000 population in 2009.
Increases in TB incidence have been most pronounced in countries with high HIV
prevalence where TB notification rates have increased 2- to 5-fold since 1990
(Figure 1.1) [1, 2]. HIV is thought to be the key driver of the TB epidemic in those
countries. While TB notification rates are still increasing in some African countries
with high HIV prevalence such as South Africa and Swaziland, they have started to

decline in other countries like Malawi, Zambia and Uganda.

Figure 1.1: TB notification rates in sub-Saharan African countries with high
HIV prevalence (>5%) from 1990-2009
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Data source: Global Tuberculosis Control (2010) Geneva, Switzerland: World Health Organization.
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South Africa ranks 4th among the 22 highest TB burden countries in the world and
has the worst HIV and TB epidemics in the world with a national HIV prevalence of
18.1% and a TB incidence of 970 per 100,000 population in 2009 {1, 2]. TB
notification rates have risen 3-fold over the last 30 years and yearly TB mortality
rates have increased by 2.8 times from 1996 to 2006 [1, 2]. Historically the
Western Cape Province always had the highest TB notification rates in South Africa
and has only recently been overtaken by KwaZulu Natal Province [1, 3]. TB
notification rates in Cape Town varied between 399 per 100,000 population in
Mitchell’s Plain and 1122 per 100,000 population in Khaylitsha in 2003 [4]. Sub-
district variations are mainly due to variations in HIV prevalence and levels of
deprivations [5-8]. TB notification rates as high as 2,000 per 100,000 population
have been reported in one of Cape Town’s peri-urban townships where adult HIV

prevalence was 23% in 2010 [9-11].

The World Health Organization (WHO) directly observed short-course (DOTS)
strategy, which relies on a process of passive TB case finding, has been the key TB
control strategy globally over the past 15 years. DOTS has been a remarkable
success story and resulted in improved TB control in many settings. However, it
has failed to do so in countries with HIV-associated epidemics in sub-Saharan
Africa [2]. In recognition of this challenge, the WHO and the Stop TB Partnership
recommend additional interventions to reduce the burden of TB in people living
with HIV: scale-up of antiretroviral therapy (ART) and the WHO ‘three I's strategy’
(intensified case finding, isoniazid preventive therapy and infection control) [12,

13]. The Global Plan to STOP TB 2011-2015 recognizes these four interventions in
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addition to the DOTS strategy as key interventions to prevent HIV-associated TB

[14].

The implementation of the three I's has seen limited success. The estimated
percentage of HIV positive people who were screened for TB increased from 0.6%
in 2005 to only 5.2% in 2009 [15]. A total of 60,509 HIV positive individuals in
Africa received 6 months of isoniazid preventive therapy in 2009, which was less
than 1% of the population living with HIV on the African continent at that time
[15]. A meta-analysis of placebo-controlled trials showed that isoniazid preventive
therapy in HIV-infected patients conferred an overall risk reduction of 33% [16].
However, benefit was only observed among patients who tested tuberculin skin test
(TST) positive. A major programmatic obstacle to implementation has been the
necessity to rule out active TB and to assess TST status before initiating isoniazid
preventive therapy [17-19]. Thus even though policy recommendations for the use
of isoniazid preventive therapy have been made years ago, national rollout has
only been attempted in Botswana [18]. Isoniazid preventive therapy for HIV-
infected individuals is not the standard of care in governmental health care clinics
and therefore few HIV infected individuals benefit from this intervention. In
contrast roll-out of ART hés been much more successful, with almost 4 million
people having initiated ART by the end of 2009 [15]. However, due to low HIV test
uptake and losses along the pathway between HIV testing and ART treatment [20],

ART coverage was estimated to be only 40% in sub-Saharan Africa in 2009 15, 21,

22).
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ART and isoniazid preventive therapy have been shown to reduce TB risk
substantially in HIV infected individuals [16, 23, 24]. Studies from South Africa,
Brazil and Botswana suggest a synergistic effect of the sequential or concurrent
use of ART and isoniazid preventive therapy [24-27]. The benefit of intensified TB
case finding and infection control seems intuitive, but so far no study has shown an

effect on morbidity, mortality or transmission of Mycobacterium tuberculosis in

HIV infected individuals.

Ideally one would hope that these additional control measures have an effect
beyond the individual effect. While reduction of TB associated morbidity and
mortality in HIV infected individuals is a worthwhile endeavour, TB control
ultimately aims to reduce Mycobacterium tuberculosis transmission in the
population. As such the three I's strategy targeting HIV infected individuals only,
with ART accessible only to HIV infected individuals with advanced stage HIV
disease might have limited impact even when implemented at scale [18, 28].
Therefore, community-based strategies including HIV negative individuals, higher

ART coverage and ART initiation at earlier stage of HIV disease need to be explored

to tackle the HIV/TB epidemic.

1.2  Active (intensified) tuberculosis case finding

Population-based surveys in sub-Saharan Africa have found a prevalence of 0.7-
1.6% of previously undiagnosed culture-positive TB and 0.2-0.8% of previously
undiagnosed smear-positive TB [22, 29-37]. Delays in TB diagnosis are multi-
factorial and due to (i) patients not seeking health care, (ii) health care staff failing

to identify the patient as a TB suspect and (iii) delays in receiving results of
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diagnostic tests [38]. Community-based active TB case finding tries to address
these delays by providing easily accessible services. A recent community-based TB
case finding trial from Zimbabwe provided valuable evidence that active TB case

finding can have a positive impact on TB control in a community with high HIV

prevalence [39].

The first part of this thesis concentrates on active TB case finding in high HIV
prevalence settings. This includes a literature review and the results of a study
investigating the feasibility, acceptability, yield and cost of community-based
active TB case finding linked to a mobile HIV testing service in communities with

high HIV prevalence.

1.3  Antiretroviral therapy for tuberculosis control

Mathematical modelling suggests that ART, as currently implemented, may have
limited impact on TB control on a population level [40]. However observational
data from South Africa and Malawi showed decreasing TB notification rates
following the scale-up of ART [9, 41]. These studies have several limitations.
Uncontrolled before-and-after comparisons are vulnerable to coincidental time
trends such as increased migration and changes in reporting systems. The South
African study chose 2005 as the baseline comparison year - the year with the
highest TB notification rates. ART was rolled-out in 2004 in the study community.
If 2004 was used as the baseline comparison year, the study might not have found
any effect of ART on TB notifications. None of the studies controlled for
confounders. In addition precise population denominators are difficult to

determine especially in settings with high migration rates.
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More recently a strategy known as “test and treat” has been proposed to reduce

HIV transmission. This strategy is characterized by very high coverage of HIV

testing and immediate initiation of ART regardless of the stage of HIV progression

[42]. Mathematical models predict a major reduction in TB if this strategy was to

be successfully implemented [43]. Losses along the HIV care pathway are

recognised as a substantial operational hurdle in achieving high ART coverage

under the current guidelines [20] and are likely to remain a challenge if “test and

treat” strategies are implemented.

The second part of this thesis investigates the losses along the different steps in the

HIV care pathway, describes ART coverage in a community and investigates the

association between ART coverage and TB risk in an ART cohort.
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Part I: Active TB case finding
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2 Study question part |

This thesis aimed to examine strategies of active TB case finding as outlined in the WHO
3Is policy by conducting a systematic review. The key outcomes of the systematic
review were yield of screening in specific target groups, screening strategies, treatment
outcomes and cost-effectiveness.

The thesis further aimed to investigate population based mobile TB case finding in Cape
Town South African. This was addressed in three studies. The first study was a pilote
study of active TB case finding in lay health care workers using a mobile team. The
second study compared sputum quality using a human powered nebuliser to an
electronic nebuliser. The third study investigated the feasibility, uptake, yield, treatment
outcomes and cost-effectiveness of a community-based active TB case finding program
linked to a mobile HIV testing service in Cape Town, South Africa. All studies were
conducted in under-serviced communities in the greater area of Cape Town (Figure

2.1).
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Figure 2.1: Map of Cape Town indicating the main areas in which the mobile
services operated.
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3 Literature review: active TB case finding

Yield of HIV-associated tuberculosis during intensified case finding in
resource-limited settings: a systematic review and meta-analysis
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Review

Yield of HIV-associated tuberculosis during intensified case
finding in resource-limited settings: a systematic review and

meta-analysis

Katharina Kranzer, Rein M G } Houben, Judith R Glynn, Linda-Gail Bekker, Robin Wood, Stephen D Lawn

Intensified case finding is the regular screening for evidence of tuberculosis in people infected with HIV, at high risk
of HIV, or living in congregate settings. We systematically reviewed studies of intensified case finding published
between January, 1994, and April, 2009. In 78 eligible studies, the number of people with tuberculosis detected during
intensified case finding varied substantially between countries and target groups of patients. Median prevalence of
newly diagnosed tuberculosis was 0-7% in population-based surveys, 2-2% in contact-tracing studies, 2-3% in mines,
2.3% in programmes preventing mother-to-child transmission of HIV, 2.5% in prisons, 8:2% in medical and
antiretroviral treatment clinics, and 8-5% in voluntary counselling and testing services. Metaregression analysis of
studies that included only people with HIV showed that for each increment in national prevalence of tuberculosis of
100 cases per 100 000 population, intensified case finding identified an additional one case per 100 screened individuals
(p=0-03). Microbiological sputum examination of all individuals without prior selection by symptom screening
yielded an additional four cases per 100 individuals screened (p=0-05), Data on the use of serial screening, treatment
outcomes in actively identified cases of tuberculosis, and cost-effectiveness, however, were lacking. Concerted action
is needed to develop intensified case finding as an important method for control of tuberculosis.

Introduction

The sixth Millennium Development Goal target of
halving the 1990 prevalence of tuberculosis and death
rates by 2015 will not be achieved if present trends
continue.! Any shortfall from this target worldwide will
be associated with a failure to achieve these targets in
sub-Saharan Africa where HIV has seriously undermined
the control of tuberculosis. Worldwide there are more
than 1.3 million cases of HIV-associated tuberculosis
each year, resulting in almost half a million deaths;
sub-Saharan Africa is estimated to account for 79% of
this disease burden? Although the incidence of
HIV-associated tuberculosis worldwide is estimated to
have peaked in 2006, more progress is needed in
reducing prevalence and mortality.

The WHO directly observed short-course strategy,
which relies on a process of passive tuberculosis case
finding, has helped to control tuberculosis in many parts
of the world but not in countries with generalised
epidemics of HIV (prevalence of HIV greater than 1% in
the general population).* In recognition of this failure,
WHO and the Stop TB Partnership developed an interim
policy on collaborative tuberculosis and HIV activities'
that included additional interventions to reduce the
burden of tuberculosis in people living with HIV. Within
this policy the four core prevention strategies for
tuberculosis were intensified case finding, isoniazid
preventive therapy, tuberculosis infection control, and
scale-up of antiretroviral therapy.*

Despite clear policy guidelines, antiretroviral therapy is
the only one of the four core strategies that has been used
at a large scale.® Use of isoniazid preventive therapy is
still limited and provided for only 0-1% of individuals
infected with HIV? Data on the use of tuberculosis
infection control are scarce. Intensified case finding

www .thelancet.com/infection Vol 10 February 2010

among patients attending HIV care services reached just
2.2% of the 33 million people estimated to be living with
HIV in 20072 To address the substantial gap in the
scale-up of these interventions, WHO launched the 3Is
policy initiative in 2008, which is a three-pronged strategy
of intensified case finding, isoniazid preventive therapy,
and tuberculosis infection control to be used with the
scale-up of antiretroviral therapy.’

Several terms have been used for the screening of
patients for active tuberculosis. The terms intensive case
finding, active case finding, and enhanced case finding
are often used interchangeably and all refer to strategies
to identify and treat people with tuberculosis who have
not sought diagnostic services on their own initiative.
However, whereas intensified case finding and active
case finding require face-to-face contact and on-site
screening, enhanced case finding works primarily
through making populations aware of the symptoms of
tuberculosis and encouraging self-presentation to
medical services® In the 3Is policy, intensified case
finding is defined as “the regular screening of all people
with HIV or at high risk of HIV or in congregate settings
(such as mines, prisons, military barracks) for symptoms
and signs of TB followed promptly with diagnosis and
treatment”, and this is the definition we have used in this
Review” The policy also recommends screening of
household contacts of people with tuberculosis.’

Intensified case finding is the central intervention of
the 3Is strategy, because its aim is to identify patients as
either having active tuberculosis (and in need of
treatment) or free of the disease (and warranting
preventive therapy), although in practice the status of
some patients will be unclear and these patients need
prospective evaluation. Intensified case finding is also
the key means by which the prevalence of untreated
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disease can be reduced within clinical services, congregate
settings, and in the community, thereby reducing the
transmission of tuberculosis. In view of this new policy
initiative, there is a great need for data that inform
development of strategies of intensified case finding.

Whereas the specific investigatons (eg, sputum
microscopy, sputum culture, chest radiography) used in
screening for tuberculosis might have an important
affect on the yield of new cases of tuberculosis identified,’
overall investigational strategy and target group are also
very important. For example, establishing that a patient
has the symptoms of tuberculosis has traditionally been
central to screening strategies, and yet recent studies™"
have shown that a proportion of patients with
HIV-associated tuberculosis have asymptomatic disease
or very minor symptoms. As a result, the yield of
intensified case finding in some groups might be higher
if all individuals are investigated without preselection.

The identification of groups for which intensified case
finding should be prioritised is a further issue. The yield
of cases of tuberculosis is likely to be highly variable,
depending on a range of factors that include the local
prevalence of tuberculosis, the function of local
tuberculosis control services, the prevalence of HIV in
the target group, and the degree of associated
immunodeficiency. In turn, the prevalence of tuberculosis
detected established the number needed to screen (NNS)
to identify one new case of undiagnosed active
tuberculosis. Other important factors affecting decisions
on implementing intensified case finding include the
feasibility and cost of the screening, the laboratory
capacity, and treatment outcomes in newly detected
cases. Treatment outcomes are particularly important
because adherence might be lower in patients identified
in active screening without preselection than in those
detected passively, potentially limiting the effect of
intensified case finding on the control of tuberculosis.

The purpose of this systematic review is to examine
strategies of intensified case finding as outlined in the
WHO 3Is policy” Key outcomes of interest in reviewed
published work include the prevalence of tuberculosis in
specifically targeted groups, the associated NNS, the
screening strategy used, cost-effectiveness, and treatment
outcomes of newly detected cases.

Methods

Search strategy and selection criteria

The searches and review process were done according to
a prespecified protocol. We aimed to identify studies
using intensified case finding in resource-limited settings.
Both cross-sectional and cohort studies published in all
languages were eligible for inclusion. We searched
available systematic and narrative reviews for active case
finding and household-contact investigations. Two
systematic reviews were identified.** Additionally, we
searched Medline, EmBase, and Global Health for reports
published through April, 2009, and African Health Line

up to March, 2009. Search strategies are presented in the
webappendix. The search strategy for African Health Line
included “tuberculosis”, “active or intensified or enhanced
case finding”, “prisons or prisoners”, “mines or miners”,
“homosexuals”, “voluntary counselling”, and “testing or
VCT". Abstract books covering the years 1998-2008 of the
World Conference on Lung Health published by the
International Union Against Tuberculosis and Lung
Disease were hand searched. Reference lists of primary
studies, reviews, and editorials identified by the above
methods were hand searched. Experts in the specialty
were contacted for additional publications.

According to the WHO 3Is policy, regular screening for
tuberculosis is recommended in groups at high risk of
infection with HIV, individuals infected with HIV, groups
living in congregate settings, and in contacts of people
with tuberculosis. The strategy to be used in contact
tracing is not explicitly described in the policy, and so for
the purposes of this Review we focused on contact tracing
studies in populations where the prevalence of HIV was
at least 5% among notified cases of tuberculosis. We also
defined groups at high risk for infection with HIV as
prisoners, commercial sex workers, injecting drug users,
men who have sex with men, and individuals attending
voluntary counselling and testing centres and sexually
transmitted disease clinics. Even though the 3Is policy
does not recommend mass screening on a population
level, it is arguable that general populations in
sub-Saharan Africa constitute groups at high risk for
HIV. Thus, surveys of the prevalence of tuberculosis in
populations with a prevalence of HIV of greater than 5%
were included in this Review.

Our Review was limited to studies published from 1993
(when WHO declared tuberculosis to be a worldwide
emergency) to 2009.® We only included studies in
low-income and middle-income countries, as defined by
the World Bank in 2008, and studies that screened a
minimum of 100 people. We excluded editorials, case
studies, case reports, studies screening only children
younger than 15 years, and studies with unclear screening
strategies or denominators. However, we included
contact-tracing studies that screened both adults and
children.

The initial database created from the electronic searches
was compiled, duplicate citations were eliminated, and
citations were screened by title and abstract to capture
potentially relevant studies. The full text of these studies
was obtained and reviewed according to inclusion and
exclusion criteria. Screening of full text from citations
found to be potentially relevant was done by two reviewers
(KK and SDL). Queries on study design and study quality
were discussed with another reviewer (JRG), and studies
were only included if there was consensus.

Data extraction and analysis

Where data from a single study were present in multiple
publications, these data were compiled. The data
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extraction form was adapted from the STROBE statement
checklist.” Variables recorded included title, objective,
year of study, year of publication, study design, setting,
eligibility criteria of participants, sources and methods of
selection of participants, screening strategy, diagnostic
criteria for tuberculosis, internal and external quality
checks, efforts to reduce bias, numbers of individuals at
each stage of the study, number of cases of tuberculosis,
prevalence of tuberculosis, and funding source. One
reviewer (KK) extracted data from all eligible studies. A
second reviewer (SDL) independently extracted data from
20 of the included studies. The ratings given by the two
reviewers were in complete agreement.

Primary outcome of interest was the yield of intensified
case finding as defined by the prevalence of newly
microbiologically confirmed or clinically or radiologically
diagnosed cases of tuberculosis in the target population
and the NNS to find one new case of tuberculosis. The
NNS was calculated as the reciprocal of the prevalence of
newly diagnosed tuberculosis. Secondary outcomes of
interest were the screening strategy used, treatment
outcomes, and cost per case found.

All analyses were done in Stata 10. We report medians
and ranges; weighted medians were used to compare
yield of screening for tuberculosis in individuals infected
with HIV by use of different screening strategies. We
used inverse-variance-weighted metaregression to
investigate the association between yield of intensified
case finding and country prevalence of tuberculosis,
prevalence of HIV in the general population, screening
strategies, availability of culture, and HIV status of the
study population.®® Country prevalence estimates for
tuberculosis and HIV were obtained from the WHO
Global Health Atlas.® We analysed residuals to check
model assumptions.

Results

83 publications (69 published papers and 14 abstracts)
published between January, 1994, and April, 2009, were
eligible for inclusion (figure 1). After compiling multiple
publications of the same study a total of 78 studies were
included. Most studies (55) were published in the past
6 years, with the largest numbers of publications being
in 2008 (12) and 2007 (13).

Of those studies included, 30 were from congregate
settings, ten from voluntary counselling and testing
settings, three from programmes preventing mother-to-
child transmission (PMTCT), 16 from antiretroviral
therapy and medical clinics, ten contact tracing studies,
eight population-based surveys of the prevalence of
tuberculosis, and one study among men who have sex
with men and injecting drug users. Most studies were
from sub-Saharan Africa (41); others were from the
Americas (22) and Asia (19).

The proportion of eligible individuals who agreed to
participate in these studies was variable, ranging from
40-100% in prisons, 44-100% in voluntary counselling
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and testing and PMTCT settings, 35-100% in clinic-
based settings, 83-100% in contact tracing studies, and
66-100% in population-based surveys (webappendix).
Clear external and internal quality-control procedures for
microbiological and radiological investigations were only
recorded in three studies in congregate settings, two
studies in clinic-based settings, one study in household
contacts, and four population-based surveys.

The prevalence of newly diagnosed tuberculosis varied
greatly between different countries and specific target
populations (table 1). The minimum was 0.01% in a
contact-tracing study from Peru and the maximum was
24-7% in an antiretroviral therapy clinic in South Africa.
Median NNS varied greatly, ranging from 148 in
population-based prevalence surveys to just 12 in
voluntary counselling and testing services and in
antiretroviral therapy and medical clinics (table 1).

Results of studies of intensified case finding in prisons,
psychiatric hospitals, mines, and refugee camps are
presented in the webappendix. HIV status was established
in three of 30 studies and screening strategies varied
substantially, with most using an initial questionnaire on
the symptoms of tuberculosis followed by diagnostic
testing of people suspected to have tuberculosis. Three of
six studies in miners combined the screening of symptoms
with chest radiology to define those people suspected of
having tuberculosis, whereas the other three studies used
sputum microbiology irrespective of symptoms.

The median NNS in all prisons was 40 (range 14-833),
but was lower in studies in prisons in sub-Saharan Africa

8353 potentially relevant citations identified from electronic databases
73 potentially relevant citations identified from reference lists
35 potentially relevant citations identified from conference abstract books

8214 excluded after first screen
e 2664 duplicates
5550 on basis of title or abstract
l 247 articles selected for full test review
164 excluded after first screen

HIV prevalence less than 5%

27 retrospective studies

11 studies in children
2 tuberculin skin test surveys
3 sample size less than 100
29 unclear study design
7 already published

32 population-based surveys of prevalence of tuberculosis with

5 contact screening studies with prevalence of HIV in incident
cases of tuberculosis less than 5%
9 studies in subpopulations with prevalence of HIV less than 5%

P 2 studies limited to individuals not infected with HIV
29 reviews, commentaries, editorials
8 studies in high-income countries

I 69 publications and 14 abstracts included ]

Figure 1: Study selection process
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Figure 2: Prevalence of tuberculosis among individuals screened in different settings in countries with

Number  Regions represented Median prevalence of newly ~ Median number needed ‘

of studies diagnosed tuberculosis (range)  to screen (range) |
Congregate settings (all)** 30 Africa, Asia, the Americas  2:2% (0-1-7-2) 45(14-833)
Congregate settings (prisons)™* 21 Africa, Asia, the Americas  2-5% (0-1-7-2) 40 (14-833) ]
Congregate settings (prisons)”* 7 Sub-Saharan Africa 3:6% (1-8-7-2) 28 (14-55) ‘
Congregate settings (mines)*“+ 6 Africa, Asia 2:3% (1-2-5.0) 43 (20-86) j
Voluntary counselling and testing services® 10 Africa, Asia, the Americas  8.5% (0-8-23-6) 12(4-123) |
Prevention of mother-to-child transmission services®* 3 Africa, Asia 2:3% (2:1-3-5) 44 (29-47) \
Antiretroviral therapy and medical dinics®%# 16 Africa, Asia, the Americas  8-2% (1-4-24-7) 12(4-71) i
Antiretroviral therapy and medical dinics**»7 8 Sub-Saharan Africa 8.6% (3-6-247) 12 (4-28) ‘
Contact tracing®* 10 Africa, Asia, the Americas ~ 2:2% (0-01-145) 45(7-10 000)
Population-based surveys™*** 8 Sub-Saharan Africa 0-7% (0-02-3.5) 148 (29-5000) ‘

Table 1: Tuberculosis prevalence and the number needed to screen to identify one new case in different target groups
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(median 28, range 14-55; table 1). The prevalence of HIV
was established in only one study in a Brazilian prison
25%)."
( Stuiiies in miners and ex-miners found a median NNS
of 43 (range 20-86; table 1). In one study enrolling only
miners infected with HIV, the prevalence of newly
diagnosed tuberculosis was 4-9%.* Of the remaining five
studies only one study tested miners for HIV, and
reported a prevalence of 27%.7

Most studies in voluntary counselling and testing
clinics, PMTCT programmes, and in groups at high risk
of infection with HIV (men who have sex with men and
injecting drug users)™ identified people suspected of
having tuberculosis by screening their symptoms before

using diagnostic tests (webappendix). Sputum microscopy
was the only microbiological test available in half of the
studies. The median NNS was 12 (range 4-123) in
voluntary counselling and testing settings and 44 (range
29-47) in PMTCT settings (table 1).

Intensified case finding was done as part of isoniazid
preventive therapy programmes or before antiretroviral
therapy was started, in individuals infected with HIV
accessing health care or enrolled in home-based care
services. Half of the studies used questionnaires on the
symptoms of tuberculosis as the first step before
microbiological investigations for symptomatic individuals
(webappendix). Median NNS was 12 (range 4-71; table 1).

Results from contact-tracing studies (webappendix) are
not directly comparable with results from other settings
since most studies included children. Microbiological
examinations were only done in individuals that were
symptomatic or in individuals with positive tuberculin
skin tests. Median NNS was 48 (range 7-10 000; table 1).

Five of eight population-based surveys of the prevalence
of tuberculosis in settings with high prevalence of HIV
used a step-wise screening approach with screening for
the symptom of tuberculosis preceding microbiological
examination. The remaining three studies examined the
sputum in all individuals irrespective of symptoms
(webappendix). Median NNS was 148 (range 29-5000;
table 1).

Figure 2 summarises data from 47 studies in countries
with generalised epidemics of HIV. More than half the
studies (27) reported a prevalence of newly diagnosed
tuberculosis in the screened population of greater than
3% (NNS less than 33). Excluding population surveys,
two-thirds (26 of 39) of the studies reported prevalence of
newly diagnosed tuberculosis of greater than 3%.

The screening strategies varied widely across the
studies. Symptom screening was used in all but one of
the prison studies, screening of mine workers invariably
included chest radiography, and all contact-screening
studies used symptom screening and assessment of
responses to the tuberculin skin test. Symptom
questionnaires were diverse, ranging from any kind of
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respiratory symptoms to various durations of productive
cough plus or minus weight loss, night sweats, fatigue,
fever, and haemoptysis. Similarly, the number and timing
of sputum samples varied substantially.

In 12 studies that included only individuals infected
with HIV, sputum examination was done irrespective of
symptoms. Nine of these studies were done in
antiretroviral therapy services, medical clinics, or
home-based HIV care programmes and the remaining
three were done in voluntary counselling and testing
centres. All but one of these studies did both smears and
cultures. 17 studies screened individuals infected with
HIV with symptom-based questionnaires preceding
sputum examination of people suspected to have
tuberculosis. These studies were done in antiretroviral
therapy and medical clinics (seven studies), voluntary
counselling and testing centres (seven), and PMTgT
programmes (three). Of these 17 studies, seven only did
sputum smears whereas ten did both smears and
cultures. In the subset of studies in which both smears
and cultures were done, the prevalence of newly
diagnosed tuberculosis in individuals infected with HIV
was slightly lower (weighted median 9-8%) in studies
only investigating preselected people suspected to have
tuberculosis on the basis of symptom screening
compared with studies doing sputum smears and
cultures on everyone irrespective of symptoms (weighted
median 11-6%).

Because the strategies and yield of intensified case
finding were very heterogeneous between studies done
in different countries and patient groups, we sought to
identify variables independently associated with the yield
of tuberculosis by use of metaregression analysis (tables 2
and 3).

Of the 78 studies included in the analysis, some target
populations included only individuals infected w1th HIV
(30 studies), whereas the remainder included individuals
with and without HIV (congregate settings, contact
screening, and population-based prevalence studies).
Metaregression analysis was therefore stratified with
regards to HIV status of the screened population.

In the univariate analysis of studies with patients with
mixed or unknown HIV-status (48 studies), national
prevalence of tuberculosis and HIV, screening strategy of
microbiological investigations in all individuals, and
availability of culture were not associated with yield of
screening (table 2).

By contrast, univariate analysis of studies that only
included individuals infected with HIV (30 studies)
found that both the use of symptom prescreening and
the country prevalence of tuberculosis were associated
with the detected yield of tuberculosis (table 3). However,
the availability of culture and the national prevalence of
HIV were not associated with the detected yield of
tuberculosis. Multivariate  analysis showed that
microbiological sputum examination (smear or culture)
on all individuals without prior selection on the basis of
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screening for symptoms detected an additional four cases
per 100 individuals screened (p=0-05). Furthermore, an
increment in country prevalence of tuberculosis of
100 cases of tuberculosis per 100000 population was
associated with an additional yield of one case per
100 individuals screened (p=0-03).

Restricting the analysis to studies in individuals
infected with HIV routinely doing both sputum smears
and cultures as part of the microbiological investigations
(22 studies) showed similar results with regards to effect
estimate for symptom screening (slope 3:6, 95% CI
~0-9108-0).

Estimates of national prevalence of tuberculosis are
infrequently on the basis of prevalence survey data, they
are instead derived from estimates of the incidence of
tuberculosis. In view of this and that national estimates
of incidence of tuberculosis are more readily available,
we repeated the metaregression analysis with the
inclusion of estimated incidence of tuberculosis rather
than estimated prevalence. In this model, an increment
in country incidence of tuberculosis of 100 cases of
tuberculosis per 100000 people was associated with an
additional yield of 0-7 case per 100 individuals screened
(p=0-04).

Only three studies reported treatment outcomes of
individuals ~diagnosed with tuberculosis during
intensified case finding. In a population-based study in
South Africa, only 13 (56%) of 23 people actively detected

Slope (95% CI) pvalue
Country prevalence of tuberculosis*  -0-2 (-05t001) 021

Country prevalence of HIVH -4-8(-128t033) 024
Availability of culturef -03(-16t011) 065
Symptom screening§ -03(-24t01-8) 077

*One unit increase=100 cases of tuberculosis per 100 000 people. tOne unit
increase=10% increase in prevalence, $Coded as 0 if no culture available or 1 if
culture available. SCoded as 0 if symptom screening used to identify people
suspected to have tuberculosis or 1 if all individuals screened with sputum smears
or culture.

Table 2: Univariate analysis of factors potentially affecting yield of
intensified case screening in populations with mixed or unknown HIV

status
Slope (95%Cl)  pvalvein  Slope (95%Cl)  pvaluein
in univariate univariate in multivariate  multivariate
analysis analysis  analysis analysis
Country prevalence of tuberculosis*  1-1(0-2t0 2:0) 0.02 1(01t01.9) 003
Country prevalence of HIVH 13(-175t0431) 04 -
Availability of culture 2:0(-27t067) 039 w o
Symptom screening$ 43(0341t082) 003 37(0-05t07-4) 005

“One unit increase=100 cases of tuberculosis per 100 000 people. {One unit increase=10% increase in prevalence.

suspected to have tuberculosis or 1 if all individuals screened with sputum smears or culture.

*#Coded as 0if no cuture available or 1 f culture available. SCoded as i symptom screening used to dentify people
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with tuberculosis completed treatment” Among
24 women infected with HIV in India diagnosed with
tuberculosis after giving birth, 21 started treatment for
tuberculosis and 17 (709%) were either cured or still
receiving treatment at time of analysis.” In the
Cote d'lvoire, of 134 prisoners diagnosed with
tuberculosis, 99 (74%) were cured, 32 (24%) died, and in
three (2%) treatment failed.” None of these studies had
data for treatment outcome available for those diagnosed
passively.

None of the studies included in this systematic review
did costing or cost-effectiveness analyses.

Discussion

Intensified case finding is a key component of the WHO
3Is policy that aims to strengthen the public health
response to the epidemic of HI V-associated tuberculosis—
a major stumbling block to attainment of the sixth
Millennium Development Goal targets for worldwide
control of tuberculosis. In this systematic review, we
included 78 studies from 27 different countries, most
from sub-Saharan Africa. The yield of screening for
tuberculosis varied greatly between countries and target
populations, with the highest yields in antiretroviral
therapy and voluntary counselling and testing clinics,
and the lowest yields in population-based surveys of the
prevalence of tuberculosis. Our analysis showed that the
yield of intensified case finding depends strongly on the
prevalence of HIV of the target population, the national
prevalence of tuberculosis, and the screening strategy. In
studies only screening individuals infected with HIV,
each increment in national prevalence of tuberculosis of
100 cases per 100000 people resulted in an additional
yield of one case per 100 individuals screened.
Furthermore, substantially higher yields can be achieved
if all individuals have sputum examination irrespective
of symptoms. These data will help inform implementation
of intensified case finding policies.

Using a process of passive case finding, the directly
observed short-course strategy has failed to control rising
incidence rates of HIV-associated tuberculosis in
resource-limited settings,' and many patients dying with
HIV/AIDS have tuberculosis thathas not beendiagnosed. '
Intensified case finding aims to increase case-detection
rates and shorten the time to diagnosis of tuberculosis,
thereby reducing morbidity and mortality and shortening
the period of infectiousness, and it should, in turn, reduce
the risk of transmitting tuberculosis in community and
health-care settings.">"* However, intensified case finding
is more resource-intensive than passive case finding and a
number of key issues must be considered. These issues
include the populations to be targeted, the NNS to identify
each new case, the screening strategy, laboratory capacity,
operational feasibility, outcomes of newly identified cases
of tuberculosis, and costs.

Prevalence of newly diagnosed tuberculosis and
subsequently the NNS varied widely between different

target populations with a median of 148 (range 29-5000)
in population-based surveys, 45 (7-10000) in contact
tracing studies, 43 (20-86) in mines, 40 (14-833) in
prisons, 12 (4-123) in voluntary counselling and testing,
44 (29-47) in PMTCT settings, and 12 (4-71) in
antiretroviral therapy or medical clinics.

The upper limit for the NNS at which intensified case
finding is deemed useful might differ between target
populations. For example, the importance of identification
of tuberculosis among prisoners is high because of the
high probability of transmission to other prisoners, and
among pregnant women it is high in view of the
probability of transmission to unborn children.'”**®
Intensified case finding might also be prioritised in
settings with known high prevalence of drug-resistant
tuberculosis, such as prisons.

Guidelines originating from the era before HIV assume
thatstate programmes for tuberculosis in resource-limited
settings should screen an average of ten people suspected
to be infected to identify one smear-positive case to
prevent laboratory overload.” Laboratory equipment and
consumables for tuberculosis are allocated on this basis.
More recent experience has shown that in practice an
average of seven people newly suspected of having
tuberculosis are screened to identify one sputum
smear-positive case of tuberculosis, although this number
varies widely (3-3-20).™ Irrespective of the specific target
populations, we found that intensified case finding will
need more resources. Scale-up will only be possible if
laboratory capacity increases in parallel and quality
assurance procedures are adequate.

The effectiveness of intensified case finding depends
on the screening strategy used. In studies of groups of
patients infected with HIV, intensified case finding with
microbiological (sputum smear or culture) investigation
in all patients irrespective of symptoms detected an
additional four cases per 100 individuals screened. This
finding is consistent with the observation that a substantial
proportion of individuals infected with HIV have
subclinical tuberculosis when screened actively.*#%

The WHO 3Is strategy recommends repeated intensified
case finding in individuals infected with HIV. However,
no empirical data exist on the use of this type of serial
screening, especially in a population of people infected
with HIV. Serial screening with mass radiography in
Czechoslovakia in 1961-72 showed a decrease in
prevalence of newly diagnosed tuberculosis from 36 cases
per 100000 people to 18 cases per 100000 people.™ Thus,
a similar effect might happen with serial intensified case
finding in individuals infected with HIV, although the
yield in groups of patients infected with HIV is also likely
to vary in parallel with changes to the degree of
immunodeficiency. Studies establishing the yield obtained
during serial screening, the optimum screening interval,
and the implications for laboratory capacity are needed.

The diagnosis of tuberculosis by active screening is
typically less advanced than the diagnosis of disease
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during passive case finding.”"*" Patients with less
advanced disease might, in turn, have lower numbers of
adherence to treatment, potentially resulting in poorer
treatment outcomes among those whose disease is
detected by intensified case finding. However, data on
treatment outcomes are scarce. A study from South Africa
found that the rates of treatment for tuberculosis were
low (73%) among actively detected cases.™ Similar results
were reported from population-based prevalence surveys
from India and Nepal showing higher treatment refusal
and default rates in actively compared with passively
detected cases of tuberculosis."" Therefore, intensified
case finding must be accompanied with effective means
of ensuring that newly identified cases of tuberculosis
are effectively treated.

Our metaregression analysis found that each increment
in national prevalence of tuberculosis of 100 cases per
100000 people was associated with an additional yield of
about one case per 100 screened individuals infected with
HIV. These data provide some basis for estimating the
potential benefits of intensified case finding in different
countries. Although none of the studies presented in
this Review investigated cost-effectiveness, modelling
suggests that population-based intensified case ﬁn'ding
symptom screening every 7 years would be highly
cost-effective in sub-Saharan Africa, averting 29 million
cases of tuberculosis and 13 million deaths by 2050."
One study from South Africa estimated a cost of US$12
for each person screened for tuberculosis in the
community health centre and $7 per person in the
primary health-care clinic. The cost per case of
tuberculosis prevented was estimated to be $323-366,
assuming that 25 cases of tuberculosis would be
prevented for every 100 cases of tuberculosis detected by
intensified case finding."” However, more country-specific
and setting-specific data on costs are needed to inform
policy makers. 4y

Our systematic review has several strengths. Publication
bias was limited by the use of a prespecified comprehensive
search strategy and review process thatincluded published
and unpublished studies without language restrictions.
Reproducibility of data extraction was verified for a subset
of studies. Heterogeneity of study results was investigated
using metaregression analysis. This Review, which is
primarily descriptive, also has limitations. Assessment of
ascertainment bias at study level was limited because of
the lack of reporting of internal and external quality-control
procedures. Furthermore, variable uptake in the
proportions of eligible individuals who agreed to
participate in these studies might have influenced
reported prevalence of tuberculosis. Regression analyses
could be subject to residual confounding.

Conclusion :
In countries with high prevalence of tuberculosis,

intensified case finding among individuals infected with
HIV identifies a high yield of people with tuberculosis

www.thelancet.com/infection Vol 10 February 2010

and the yield is significantly increased if all such
individuals are screened microbiologically without
preselection on the basis of the screening of symptoms.
The data presented might help the prioritisation of
specific groups for intensified case finding. Scaling-up of
intensified case finding will need development of
standardised screening algorithms, substantial increases
in the capacities of quality-assured laboratories, and
efficient systems to ensure that people newly diagnosed
with tuberculosis receive adequate treatment. Concerted
action in tandem with further research might help
develop this policy as an important method to accelerate
progress towards the tuberculosis targets within the sixth
Millennium Development Goal.
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SCIENTIFIC LETTERS

Community health care workers in South Africa are at
increased risk for tuberculosis

K Kranzer, L-G Bekker, N van Schaik, L Thebus, M Dawson, ] Caldwell, H Hausler, R Grant, R Wood

To the Editor: High rates of tuberculosis (TB) and human
immunodeficiency virus (HIV) in sub-Saharan Africa pose a
serious threat to health care systems and health care workers
(HCW ). Studies in South Africa' and Ethiopia?® have indicated
that HCWs have an increased risk of TB disease compared
with the general population. The risk for TB disease is even
higher among HCWs co-infected with HIV. Studies from South
Africa found an HIV prevalence among HCWs of 15.7% in 4
provinces in 2002° and of 11.5% in 2 hospitals in Gauteng in
2005.4

Many sub-Saharan African countries face a severe shortage
of qualified HCWs as a result of the dual HIV/TB epidemic,
which has triggered task shifting to a range of lay community
health care workers (CHWs) - for example, home-based care
workers, lay counsellors and adherence supporters, for both
TB and highly active antiretroviral therapy (HAART). CHWs
may experience a considerable occupational TB risk; however,
their risk of TB disease and HIV prevalence has never been
documented.

The TB/HIV Care Association is a non-governmental
organisation that employs CHWs to provide adherence
support to both TB patients and patients taking HAART. The
Desmond Tutu HIV Foundation partnered with the TB/HIV
Care Association to provide HIV and TB testing to their CHWSs,
and subsequently determined the prevalence of diagnosed and
undiagnosed TB and HIV among them.

Methods

Between October 2008 and February 2009, our mobile HIV
testing unit (the TUTU tester) provided HIV testing, CD4
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counts and TB screening to TB and antiretroviral adherence
supporters employed by the TB/HIV Care Association in Cape
Town on 8 days in 8 venues. All CHWs were asked about any
previous HIV testing, history of TB treatment, hypertension,
diabetes, and their most recent Pap smear. Verbal consent

for HIV testing was obtained. HIV testing was performed
according to the Western Cape guidelines. Al CHWs were
offered post-test counselling. Individuals who tested HIV-
positive were offered a CD4 count test. Individuals who
needed treatment or follow-up were referred to clinics.

Individuals who were HIV-positive and those with
symptoms of TB were offered to undergo sputum induction.
Smears and cultures were performed on 47 out of 62 sputum
samples, and the remaining 15 sputum samples were
only examined for acid-fast bacteria (AFBs) with light and
fluorescence microscopy.

Results

A total of 215 female CHWs were offered HIV and TB testing;
the most common age group was 40 - 49 years old (N=72, 33%);
58 (27%) had never had a previous HIV test, and only 57 (27%)
had had an HIV test within the last 12 months (Table I). Older
CHWs were significantly more likely to have never tested
before (p<0.01).

A total of 42 CHWs (20%) were HIV-positive, 11 were newly
diagnosed, and 31 already knew their status. Among the 31
known HIV-positive CHWs, 17 were on HAART, and 11 were
not yet eligible for HAART. Of 26 CHWs who knew their most
recent CD4 count, 6 had a CD4 count <350 cells/ul. Eight of
those who were newly diagnosed as HIV-positive had had a
CD4 count at the time of diagnosis, and 5 (63%) had a CD4
count <350 cells/pl. HIV prevalence (23%) and prevalence of
newly diagnosed HIV (9%) was highest among the 30 - 39-
year-old age group.

Sputum induction was offered to 80 CHWs; 38 were HIV-
positive, and 42 reported TB symptoms. A total of 62 sputum
samples were obtained - 29 from HIV-positive individuals
and 33 from HIV-negative symptomatic individuals. Twelve
CHWs were unable to produce sputum, and 6 refused sputum
induction.

The overall TB prevalence was 5% (10/215); 6 (3%) were
on TB treatment at the time of the study; 4 (2%) were newly
diagnosed with TB, one was smear- and culture-positive, and
3 were smear-negative and culture-positive. Two of the newly
diagnosed TB cases were HIV-negative and symptomatic, 1
was known HIV-positive and not yet on HAART, and 1 was on
HAART.

Discussion

This is the first report of HIV and TB prevalence among CHWs
in South Africa. The observed HIV prevalence of 20% is higher



Table L. HIV testing experience, HIV prevalence and TB prevalence in lay community health care workers stratified by age

Age in years
<30 30-39 40-49 250 Total
N (%) N (%) N (%) N (%) N (%)

Previous HIV testing experience

Never tested 6 (18) 50) 16 (23) 31 (58) 58 (27)

Last test <3 months ago 5 (15) 5(9) 4 (6) 4 (8) 18 (9)

Last test 3 - 6 months ago 2(6) 1(2) 34 0(0) 6(3)

Last test 6 - 12 months ago 6 (18) 12 (22) 12 (17) 3(6) 33 (16)

Last test >12 months ago 6 (18) 19 (35) 28 (40) 12 (23) 65 (31)

Previously tested positive 8 (24) 13 (24) 7 (10) 3(6) 31 (15)
HIV result

Negative 23 (68) 36 (65) 61 (85) 48 (89) 168 (78)

Newly diagnosed positive 2(6) 5(9) 2(3) 2(4) 11(5)

Known positive 8 (24) 13 (24) 7 (10) 3(6) 31 (14)

Refused 1(3) 1(2) 2(3) 1(2) 5(2)
On TB treatment

Yes 1(3) 4(7) 1(1) 0(0) 6(3)

No 33 (97) 51 (93) 71 (99) 54 (100) 209 (97)
TB diagnosed on screening

Yes 0(0) 2(4) 1(1) 1(2) 4(2)

No 33 (100) 49 (96) 70 (99) 53 (98) 205 (98)

than the HIV prevalence of 17.9% among antenatal women in
the Western Cape Metropolitan area in 2008.°

Only 27% of CHWs had an HIV test within the last 12
months; more importantly, 27% had never had an HIV test. A
total of 11 new HIV diagnoses were established. At least half
of the newly diagnosed HIV-infected CHWs would be eligible
for HAART according to the WHO ART guidelines and the
proposed new South African guidelines for implementation in
the near future.

Only 5 CHWs did not consent to HIV testing, suggesting that
HIV testing uptake is improved when access is facilitated. An
obstacle to access may be concerns with confidentiality, and
CHWSs may not feel comfortable about testing in the health care
facilities where they work.

TB prevalence among CHWs was 5%, with 4 out of 10 TB
cases (40%) only identified through active case finding. A
recent population-based prevalence survey in a township
near Cape Town found a TB prevalence of 3% with a
similar proportion of undiagnosed TB (48%).° However, the
population-based survey included men and women, with men
having a higher risk of TB disease, whereas the CHWs screened
in this study were all women; this finding suggests that CHWs
are at higher risk of TB disease than the communities they live
in.

Limitations of this report include relatively small sample
size and that the sample was not representative of all CHWs
working in Cape Town. TB screening included only one
induced sputum sample per person, and some of the sputum
samples were not cultured.

We conclude that CHWs are at high risk for HIV and TB.
HIV testing should be actively facilitated, CHWs should be
screened regularly for TB, and more emphasis should be placed
on effective infection control measures.
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SUMMARY

0BJECTIVES: To investigate the quality of induced spu-
tum samples using a human-powered (HPN) and an
electric-powered nebuliser (EPN).

METHODS: For each participant two sputum samples
were induced using the HPN and the EPN. The sequence
of the two ncbulisers was allocated at random. The
proportion of good quality sputum according to differ-
ent assessment criteria was compared using an exact
McNemar test. The difference in time to expectoration
was compared using the Wilcoxon matched-pairs signed-
rank test.

RESULTS: A total of 123 individuals were eligible for
the study. Nine individuals refused to participate and
five were unable to produce a sputum sample. The pro-

portion of good quality sputum was higher among spu-
tum samples induced by the HPN compared to those
obtained using the EPN. The median time to produce a
sputum sample was 2.2 min (IQR 1.13-4.1) for the
HPN and 2.5 min (IQR 1.4-4.1) for the EPN.
coNcLUsION: The HPN induced good quality sputum
within 3 min. The device operates without electricity and
is suitable not only for remote clinics with unreliable
electricity, but also for mobile services and community-
based intensified tuberculosis (TB) case finding. Further
research needs to investigate the yield of TB in sputum
samples induced by the HPN.

KEY WORDS: tuberculosis; induced sputum; diagnosis;
South Africa; resource-limited

POOR DIAGNOSIS remains a major obstacle to
global tuberculosis (TB) control. An estimated 9.4 mil-
lion new cases of TB were reported in 2008, and
1.8 million estimated deaths occur every year.! TB
diagnosis is often based on microscopy of stained
sputum smears.2 Current World Health Organization
(WHO) guidelines recommend a two-specimen case-
finding strategy and same-day diagnosis by micros-
copy.3# However, a substantial number of these cases
occur among human immunodeficiency virus (HIV)
positive individuals, including children, in resource-
limited settings. Confirming TB infection in this
population is particularly challenging due to pauci-
bacillary presentations and difficulties in obtaining ap-
propriate specimens.’-7 HIV-infected individuals of-
ten present with few symptoms’-? and have difficulty
expectorating spontaneously. Spontaneous sputum ex-
pectoration is difficult to achieve in children, and cul-
ture confirmation thus relies on sequential gastric

lavages.’
For adults and children who are unable to expec-

torate sputum spontaneously, sputum induction is one
way to obtain good quality sputum, and it has been
shown to be as sensitive as bronchoalveolar lavage
and gastric washing for detection of pulmonary TB
in both adults and children.!%-13 A hypertonic saline
solution is administered via a mouthpiece or mask
using an ultrasonic nebuliser. The procedure is non-
invasive and requires little staff training.1

However, sputum induction remains largely under-
utilised as a means of obtaining sputum samples for
TB diagnosis, especially in highly under-resourced set-
tings where access to consistent supplies of electrical
power can be a challenge. Battery operated nebulisers
exist, but recharging batteries typically requires elec-
tric power, and the costs of obtaining new batteries
are considerable. Human-powered or solar-powered
devices might be more suitable for under-resourced
settings.

This study aimed to compare the quality of in-
duced sputum samples using a human-powered (HPN)
and an electric-powered nebuliser (EPN).
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cine, Faculty of Health Sciences, University of Cape Town, Anzio Road, Observatory 7925, Cape Town, South Africa. Tel:
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METHODS

Study setting

This study was conducted as part of an evaluation of
an intensified TB case-finding strategy linked to a
mobile voluntary counselling and testing (VCT) ser-
vice. The mobile VCT service is nurse-run, counsellor
supported and operates in underserviced peri-urban
areas in greater Cape Town.!S All adults testing HIV-
positive or with symptoms suggestive of TB were re-
ferred for sputum induction.

Study design

All clients referred for sputum induction as part of
the intensified TB case-finding study between June
and July 2010 were asked for their consent to partici-
pate in the study. Two induced sputum samples using
the HPN and EPN were performed. The sequence of
the two nebulisers was allocated using Stata version 11
(StataCorp, College Station, TX, USA) to randomly
sample one of the two nebulisers as the first device to
be used. The procedure was repeated 130 times, and
patients started with either the HPN or the EPN per
their allocation. Sputum induction was performed in
an open-roofed tent using 15-20 ml sterile 3% hyper-
tonic saline solution. The patient breathed through the
nebuliser mouthpiece until a satisfactory sample was
produced or he/she wished to abandon the procedure.
The procedure was performed without nose clips.

Human-powered nebuliser

The HPN is a pneumatic piston pump system con-
nected to a modified stationary bicycle frame (Fig-
ure 1). The output of the piston (Bimba, University
Park, IL, USA) goes through one-way valves (US Plas-

Figure 1 The HPN. One end of the piston is affixed to the
frame and the other is connected to a rotating disk affixed to
the rear gear system. There are two outputs of the piston and
the tubing is set up with one-way valves so that air flows out of
the HPN on both the upstroke and downstroke of the piston.
The flow regulator is marked by an arrow. HPN = human pow-
ered nebuliser.

tics, Lima, OH, USA) and a flow regulator (Gates LLC,
Houston, TX, USA) to achieve the necessary air flow
rate of 8 I/min to make a jet nebuliser and mouth-
piece (Hudson Micro Mist, Hudson RCI, Research
Triangle Park, NC, USA; mass mean aerodynamic di-
ameter 3.6 wm, nebulisation rate 0.25-0.3 ml/min)
work properly. The one-way valves and flow regula-
tor ensure that the HPN operates at 8 I/min or not at
all. The HPN takes about 60 pedal cycles/min to op-
erate; the effort of pedalling the HPN is equivalent to
riding a bicycle at approximately 13 km/h. In bench
top experiments, the output of the HPN was com-
pared to the Pulmo-aide compressor (DeVilbiss, Som-
erset, PA, USA), which has a flow rate of =8 |/min us-
ing the same nebuliser. The time of nebulisation of
5 ml liquid was not different between the two (P =
0.41). In this study, assistants to the nurse in charge
of TB testing pedalled the HPN. Tubing was long
enough so that the assistants could either be in a sep-
arate tent or in the open away from the tent where
the subject was seated.

Electric powered nebuliser

An ultrasonic Flo-Eolo nebuliser (CA-MI, Pilastro,
Italy) was used for electric sputum induction as
a comparison.

Microscopy and culture of mycobacteria

Sputum samples were analysed within accredited lab-
oratories using standardised protocols and quality
control procedures. Following decontamination with
N-acetyl-L-cysteine sodium hydroxide, centrifuged
sputum deposits were examined for acid-fast bacilli
(AFB) using auramine O fluorescent stain and cultured
using mycobacterial growth indicator tubes (MGIT,
BD, Sparks, MD, USA). Cultures positive for AFB
were identified as Mycobacterium tuberculosis com-
plex by inhibition of growth by p-nitrobenzoic acid
or by the polymerase chain reaction.

Microscopic sputum quality assessment

Gram stains were performed on each sputum speci-
men and examined by laboratory technicians. The
slides were evaluated for quality under low power
(310). Salivary contamination was detected by not-
ing the presence of squamous epithelial cells (SEC),
and purulence was determined by noting the presence
of polymorphonuclear cells (PMN). Sputum sam-
ples were considered of good quality according to
the following assessment criteria: >0 PMN per low-
power field (LPF; criteria from McCarter and Robin-
sonl'6), >25 PMN/LPF (Van Scoy!?), <25 SEC/LPF
(Geckler et al.!®), <10 SEC/LPF (Murray and Wash-
ington'?) or PMN > SECs (Barlett2?).

Statistical methods

All analyses were conducted using Stata version 11
(StataCorp, College Station, TX, USA). The proportion
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Figure 2 Flow diagram of eligible participants who were able to produce sputum samples. HIV = human immunodeficiency virus.

of good quality sputum according to the different as-  compared to those induced using the EPN (Table 1).
sessment criteria between the two nebulisers was  According to McCarter and Robinson’s criteria,16
assessed using an exact McNemar test; the difference  83.5% of HPN and 74.3% of EPN-induced sputum
in time to expectoration was compared using the  samples were of good quality, whereas only 26.6% of
Wilcoxon matched-pairs signed-rank test. HPN and 22.9% of EPN-induced sputum samples
were assessed as good quality using Van Scoy’s crite-
Ethical approval ria.1” The proportion of good quality sputum sam-
The study was approved by the University of Cape  ples according to Barlett’s criteria?® was significantly
Town Ethics Committee and the Institutional Review  higher in sputum samples induced by HPN compared
Board of Marquette University. Written informed  to EPN.

consent was obtained from all patients at enrolment. The median time to produce a sputum sample was
2.2 min (IQR 1.13-4.1) for HPN and 2.5 min (IQR
RESULTS 1.4-4.1) for EPN (P = 0.29). The median time was
3.1 min (IQR 1.3-7.1) for HPN and 3.1 min (IQR
Study population 1.8-4.8) for EPN when only the first induction was

A total of 123 individuals were eligible for the study,  taken into account.
of whom 66 (53.7%) were HIV-positive, 55 (44.7%)
were HIV-negative and two (1.6%) refused HIV test- ~ Smear and culture results
ing. Median age was 39.0 years (interquartile range  Three individuals were diagnosed with smear-positive
[IQR] 29.1-49.0) and 63 (51.2%) were women. Nine ~ TB. Two had smear-positive HPN and EPN samples,
(7.3%) individuals refused to participate in the study: ~ while the other individual had a smear-positive EPN
seven HIV-infected individuals and two HIV-negative = sample but a smear-negative HPN sample. All six
TB suspects. Five individuals (4.4%) were unable to  samples from these three individuals were culture-
produce a sputum sample (Figure 2). positive for TB (Table 2).

Four individuals were diagnosed with smear-
Sputum quality and time to induction negative, culture-positive TB, of whom two grew
Sputum quality was assessed in 109 paired sputum M. twberculosis in both samples (HPN- and EPN-
samples. Overall, the proportions of good quality spu-  induced). However, the HPN samples of the remain-
tumn according to the different assessment criteria were  ing two individuals were reported as culture-negative.
higher among sputum samples induced by the HPN The quality of the smear and/or culture-positive

Table 1 Number and percentage of good quality sputum induced by the human-powered and electric-powered nebulisers
according to different assessment criteria

McCarter and Murray and
Robinson'® Van Scoy'? Geckler et al.1® Washington'® Barlett20
Nebuliser n (%) P value n (%) Pvalue n (%) Pvalue n (%) Pvalue n (%) Pvalue

Human powered 91 (83.5) 0.08 29 (26.6) 0.63 94 (86.2) 0.11 67 (61.5) 0.88 30(27.5) 0.05
Electric powered 81 (74.3) 25(22.9) 85 (78.0) 65 (59.6) 19(17.4)
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Table 2 Smear- and/or culture-positive cases: sputum quality according to different assessment criteria

McCarter and

Murray and
Smear Culture Robinson'é Van Scoy'? Geckler et al.18 Washington'® Barlett20
HPN EPN HPN EPN HPN EPN HPN EPN HPN EPN HPN EPN HPN EPN
+ + + + Good Good Poor Poor Good Good Good Good Good Good
+ + + + Good Poor Good Poor Good Gooed Good Good Good Poor
- + + + Good Good Poor Poor Good Good Good Poor Poor Poor
- - - + Good Good Poor Poor Good Good Good Good Poor Poor
- - - + Good Good Good Poor Poor Good Poor Good Poor Poor
- - + + Good Poor Good Poor Poor Good Poor Good Poor Poor
- - + + Good Good Good Poor Poor Good Poor Poor Poor Poor

HPN = human-powered nebuliser; EPN = electric-powered nebuliser.

sputum samples varied greatly. The majority of the
samples were assessed as good quality according to
the criteria of McCarter and Robinson and Geckler
et al., but were assessed as poor quality according to
Van Scoy and Barlett.

DISCUSSION

To our knowledge, this is the first study to assess the
efficacy of a nebuliser that does not require battery or
electric power for sputum induction for TB diagnosis.
We found that the HPN was comparable to the ultra-
sonic electric nebuliser in terms of sputum quality
when used to induce sputum in HIV-negative TB sus-
pects and HIV-positive individuals.

Sputum induction was successful in the majority
of individuals (95.6%), and there was no difference
in the time to sputum induction. This is important in
under-resourced settings where human resources for
health are scarce and staff would not be easily moti-
vated to perform procedures that require additional
time and may not be successful. The majority of the
participants were able to produce induced sputum
samples within § min, and none abandoned the pro-
cedure due to discomfort or bronchospasm. This em-
phasises yet again that sputum induction is safe,
quick and easy to perform, as shown in several other
studies.10:12

The prototype of the HPN was built with a spe-
cific focus on resource-limited settings. The material
used for the construction of the HPN is cheap and
readily available, and the device is easy to construct
and repair by non-engineers. These characteristics
make the HPN an ideal device for resource-limited
settings where highly specialised biomedical engi-
neers are not available.

The major limitation of this study is the lack of
power to investigate the diagnostic yield for TB com-
paring HPN- and EPN-induced sputum. The major-
ity of TB-positive specimens were classified as poor
quality by criteria that used SEC counts to assess
specimen quality, which is consistent with findings
from other studies.162! The fact that some TB cases
were missed by the HPN is most likely due to chance,
but will certainly need further investigation.

Another limitation of this study is the different

make of the two nebulisers. The HPN was a jet nebu-
liser whereas the EPN was an ultrasonic nebuliser.
The study therefore could not strictly compare the
electric vs. the human powered compressor system.
As this was a substudy of an ongoing intensified case-
finding study that had been using an ultrasonic nebu-
liser previously,22 it was felt that a change in nebuliser
could possibly compromise the results of the main
study. It was therefore decided that the jet HPN should
be compared with the standard of care in this mobile
HIV testing service.

The HPN weighs less than 5 kg and measures 50 X
55 X 38 cm. It does not require any electricity and it
can be operated by lay community health workers.
This device is suitable not only for remote clinics
with unreliable electricity, but also for mobile services
and community-based intensified TB case finding.
Several recent community and workplace-based TB
prevalence surveys in sub-Saharan Africa have shown
the high burden of undiagnosed TB in communi-
ties,23-27 raising the question of whether a clinic-based
approach alone will be sufficient for TB control. In-
terventions to facilitate community-based TB and
HIV diagnosis have been shown to be acceptable
and feasible.28-3! More importantly, a recent trial of
community-based active TB case finding in Zimba-
bwe provided evidence that active case finding can
have a positive impact on TB control.32 However,
community-based TB diagnosis often relies on spon-
taneously expectorated spot sputum samples, imped-
ing TB diagnosis in individuals unable to produce
sputum. Thus, the role of the HPN in community-
based TB case finding merits further investigation.

Acknowledgements

The authors thank all participants and the dedicated staff of the
mobile HIV testing service and M R Glucksberg who supervised
EH and PP during their stay in Cape Town. This study was funded
by the Wellcome Trust and Marquette University. EH and PP were
funded by a grant from the Northwestern University Alumnae
Association.

References

1 World Health Organization. Global tuberculosis control: epi-
demiology, strategy, financing: WHO report 2009. WHO/HTM/
TB/2009.411. Geneva, Switzerland: WHO, 2009.

2 Wallis R S, Pai M, Menzies D, et al. Biomarkers and diagnos-



1081

Sputum induction using a human-powered nebuliser

tics for tuberculosis: progress, needs, and translation into prac-
tice. Lancet 2010; 375: 1920-1937.

3 World Health Organization. Reduction of number of smears
for the diagnosis of pulmonary TB. Geneva, Switzerland:
WHO, 2007.

4 World Health Organization. Report of the 9th meeting of the
Strategic and Technical Advisory Group on Tuberculosis
(STAG-TB). Geneva, Switzerland: WHO, 2009.

§ Cruz A T, Starke ] R. Clinical manifestations of tuberculosis in
children. Paediatr Respir Rev 2007; 8: 107-117.

6 Lawson L, Yassin M A, Thacher T D, et al. Clinical presenta-
tion of adults with pulmonary tuberculosis with and without
HIV infection in Nigeria. Scand ] Infect Dis 2008; 40: 30-35.

7 Reid M J, Shah N S. Approaches to tuberculosis screening and
diagnosis in people with HIV in resource-limited settings. Lan-
cet Infect Dis 2009; 9: 173-184.

8 Swaminathan S, Paramasivan C N, Kumar S R, Mohan V,
Venkatesan P. Unrecognised tuberculosis in HIV-infected pa-
tients: sputum culture is a useful tool. Int ] Tuberc Lung Dis
2004; 8: 896-898.

9 Mtei L, Matee M, Herfort O, et al. High rates of clinical and
subclinical tuberculosis among HIV-infected ambulatory sub-
jects in Tanzania. Clin Infect Dis 2005; 40: 1500-1507.

10 Parry C M, Kamoto O, Harries A D, et al. The use of sputum
induction for establishing a diagnosis in patients with sus-
pected pulmonary tuberculosis in Malawi. Tubercle Lung Dis
1995; 76: 72-76.

11 McWilliams T, Wells A U, Harrison A C, Lindstrom S, Cam-
eron R J, Foskin E. Induced sputum and bronchoscopy in the
diagnosis of pulmonary tuberculosis. Thorax 2002; 57: 1010-
1014.

12 Zar H J, Hanslo D, Apolles P, Swingler G, Hussey G. Induced
sputum versus gastric lavage for microbiological confirmation
of pulmonary tuberculosis in infants and young children: a
prospective study. Lancet 2005; 365: 130-134.

13 Brown M, Varia H, Bassett P, Davidson R N, Wall R, Pasvol G.
Prospective study of sputum induction, gastric washing, and
bronchoalveolar lavage for the diagnosis of pulmonary tuber-
culosis in patients who are unable to expectorate. Clin Infect
Dis 2007; 44: 1415-1420.

14 Paggiaro P L, Chanez P, Holz O, et al. Sputum induction. Eur
Respir J Suppl 2002; 37 (Suppl): 35-8S.

15 van Schaik N, Kranzer K, Wood R, Bekker L G. Earlier HIV
diagnosis: are mobile services the answer? $ Afr Med ] 2010;
100: 671-674.

16 McCarter Y S, Robinson A. Quality evaluation of sputum
specimens for mycobacterial culture. Am J Clin Pathol 1996;
105: 769-773.

17 Van Scoy R E. Bacterial sputum cultures. A clinician’s view-
point. Mayo Clin Proc 1977; 52: 39-41.

18 Geckler R W, Gremillion D H, McAllister C K, Ellenbogen C.
Microscopic and bacteriological comparison of paired sputa
and transtracheal aspirates. J Clin Microbiol 1977; 6: 396-399.

19 Murray P R, Washington ] A. Microscopic and bacteriologic

analysis of expectorated sputum. Mayo Clin Proc 1975; 50:
339-344.

20 Barlett R C. Medical microbiology: quality cost and clinical
relevance. New York, NY, USA: Wiley, 1997.

21 Khan M S, Dar O, Tahseen S, Godfrey-Faussett P. Judging res-
piratory specimen acceptability for AFB microscopy: visual vs.
microscopic screening. Trop Med Int Health 2009; 14: 571~
575.

22 Kranzer K, Bekker L G, Lawn $ D, et al. Intensified TB case
finding among HIV-negative TB suspects linked to a mobile
VCT service, Cape Town. 41st Union World Conference on
Lung Health, Berlin, Germany. Abstract FA-100073-13. Int ]
Tuberc Lung Dis 2010; 14 (Suppl 2): S57.

23 Ayles H, Schaap A, Nota A, et al. Prevalence of tuberculosis,
HIV and respiratory symptoms in two Zambian communities:
implications for tuberculosis control in the era of HIV. PLoS
One 2009; 4: e5602.

24 Corbett E L, Bandason T, Cheung Y B, et al. Prevalent infec-
tious tuberculosis in Harare, Zimbabwe: burden, risk factors
and implications for control. Int J Tuberc Lung Dis 2009; 13:
1231-1237,

25 Corbett E L, Charalambous S, Moloi V M, et al. Human im-
munodeficiency virus and the prevalence of undiagnosed tu-
berculosis in African gold miners. Am J Respir Crit Care Med
2004; 170: 673-679.

26 Corbett E L, Bandason T, Cheung Y B, et al. Epidemiology of
tuberculosis in a high HIV prevalence population provided
with enhanced diagnosis of symptomatic disease. PLoS Med
2007; 4: e22.

27 den Boon S, van Lill S W, Borgdorff M W, et al. High preva-
lence of tuberculosis in previously treated patients, Cape Town,
South Africa. Emerg Infect Dis 2007; 13: 1189-1194.

28 Corbett E L, Marston B, Churchyard G J, De Cock K M. Tu-
berculosis in sub-Saharan Africa: opportunities, challenges,
and change in the era of antiretroviral treatment. Lancet 2006;
367: 926-937.

29 Kimerling M E, Schuchter J, Chanthol E, et al. Prevalence of
pulmonary tuberculosis among HIV-infected persons in a home
care program in Phnom Penh, Cambodia. Int ] Tuberc Lung
Dis 2002; 6: 988-994.

30 Ferreira M M, Ferrazoli L, Palaci M, et al. TB and HIV infec-
tion among female inmates in Sao Paulo, Brazil: a prospective
cohort study. ] Acquir Immune Defic Syndr Hum Retrovirol
1996; 13: 177-183.

31 Desormeaux J, Johnson M P, Coberly ] S, et al. Widespread
HIV counseling and testing linked to a community-based tu-
berculosis control program in a high-risk population. Bull Pan
Am Health Organ 1996; 30: 1-8.

32 Corbett E L, Bandason T, Duong T, et al. Comparison of two
active case-finding strategies for community-based diagnosis of
symptomatic smear-positive tuberculosis and control of infec-
tious tuberculosis in Harare, Zimbabwe (DETECTB): a cluster-
randomised trial. Lancet 2010; 376: 1244-1253.



Sputum induction using a human-powered nebuliser i

RESUME

OBJECTIFS : Investiguer la qualité des échantillons
d’expectoration provoquée lorsqu’on utilise respective-
ment un nébuliseur propulsé par '’homme (HPN) et un
nébuliseur propulsé par le courant électrique (EPN).
METHODES : Chez chaque participant, on a prélevé deux
échantillons d’expectorations provoquées, utilisant respec-
tivement I’HPN et ’EPN. La séquence des deux nébuli-
seurs a été attribuée au hasard. La proportion d’ex-
pectoration de bonne qualité, en fonction de différents
critéres d’évaluation, a été comparée par un test exact
McNemar. La différence dans la durée avant expectora-
tion a été comparée par le test « matched-pairs signed
rank » de Wilcoxon.

RESULTATS : Au total, 123 individus ont été éligibles
pour cette étude. Il y a eu refus de participation chez
neuf d’entre eux et incapacité de produire un échantillon

de crachats chez cinq. La proportion d’expectorations
de bonne qualité a été plus élevée dans les échantillons
de crachats induits par HPN par comparaison avec les
échantillons de crachats obtenus aprés PEPN. La durée
médiane avant production d’un échantillon de crachats a
€té de 2,2 min (IQR 1,13-4,1) pour I’'HPN et de 2,5 min
(IQR 1,4-4,1) pour I'EPN.

CONCLUSION : ’HPN produit une expectoration de
bonne qualité et ce dans les 3 min. Cet appareil n’exige
pas 'utilisation d’électricité et est adapté non seulement
aux dispensaires éloignés, oil 'accés au courant électrique
est irrégulier, mais aussi pour les services mobiles et pour
les dépistages intensifiés des cas de tuberculose (TB) au
sein de la collectivité. Des recherches complémentaires
doivent investiguer le rendement en matiére de TB dans
les échantillons de crachats induits par ’'HPN.

RESUMEN

OBJETIVOS: Investigar la calidad de las muestras de
esputo inducido que se obtienen mediante la utilizacién
de un nebulizador accionado en forma mecanica (HPN)
y un nebulizador eléctrico (EPN).

METODOS: Se obtuvieron de cada participante dos
muestras de esputo inducido; una muestra se obtuvo
mediante el uso de un HPN y la otra con un EPN. La se-
cuencia de los nebulizadores se asigné de manera alea-
toria. La proporcion de muestras de buena calidad, segin
diferentes criterios de evaluacién, se compar6 mediante
la prueba exacta de McNemar. Se comparé ademis el
lapso hasta la obtencién de la expectoracién con la
prucba de Wilcoxon para datos emparejados.
RESULTADOS: Ciento veintitrés personas cumplieron
con los requisitos del estudio. Nueve personas rehusa-
ron participar y cinco no pudieron producir muestras de

esputo. La proporcién de muestras de esputo de buena
calidad fue mas alta en las muestras inducidas con el
nebulizador mecinico que con el nebulizador eléctrico.
La mediana del lapso hasta obtener la muestra de esputo
fue 2,2 min (IQR 1,13-4,1) con el HPN y 2,5 min (IQR
1,4-4,1) con el EPN.

CONCLUSION: El HPN induce una muestra de esputo
de buena calidad en un tiempo de 3 min. El dispositivo
funciona sin electricidad y es adecuado, no solo en los
consultorios alejados que no cuentan con un aprovisio-
namiento fiable de energia eléctrica, sino también en los
servicios méviles y en las campafias comunitarias de bis-
queda intensificada de casos de tuberculosis. Se precisan
nuevas investigaciones que evalden el rendimiento diag-
néstico de las muestras de esputo inducidas por el HPN,




6 Feasibility, yield and cost of an active TB case finding
program linked to a mobile HIV testing service in Cape
Town, South Africa

6.1 Introduction

Active TB case finding in HIV infected individuals has been recommended by the
WHO as part of the ‘Three I's’ policy initiative [1,2]. Screening of household
contacts of infectious TB cases has also been recommended for a long time [3,4,5],
but population-wide mass-screening has been widely discouraged due to high cost,
low cost-effectiveness and poor sustainability [6,7]. However, more recently a
study from Zimbabwe has shown a decline of TB prevalence from 6.5 to 3.7 per
1000 adults following community-level active TB case finding [6], which led to

reactivated interest in population-wide interventions.

Active TB case finding aims at reducing barriers for early TB case detection such as
delays in the person presenting to a health facility and the health worker
identifying the person as a TB suspect and initiating appropriate investigations.
The ultimate goal of active TB case finding is to reduce TB transmission in the

community through improved case detection and reduction in diagnostic delays.

The yield of active TB case finding determines the number needed to screen and is
context specific, depending on local TB prevalence, the function of local TB control
services, HIV prevalence and the specificity and sensitivity of the screening tool
[8]. Other important parameters framing decisions on implementing active TB case
finding include the feasibility and cost of screening, the laboratory capacity,

diagnostic tests available and treatment outcomes in newly detected cases.
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The WHO is currently developing guidelines on screening for TB disease with the
aim to inform national TB screening strategies based on the local epidemiological,
demographic and health system situation [7]. However, the development of
guidelines is complicated by significant gaps in knowledge regarding mass
screening strategies in high TB and HIV prevalence settings. In particular,
screening strategy, the type of diagnostic test, cost-effectiveness of active TB case

finding and the treatment outcomes of actively detected cases remain unclear.

We report the results of a study investigating the feasibility, uptake, treatment
outcomes and cost of an active TB case finding program linked to a mobile HIV

testing service in Cape Town, South Africa.

6.2 Methods

6.2.1 Setting

This study was conducted at a mobile HIV testing service over 19 months from
May 2009 to February 2011. The service operated in underserviced peri-urban
areas in greater Cape Town, South Africa, and has been described in detail
elsewhere [9]. In brief, this nurse-run and counsellor-supported unit provided free
HIV counselling and testing in combination with free screening for other chronic
conditions (hypertension, diabetes and obesity) and TB. Rapid HIV testing was
performed according to the guidelines of the Provincial Government of the
Western Cape [10]. The mobile unit was parked at township shopping centres, taxi
ranks, stations, and the road side. The service was not formally advertised and

hence attracted ambulatory clients who spontaneously accessed HIV testing or

other services.
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6.2.2 Mobile clinic procedures

All individuals accessing the mobile clinic were registered using a biometric
fingerprint system, with no names or other personal identifiers in the registration
process (Figure 6.1). They were then seen by a nurse for rapid HIV testing and
chronic disease screening including TB symptom screening, followed by a one-to-
one counselling session. All individuals with symptoms suggestive of TB (TB
suspects) received a referral letter to their nearest clinic for further evaluation as
indicated. Figures 6.1 and 6.2 demonstrates the different steps a patient had to

undergo when accessing the mobile clinic and active TB case finding programme.

6.2.3 Study procedures
6.2.4 Screening

All HIV negative adults with symptoms suggestive of TB and all HIV positive or
diabetic adults regardless of symptoms were eligible for the study. All eligible
individuals were identified as such by the nurse. The lay counsellor collected
detailed contact information from eligible individuals and referred them to the
study nurse for participation in the study (Figure 6.1). Individuals who consented
to participate in the study were asked about symptoms, health seeking behaviour,
previous TB episodes, educational status, employment and history of
imprisonment. They were asked to provide one sputum sample and were
encouraged to do so by sputum induction, but could choose to provide a spot
sample. Sputum samples were sent to the laboratory within 24 hours. The samples

underwent fluorescent microscopy and liquid culture.
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Figure 6.1: Procedures and patient flow in the mobile clinic
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The numbers in black circles refer to the pictures in Figure 6.2.

Figure 6.2: Pictures showing the different procedures in the mobile service

Typical township in Cape Town, where the mobile clinic operated.
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@® HIV testing using a rapid HIV test.

® CD 4 count testing using a point of
care CD4 count machine (PIMA). Inset:
PIMA machine.
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The Rood to Positive Neolth

© Counsellor explains the meaning of CD4 counts using a road to health card.
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@ Research nurse packs containers for transport.
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© Sputum induction inthe sputum tent.

The numbers in black circles refer to the positions in the procedures and patient flow in
the mobile clinic (Figure 6.1).
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6.2.4.1 Sputum induction:

Individuals were asked to rinse their mouth with water before the procedure.
Sputum induction was performed in an open-roofed tent using 15-20 ml sterile 3%
hypertonic saline solution and an ultrasonic Flo-Eolo nebuliser (CA-Mi, Pliastro,
Italy) powered by a generator. Individuals breathed through the nebuliser
mouthpiece until a satisfactory sample was produced or he/she wished to abandon

the procedure. The procedure was performed without a nose clip.

6.2.4.2 Laboratory procedure

Sputum samples were analysed within accredited laboratories using standardized
protocols and quality control procedures. Following decontamination with N-
acetyl-L-cysteine sodium hydroxide, centrifuged sputum deposits were examined
for acid-fast bacilli using auramine O fluorescent stain and cultured using
mycobacterial growth indicator tubes (MGIT, Becton- Dickinson, Sparks, Maryland,
USA). Bacillary density was graded as scanty, 1+, 2+, and 3+, and all such smears
were defined as “smear-positive”. The time to automated culture growth detection
was recorded. Culture isolates positive for acid-fast bacilli were identified as
Mycobacterium tuberculosis or as Mycobacterium other than tuberculosis (MOTT)
complex and assessed for genotypic resistance using the MTBDRplus assay (Hain
Lifescience). Isolates also underwent phenotypic resistance testing for rifampicin
and isoniazid by automated liquid MGIT culture (using the modified proportion

method and standard protocols).
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6.2.4.3 Follow-up

TB results were received from the laboratory on a daily bases by post and email.
The laboratory contacted the programme manager or research nurse by phone for
smear-positive results, who then contacted individuals with smear- and/or
culture-positive TB to inform them of their positive result and referred them to a
clinic of their choice. In the referral letter clinic nurses were asked to repeat
sputum smears and cultures and perform chest radiograms if indicated. Multiple
attempts were made to contact individuals either by phone, home visit or letter.
Home visits were particularly time consuming and challenging in squatter camps
and informal settlements. Individuals who were contacted face to face were asked
to provide a second sputum sample to confirm the positive TB result. Clinics were
contacted to ascertain dates of TB treatment initiation, TB register number and
treatment outcomes. The research nurse performed clinic visits to check the TB
register if the TB clinic nurse was unable to provide the information by phone.
Individuals who did not attend the clinic were contacted again to encourage
linkage to care. The Cape Town municipality's HIV, TB and STI unit was informed

to notify TB cases where contact with the individuals could not be established.

6.2.5 Definitions

Active case finding in this program was defined as TB symptom screening followed

by submission of sputum samples. TB screening was defined as sputum induction
(or spot sputum). The ‘traditional WHO symptom screen’ was defined as any of the

following: cough>2 weeks, weight loss, fever, night sweats or haemoptysis. The
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‘new WHO symptom screen’ was defined as having any of the following symptoms:

current cough, fever, weight loss, night sweats or haemoptysis [2,11].

6.2.6  Cost analysis

An incremental cost analysis investigating the costs of adding TB screening
through sputum induction to an existing mobile HIV testing service was performed
adopting a health service provider perspective. Financial costs included the costs
of human resources (clinical nurse practitioner, programme manager, counsellor),
equipment (tents, nebuliser, generator), consumables (gloves, masks, tubes
disinfectant), transport, laboratory tests and rent. Costs were divided into capital
and recurrent costs [12], and capital costs were annualized and discounted at 6%
per year [13]. Cost data from previous years were adjusted for inflation to 2011
constant costs [14] and converted to US dollars (USD 1.00 = ZAR 7.40) [15]. Owing
to the incremental nature of the cost analysis, resources shared with other
interventions such as screening for HIV and other diseases were excluded from the
analysis. Some of the resources were joint resources and were allocated
proportionally. In order to analyse what staff time had been spent exclusively on
TB screening activities, time-motion studies of all staff involved were conducted
over one week in August 2010 and two weeks in January 2011, with a total of 13
complete screening days being observed. The two time periods were chosen, as
attendance rates and working conditions varied according to season. Additionally,
the research nurse kept a log file to estimate staff time spent on follow-up of
individuals with positive smears and/or cultures. Cost of first line TB treatment

was obtained from the literature [16,17], for patients who died or defaulted
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treatment costs were allocated proportionately based on their time spent on

treatment.

6.2.7 Measure of effectiveness

Effectiveness was measured as the rates of smear- and/or culture-positive disease,
and the proportion of individuals with TB disease with a positive treatment
outcome (cured or treatment completed). Treatment initiation dates, treatment
outcomes and date of outcomes were determined by contacting TB clinics. The

research nurses verified the outcomes by checking clinic TB registers.

6.2.8 Screening strategy and sensitivity analysis

Different screening strategies were assessed regarding their yield, treatment
outcomes and cost. Screening strategies only differed with regards to HIV positive
individuals. All HIV negative individuals with symptoms suggestive of TB (TB
suspects) were assumed to undergo sputum investigations. Strategy I (base
scenario) screened all HIV infected individuals regardless of symptoms. Strategy 11
assessed what would have been seen if screening was of all individuals with
symptoms suggestive of TB according to the new WHO symptom screen. Strategy
11l assessed the effect of screening all individuals with CD4 counts <200 cells/ul or
unknown CD4 counts regardless of symptoms and all individuals with CD4 counts
>200 cells/ul and symptoms suggestive of TB according to the new WHO symptom
screen. Strategy IV assessed the effect of screening all individuals with symptom

suggestive of TB according to the traditional WHO symptom screen. Sensitivity
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analyses were conducted for different levels of staff salaries, assuming that the

outcomes would remain the same.

6.2.9 Statistical analysis

All analyses were carried out using Stata version 11.0 (Stata Corp. LP, College
Station, TX, United States of America). Proportions were calculated for categorical
variables, and medians and interquartile ranges (IQR) for continuous variables.
Differences in proportions were assessed using 2 test and differences in medians
were assessed using Wilcoxon rank sum test. The mean cost per examined sputum,
TB case and TB case with positive treatment outcome was calculated by summing
the cost of all resources and dividing them by the number of sputum samples, TB

cases diagnosed and TB case with positive outcomes.

6.2.10 Ethics statement

Written informed consent was obtained from all individuals participating in the
study. Data collection and analysis was approved by the University of Cape Town
Ethics Committee and Partners Human Subjects Institutional Review Board and

the London School of Hygiene and Tropical Medicine Ethics Committee.

6.3 Results

6.3.1 Operational data

TB screening was performed on 181 days over a period of 19 months at 58
different sites. The majority of sites were in deprived areas, near townships and

squatter camps. A total of 6,309 adults accessed the services of the mobile clinic,
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85 were not tested for HIV, 5551 tested HIV negative, 370 were newly diagnosed
with HIV and 388 were known HIV positive. Overall HIV prevalence in individuals
tested was 12.0%. The median number of adults tested for HIV per day was 34

(IQR 27-41). The median number of individuals screened for TB was 6 (IQR 3-8),

with a maximum number of 23 individuals per screening day.

6.3.2 Uptake of TB screening

A total of 1,385 individuals were eligible for TB screening through sputum
induction: 627 were HIV negative, 370 were newly diagnosed HIV positive and 388
were known HIV positive (Figure 6.1). 1130 (81.6%) of all eligible individuals
underwent screening. Individuals who were not screened were younger, more
likely to be HIV positive and had a higher body mass index compared to individuals
who underwent TB screening (Table 6.1). Failure to undergo screening was more

likely in the first year of the study compared to the second year.

The majority of individuals (62.9%) who failed to complete TB screening said they
did not have time to wait or they absconded without seeing the TB nurse. The
remaining 164 individuals (37.2%) were missed because the nurses or counsellors
did not refer them for screening. The proportion of individuals who absconded was

highest in newly diagnosed HIV infected individuals (85.4%).

Among the individuals undergoing TB screening a considerable proportion was
unable to produce a sputum sample or sputum results were inconclusive due to
contamination (Figure 6.3). Overall 60.9% of all eligible individuals had an
interpretable sputum result. Proportions with interpretable sputum results were

64.3%, 55.9% and 61.6% among HIV negative, newly diagnosed and known HIV
infected individuals respectively.

62



Table 6.1: Baseline characteristics for clients eligible for the study stratified

by screening

y Total

Viasiablos a Not screened Screened p
N=1395 N=265 N=1130
Medi

Age (fQ:;" 35.2(27.6-44.7) 32.8(26.642.1)  359(27.9-45.7)  0.01
Men N (%) 498 (35.7%) 92 (34.7%) 406 (35.9%) 0.71
HIV status

Negative N (%) 637 (45.7%) 103 (38.9%) 534 (47.3%)

Newly diagnosed

Sk N (%) 370 (26.5%) 82 (30.9%) 288 (254%) (05

Known positive N (%) 388 (27.8%) 80 (30.2%) 308 (27.3%)
CDA4 cell count at
screening (cell/pl) in Median
et it (IQR) 426 (302-606) 423 (300-603) 479 (308-631)  0.23
individuals

Medi

Body mass index (fg;a)" 24.6(21.4-29.7) 25.7(21.830.5)  24.4(21.429.4)  0.03
Diabetes N (%) 58 (4.2%) 10 (4.0%) 48 (4.3%) 0.84
Study year

Year1 N (%) 827 (59.3%) 183 (69.1%) 644 (57.0%)

Year 2 N (%) 568 (40.7%) 82 (30.9%) 468 (43.0%) s

Figure 6.3: Flowchart of individuals participating in the study
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6.3.3 Baseline characteristics

A total of 1130 individuals participated in the study and underwent screening. The
median age was 35.9 years and 35.9% were men (Table 6.2). Financial insecurity
was high with 22.7% of individuals reporting no regular income. Among
individuals with regular income, employment or regular work accounted for only
35.3%. The median income was ZAR 1000 (equivalent to USD 135) per month. The
majority of individuals lived in informal settlements or squatter camps (63.1%)

and had less than 12 years of school education (78.0%).

Median body mass index was 24.4 (IQR 21.4-29.4) A quarter of individuals had had
TB before and 21.2% lived with somebody who had been treated for TB within the
last year. The median CD4 count was 434 cells/ul (IQR 316-617) in newly
diagnosed and 403 cells/pl (IQR 288-570) in known HIV infected individuals. 40%
of the known HIV infected individuals were on ART at the time of screening with a

median time on ART of 3.1 years (IQR 1.1-6.5).

The most prevalent symptom among HIV negative TB suspects was cough (84.3%),
followed by night sweats (74.0%) and weight loss (53.2%). Overall 497 (93.1%) of
the 534 HIV negative TB suspects screened positive for symptoms suggestive of TB
according to the traditional WHO symptom screen. The remaining 37 were
asymptomatic and diabetic (N=10) or reported cough for less than 2 weeks
(N=27). A total of 174 (60.4%) of the newly diagnosed and 183 (59.4%) of the
known HIV infected individuals screened positive according to the new WHO
symptom screen. Cough was the most prevalent symptom among both newly

diagnosed (43.1%) and known HIV infected individuals (43.2%).
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Only 20.7% (N=170) of all individuals reporting symptoms had previously sought
health care for their current symptoms. Of those who had sought health care

61.8% had undergone sputum investigations and 31.8% had had a chest

radiogram.

6.3.4 Yield of TB screening

Among all HIV negative individuals or individuals with unknown HIV status who
accessed the mobile service and benefited from active case finding, including those
who were unable to provide a sputum sample, prevalence was 0.2/100 (95% CI
0.1-0.4) for smear-positive TB and 0.5/100 (95%CI 0.3-0.7) for culture-positive
TB. Among individuals newly diagnosed with HIV, TB prevalence was 2.2/100
(95%CI 0.9-4.2) for smear-positive and 4.9/100 (95%CI 2.9-7.6) for culture-
positive disease. Prevalence was 0.3/100 (95%CI 0.0-1.4.) for smear positive and

3.0 (95%CI 1.6-5.) for culture-positive TB in individuals with known HIV infection.

The overall prevalence of smear positivity among individuals providing a sputum
sample was 2.0/100 (95%CI 1.2-3.0) (Table 6.3). Prevalence of smear positive TB
was 2.2/100 (95%CI 1.1-4.0), 3.3/100 (95%CI 1.4-6.4) and 0.4/100 (95%CI 0-2.0)
in HIV negative TB suspects, newly diagnosed and known HIV infected individuals,
respectively. Prevalence of culture-positive TB was 5.5 /100 (95%CI 4.2-7.1)
overall. In HIV negative TB suspects, newly diagnosed and known HIV infected
individuals prevalence of culture-positive TB was 5.3/100 (95%Cl 3.5-7.7),
7.4/100 (95%CI 4.5-11.5) and 4.3/100 (95%CI 2.3-7.4), respectively. Median time

to culture positivity was 13.5 days (IQR 8-22). All isolates were sensitive to

rifampicin and isoniazid.
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Table 6.3 Tuberculosis prevalence in patients submitting a sputum sample

Newly Known
Variables N?;t:]l.l NTX9-1 diagnosed HIV+ HIV+
N=243 N=277
Smear result
Overall positive N (%) 20 (2.0%) 11 (2.2%) 8 (3.3%) 1(0.4%)
Scanty N (%) 3 (0.3%) 1(0.2%) 2 (0.8%) 0 (0.0%)
1+ N (%) 6 (0.6%) 3(0.6%) 2 (0.8%) 1(0.4%)
2+ N (%) 6 (0.6%) 4 (0.8%) 2 (0.8%) 0 (0.0%)
3+ N (%) 5 (0.5%) 3 (0.6%) 2 (0.8%) 0 (0.0%)
Culture result
Negative N (%) 746 (73.8%) 346 (70.5%) 180 (74.1%) 220 (79.4%)
Contaminated N (%) 162 (16.0%) 88 (17.9%) 36 (14.8%) 38 (13.7%)
MOTT N (%) 47 (4.7%) 31 (6.3%) 9 (3.7%) 7 (2.5%)
M. tuberculosis N (%) 56 (5.5%) 26 (5.3%) 18 (7.4%) 12 (4.3%)
Dl to s Median 13.5(8-22)  12(7-17) 13 (8-22) 19 (14.5-27)
positivity (IQR)

6.3.5 CD4 counts and WHO symptom screens in HIV infected
individuals

TB prevalence was highest in patients with CD4 counts <200 cells/ul (28.6%;
95%CI 9.7-30.9), followed by patients with missing CD4 counts (7.7%; 95%CI 9.5-
25.1). TB prevalence was 5.3% (05%CI 2.0-11.1), 4.3% (95%CI 1.6-9.1), 2.8%
(95% 0.9-6.3) in patients with CD4 counts of 201-350, 351-500, >500 cells/pl,

respectively.

The new WHO symptom screen had a sensitivity of 87.7% (95%CI 69.3-96.2) and
specificity of 39.4% (95%CI 35.0-43.9). Sensitivity was 100% (95%ClI 71.5-100.0)
and specificity 29.8% (95%CI 17.3-44.5) in patients with CD4 counts <200 cells/pl.
The traditional WHO symptom screen had a sensitivity of 83.3% (95%CI 65.3-

94.4) and specificity of 46.1% (95%CI 41.6-50.7) in HIV positives.
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6.3.6 Contact rates, treatment initiation and treatment outcomes

Successful contact for follow-up after screening was made with 50 (89.3%, 95%CI
78.1-96.0) of the 56 individuals diagnosed with TB (Table 6.4). Contact success
was higher in smear-positive individuals (95.0%, 95%CI 75.1-99.9) compared to
smear-negative/culture-positive individuals (86.1%, 95% 70.5-95.3) The reasons
for not being able to contact individuals were: imprisonment (N=1), relocation to
an unknown area (N=3) and demolishment of the area where the individual had
lived (N=2). The median time to successful contact from time of positive result was
4 days (IQR 1-10). Medium time to contact was shorter for individuals with smear-

positive TB (1 day, IQR 0-2) compared to individuals with smear-negative/culture-

positive TB (6 days, IQR 4-20).

Of the 50 individuals contacted, a total of 42 were confirmed to have started TB
treatment by contacting the clinic and checking the clinic TB register. Treatment
initiation rates were 89.5% (95%CI 66.9-98.7) in smear-positive and 80.7%
(95%CI 62.5-92.5) in smear-negative/culture-positive cases. Two individuals had
refused treatment and six individuals had not started treatment at their nearest
clinic. Several attempts were made to contact these individuals, but all of them had
moved to an unknown destination. Median time between screening and treatment
initiation was 27 days (IQR 7-54) overall, 6.5 days (IQR 4.5-8) for smear-positive
and 45 days (IQR 32-57) for smear-negative/culture-positive cases. Median time

between successful contact and treatment initiation was 1 day (IQR 0-8).
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Table 6.4: Contact rates and treatment success in patients diagnosed with

tuberculosis
Variables Total Smear+ Smear -/culture +
N=56 N=20 N=36

Successful contact N (%) 50 (89.3%) 19 (95.0%) 31 (86.1%)
Time to successful contact from Median
availability of positive result (days) (1QR) §.3-40 163} Bi%e0)
Treatment started

No N (%) 2 (4.0%) 1(5.3%) 1(3.2%)

Unknown N (%) 6 (12.0%) 1(5.3%) 5(16.1%)

Confirmed N (%) 42 (84.0%) 17 (89.5%) 25 (80.7%)
Time to treatment from screening Median

- 5 (4.5- -57
duts (d8%) (1OR) 27 (7-54) 6.5 (4.5-8) 45 (32-57)
Time to treatment from Median
availability of positive result (days) (1QR) 24:(3:50) 1.5(0:6.5) 431274}
Time to treatment from contact Median
- 5 (0- -23

date (days) (IQR) 1(0-8) 0.5 (0-25) 2 (0-23)
Treatment outcome

Treatment completed or cured N (%) 34 (81.0%) 12 (70.6%) 22 (88.0%)

Died N (%) 2 (4.8%) 1(5.9%) 1 (4.0%)

Defaulted N (%) 5(11.9%) 3 (17.6%) 2 (8.0%)

Treatment interruption N (%) 1(2.4%) 1(5.9) 0 (0.0%)

Overall treatment success rate was 81.0% (N=34/42) (95%CI 65.9-91.4).
Treatment success was 70.6% (95%CI 44.0-89.7) for smear-positive and 88.0%
(95%CI 68.8-97.5) for smear-negative/culture-positive cases. Two individuals died
on treatment, two defaulted and one interrupted treatment, but restarted

treatment 3 months after defaulting.

Of the 42 individuals who had initiated treatment, seven started before a
successful contact could be made (Figure 6.4). In these cases, the initiation of
treatment was not triggered by the positive sputum result. All patients with
symptoms suggestive of TB received a referral letter from the mobile HIV clinic.

These seven individuals had presented with their referral letter to a primary care
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clinic and where started on TB treatment based on clinical presentation and

investigations performed at the clinic.

Figure 6.4: Losses between tuberculosis diagnosis to treatment completion
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6.3.7 Costs and cost effectiveness

The total cost of the screening program was USD 83,559. USD 22,367 (26.8%) were
spent on laboratory tests, USD 37,427 (44.8%) on staff salaries, USD 17.652
(21.1%) on TB treatment, the remaining USD 6,108 (7.3%) were spent on
transport, office rent and utilities, communication, generator and supplies. The
costs were USD 1,117 per TB case detected and USD 2,458 per TB case with a

positive treatment outcome (cured or treatment completed) (Table 6.5).

Outcomes and costs for different screening strategies are presented in Table 6.5
and compared to the base scenario (strategy I: sputum induction in all HIV infected

individuals regardless of symptoms). Strategies differed only with regards to
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sputum induction in HIV infected individuals. All HIV negative TB suspects were

assumed to undergo sputum induction. Strategy II-IV did not significantly differ

with regards to costs. Strategy IV (sputum induction in HIV infected individuals

screening positive according to the traditional WHO symptom screen) was the

most cost-effective strategy. However this strategy would have missed five TB

cases resulting in one smear-positive case not being cured and one smear-

negative/culture-positive case not completing treatment.

Table 6.5: Outcomes, costs and cost-effectiveness indicators for

tuberculosis screening

Costs and outcomes I

(Base case)

Strategy

Strategy Strategy Strategy
I n v

Number needing sputum induction 1130
Number of induced sputum 1012
Number of TB cases detected 56
Number of TB cases with positive outcome 34
(cured or treatment completed)

Total cost of the program (2011 USD) 83,559
Cost per TB case detected (2011 USD) 1,177
Cost per TB case with positive outcome 2458

(cured or treatment completed) (2011 USD)

891 920 856
814 841 780

52 52 51

33 33 32
70,142 71,901 67,408
1,019 1,053 996
2,126 2,179 2,107

Screening strategy for HIV infected individuals (all HIV negative patients with symptoms suggestive of TB

are screened in each of the strategies)

Strategy | (Base case)  Sputum induction in all individuals regardless of symptoms

Strategy Il  Sputum induction in all individuals with symptoms suggestive of TB
according to the new WHO symptom screen

Strategy Ill  Sputum induction in all individuals with CD4 counts < 200 cells/pl or
unknown CD4 counts regardless of symptoms and all individuals with CD4
counts > 200 cells/pl and symptoms suggestive of TB according to the new

WHO symptoms screen

Strategy IV Sputum induction in all individuals with symptoms suggestive of TB
according to the traditional WHO symptom screen
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6.3.8 Sensitivity analysis

Sensitivity analyses were performed for different levels of staff salaries assuming
the same effectiveness. Substituting the clinical nurse practitioner by a staff nurse
would have reduced the cost per TB case diagnosed by 9.1% to USD 1,015 and the
cost per TB case with positive treatment outcome by 10.9% to USD 2,190. Further
reduction in costs would have been achieved if TB screening had been performed
by a lay counsellor and follow-up of TB cases, supervision and program
management was performed by a clinical nurse practitioner. The costs per TB case
diagnosed would have been reduced to USD 705 (36.9%) and the cost per TB case

with a positive treatment outcome to USD 1,681 (31.6%).

6.4 Discussion

This study showed a high uptake and yield of community-based active TB case
finding. It highlighted the substantial losses between TB diagnosis, contacting the
client, treatment initiation and treatment completion or cure. This study is unique
in that it followed patients beyond the diagnosis of TB and ascertained treatment
outcomes. Once a patient had started TB treatment, treatment success was more
than 80%, which was as high as reported from clinics in the Western Cape [18].
Costs were USD 1,177 per TB case diagnosed and USD 2,458 per successfully

treated TB case.
Cost-effectiveness is influenced by various parameters, among them the yield of
screening. The yield depends on the local TB control program, the target

population, screening algorithms, prevalence of HIV infection and severe immune-

74



suppression, the number of specimens obtained (induced or not induced) and the
diagnostic tests employed. The service described in this study was accessed by a
severely socio-economically deprived population as evidenced by high
unemployment, low income and low levels of education. In addition few
individuals had sought medical attention for their symptoms prior to accessing the
service. It is well documented that TB patients and suspects present late to
stationary health facilities, which contributes to delays in diagnosis, morbidity and
mortality [19]. Whether active TB case finding reduces these delays and/or results

in diagnosis of otherwise undiagnosed TB is currently unknown.

HIV prevalence and prevalence of severe immuno-suppression in this mobile HIV
testing service was low compared to stationary services [9]. In addition half of the
HIV positive individuals knew their status already and 40% of the known positives
were on ART at the time of screening. This and the fact that only one sputum
sample was examined explains the lower yield of screening in HIV infected
individuals in this study compared to studies screening individuals at stationary

HIV testing sites [8,20] and at time of ART eligibility screening [21,22,23].

A recent study from South Africa reported results from active TB case finding in
women accessing antenatal care [24]. Despite the women being symptomatic only
half of them were able to produce a spot sputum sample. Few other active case
finding studies report the percentage of sputum samples obtained [25,26]. In
Uganda 78% of individuals with chronic cough were able to produce a spot sputum
[25]). Rates were near to 100% in a population-based TB prevalence survey in

Zambia, where sputum production was assisted by simple breathing techniques
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[26]. In our study 88% of HIV positive individuals with and without symptoms and
92% of HIV negative TB suspects were able to produce a sputum sample. While

these results provide some evidence for the benefit of sputum induction, the

additional yield and costs were not assessed.

The choice and number of diagnostic tests used for screening depends on
availability, feasibility, yield and cost. We chose to investigate all samples by
microscopy and culture as smear-negative/culture-positive individuals contribute
to transmission [27,28]. The yield of culture was more than double compared to
microscopy with an additional cost of USD 12 per sample. A pilot study in lay
health care workers showed that two inductions were not acceptable due to time
constraints and discomfort [29)]. We therefore decided to investigate one and not
two induced sputum samples. A second sputum sample would have increased the
yield, but also the costs. A population-based active TB case finding study from
Zimbabwe investigated two sputum samples with fluorescent microscopy only.
The additional yield of the second sample was 17% using microscopy, but the

additional yield of culture was not assessed [6].

TB diagnosis in this study was made on the bases of one positive sputum resuit.
False positive results due to cross-contamination occur at a frequency of 2-5% in
low TB incidence settings [30,31,32]. An estimated 2.4% (95%CI 0.3-8.8) of all
positive TB cultures were found to be false positive in the laboratory used for this
study [33]. Assuming a cross-contamination rate of 8.8% a total of 5 false positive
diagnoses would have been made in this study. However, we asked all individuals

we contacted face to face for a second confirmatory sputum sample. A total of 29
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interpretable sputum results (non contaminated) were available. Of those 24
(82.8%) were culture positive for Mycobacterium tuberculosis. The remaining five

patients were symptomatic and three of them had a cough for more than 2 weeks.

The success of active TB case finding to decrease transmission relies on treatment
success of actively found cases. Treatment success in actively detected cases
initiated on treatment was comparable with outcomes from passively detected
cases reported from clinics in Cape Town [18]. However we were unable to contact
six individuals (10.7%), two (3.5%) refused treatment and treatment initiation
was unknown for six. These results are similar to results from a population-based
sero-prevalence survey in Cape Town reporting that seven (26%) of 27 individuals
with culture-positive TB did not initiate treatment [34]. The same study showed
that those who did start treatment had similar treatment success rates as passively
detected TB cases (80%). Defaulters prior to treatment initiation are not reported
as part of the routine TB outcome reporting, but rates of initial defaulting of 17-
21% have been reported from stationary health care clinics in South Africa using
passive case finding [35,36,37,38]. More recently a study from Cape Town

reported initial defaulting rates of smear-negative/culture-positive TB cases as

high as 39% [39]

Treatment outcomes might be even more important than the yield of screening. A
new rapid diagnostic, the Xpert MTB/Rif with an overall sensitivity of 90% in TB
suspects reduced the time to start treatment from 56 to 5 days and dropout rates
from 39% to 15% in smear-negative, culture-positive cases in a primary health

care clinic in Cape Town [39,40]. The reduction in diagnostic delay is particularly
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important in mobile services, where contact success is higher the less time has
passed since the person was seen. Contact success was higher in individuals with
smear-positive disease, because results were available within 1-2 days, compared
to individuals with smear-negative/culture-positive disease. Relatively more
resources and time were spent to contact individuals with smear-negative/culture-
positive disease, as patients’ mobile phones stopped working or were lost, stolen

or passed on and individuals had moved to different locations in the meantime.

To our knowledge this is the first study assessing cost of community-based active
TB case finding using a mobile screening unit. Three studies investigated the costs
of active TB case finding in HIV infected individuals only; either as part of isoniazid
preventive treatment programs [41,42] or at the time of ART eligibility assessment
[23]. All studies were performed at stationary HIV testing sites or clinics. The
prevalence of undiagnosed TB in these studies was 19-26% [23,42] and thus the
inflation-adjusted cost per TB case diagnosed was more than three times lower
(USD 318-358) compared to our screening program. None of these studies

assessed treatment outcomes.

This study has several strengths and limitations. The study was conducted as part
of a routine service and provides an opportunity to understand the challenges
faced by mobile services. Mobile services operate under time, space and weather
constraints. As a result a considerable number of individuals were not referred or
did not want to wait for TB screening. Furthermore the population accessing a

mobile service is healthier, less health care seeking and more mobile than
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individuals accessing stationary services, resulting in reduced yield, contact and
treatment initiation rates.

Cost was assessed using an incremental approach. The results will inform policy
makers when considering adding active TB case finding to existing mobile HIV
testing services. Different screening strategies were assessed, showing that
symptom screening in HIV positives prior to sputum induction was more cost-
effective than screening all HIV positive individuals regardless of symptoms. HIV
prevalence is lower in mobile services [9,43,44] compared to stationary services
and therefore a more pragmatic approach to TB symptom screening might be
indicated. For the sake of simplicity the use of a universal symptom screening
algorithm for both HIV negative and positive individuals should be considered. The
potential secondary benefit of the program with regards to numbers of TB cases
prevented was not taken into account in this analysis. Active TB case finding is
likely to have some effect on transmission. Thus taking transmission into account

would have increased the cost-effectiveness of the programme.

This study was conducted at a single site and therefore the findings can only be
generalised to similar settings with comparable levels of deprivation. TB diagnosis
could not be established in 16% of individuals as a result of high contamination
and single sputum investigation. The contamination rate was high probably due to
population characteristics (poor mouth hygiene) or environmental factors
(variable temperature, wind and dust). Previous studies conducted in the same

laboratory reported considerable lower contamination rates [22,45,46].
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A recent study from Kenya concluded that the highest impact would be achieved
when population-based active TB case finding was combined with universal HIV
testing and improved diagnosis of smear-negative TB [47]. Our active TB case
finding program provided integrated TB and HIV services combined with
improved TB diagnostics. The population-based TB case finding study from
Zimbabwe provided valuable evidence that active TB case finding can have a
positive impact on TB control [6]. Our study serves as an example of a TB
screening program integrating HIV and TB services with high uptake, yield and

treatment success and relatively low costs.
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7 Study question part Il

This thesis aimed to investigate losses along the HIV care pathway first by
conducting a literature review, second by describing losses along the HIV care
pathway in a peri-urban settlement in the greater area of Cape Town (Figure 7.1),
estimate ART coverage and investigate the association between ART coverage and

TB risk in a cohort of HIV infected individuals receiving ART.

Figure 7.1: Map of the study community, Masiphumelele
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8 Literature review: losses along the HIV care pathway

Quantifying losses from the care pathway for people living with HIV
infection in sub-Saharan Africa: a systematic review
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8.1 Abstract

Scale-up of antiretroviral treatment (ART) has transformed the prognosis of
people with HIV infection in sub-Saharan Africa. However, due to low HIV test
uptake and losses at each step along the HIV care pathway, including assessment of
ART eligibility, engagement in pre-ART care, initiation of ART and long-term
retention on treatment, only a minority of the individuals in need ever receive the
appropriate long-term care. This article describes this continuum of HIV care,
quantifies losses along the pathway using systematic review and meta-analyses of
published data and addresses possible interventions. Only 39% of HIV-infected
individuals are estimated to know their sero-status. Of these, just 57% complete
assessment of ART eligibility of whom approximately 50% require treatment at
that time-point. Of those not yet eligible, only 45% remain in pre-ART care. Of
those who are eligible, just 66% start ART and 65% remain on therapy after 3
years. These data highlight the huge losses occurring throughout the care pathway,
especially prior to ART initiation. Data regarding interventions to address this
issue are scarce, however. Research is urgently needed to identify effective
solutions so that a far greater proportion of infected individuals can benefit from

long-term ART.

Key words: HIV, Linkage to care, ART, sub-Saharan Africa, Retention in care, HIV

testing, pre-ART
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8.2 Introduction

The success of antiretroviral therapy (ART) roll-out in sub-Saharan Africa has been
remarkable. Between 2004 and the end of 2009, almost 4 million people had
initiated ART, leading to dramatic reductions in HIV-associated morbidity and
mortality [1-5]. However, due to low HIV test uptake and losses along the pathway
between HIV testing and ART treatment [6], only a minority of individuals in need
of ART are estimated to ever start treatment [7]. This is further compounded by

substantial additional losses that occur during long-term treatment [8, 9].

The essential steps in the HIV care pathway are HIV testing, assessment of
eligibility for ART, pre-ART care, initiation of ART and long-term retention on ART.
The importance of linkage and engagement in care has received considerable
attention in high-income countries [10-12] where successes have resulted in
improved health outcomes for the patient [13, 14] and reduced costs for the health
care system [15]. Characterization of losses along the care pathway in high-income
countries [15-17] have informed the development of potential interventions [11].
However, the scale of the challenge is so much greater in sub-Saharan Africa where
millions of patients are in need of life-long treatment and health care systems are
less well developed. It is unclear if interventions developed in high-income

countries will be feasible in this resource-constrained setting.

In the majority of sub-Saharan African countries large scale ART roll-out
commenced from 2004 as treatment became affordable and major donor funding

mechanisms were established [18]. Rapid implementation of vertically driven
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programmes was successful in providing life saving treatment for large numbers of
patients in need. However, this success was achieved with insufficient attention
being given to the establishment of the necessary linkages and integration of HIV
care within the broader health system. These are essential for the establishment of

an effective continuum of care both before and during ART.

Engagement in HIV care starts when an individual first tests positive for HIV
(Figure 8.1). This should be followed by assessment for ART eligibility, which
requires World Health Organization (WHO) clinical staging and/or CD4 count
testing. CD4 count testing is a two-stage process, which requires that a patient’s
blood sample is obtained and sent for processing and then the patient has to return
" to receive this result (typically 1-2 weeks later). Patients who meet the national
criteria for initiation of ART should commence ART without undue delay whereas
patients not yet eligible should be retained in pre-ART care and undergo regular
CD4 count monitoring until the eligibility threshold is reached. Once patients
initiate ART, they should remain on uninterrupted treatment for life. Losses occur
at different steps along this pathway, and may be temporary or permanent. The
care pathway is not a simple linear process and the dynamic nature of linkage,
retention, loss and re-engagement in care, especially in the pre-ART stage, makes

this a challenging pathway to assess.
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To date, the majority of studies from sub-Saharan Africa have focused on
treatment adherence and retention of patients who have started ART (8, 9, 19-22].
However, much more needs to be understood about the earlier components of the
care pathway. In addition, most studies have reported on rates and risk factors for
loss to care, with little focus on potential interventions. In this article we review
the continuum of HIV care and quantify losses along the pathway in sub-Saharan
Africa. For the purpose of this review, we have divided the HIV care pathway into:
(i) HIV testing; (ii) pre-ART care comprising assessment of ART eligibility,
retention in pre-ART care prior to ART eligibility, initiation of ART; and (iii)
retention in ART care (Figure 8.1). Where available, we used synthesized data from
published systematic reviews, or from WHO reports. Where such data were either
unavailable or a more comprehensive review was possible, we conducted
systematic literature reviews and data synthesis using methods described in the
appendix. Possible interventions and operational solutions aimed to reduce losses

at each stage of the pathway are then reviewed and discussed.

8.3 Losses along the pathway
8.3.1 HIV testing

The proportion of HIV-infected individuals in sub-Saharan Africa whose infection
remains undiagnosed is often derived from population-based surveys in which
participants are asked to provide details about previous HIV testing. However, a
considerable proportion of those who report a previous negative test may have
since seroconverted. Thus, the overall median estimate of 39% of people living

with HIV in sub-Saharan Africa knowing their correct HIV status may be an over-
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estimate [7]. This is suggested by some country-level studies. For example, the
Kenya AIDS Indicator Survey linked HIV test results to perceived HIV status [99].
This revealed that among HIV-positive individuals, 56% reported they did not
know their status, 28% mistakenly thought they were HIV-negative and only 16%
actually knew their HIV-positive status [23]. Similarly, in a peri-urban South
African community with high HIV prevalence, the prevalence of previously

undiagnosed HIV was 46% despite the coverage of HIV testing being extremely

high (71%) [24].

This huge reservoir of undiagnosed HIV in sub-Saharan Africa drives high rates of
HIV-associated morbidity, mortality and HIV transmission and has devastating
consequences for individuals and communities. Many patients either die without a
diagnosis being made or the diagnosis is only established once patients have
presented to the health facility with advanced symptomatic disease. The
proportion of undiagnosed HIV in a given population depends on the nature of the
epidemic (generalized or concentrated), HIV incidence, HIV test uptake and
frequency of testing (Table 8.1). In countries with concentrated epidemics,
targeted testing of high risk groups may be the most efficient strategy. Conversely,
in countries with generalized epidemics and high HIV incidence, universal and
frequently repeated HIV testing is likely to be the only strategy to reduce the huge

burden of undiagnosed HIV [25].
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Table 8.1: Data from population-based surveys (source: World Health
Organization, Towards Universal Access: Scaling up priority
HIV/AIDS interventions in the health sector Progress Report

2010)
Percentage of
people who had an Percentage of Percentage of people Adult HIV
people who ever living with HIV who
HIV test within the prevalence
had an HIV test ever had an HIV test
ccuntry Year last 12 months
Women Men Women Men Women Men Total
34
Congo 2009 6.5 7.1 22.5 17.7 35.2 211 30.9 (3.1-3.8)
Democratic 13
Republic of 2007 4.1 3.8 8.6 9.2 8.7 - 10.7 ( 2:1 5)
Congo -
6.3
Kenya 2009 29.3 22.8 56.5 40.4 73.5 58.6 68.9 (5.8-6.5)
. 1.6
Sierra Leone 2008 4.1 3.4 9.4 7.0 20.2 - 19.8 (1.4-2.1)
iland 2007 219 8.9 35.8 17.1 440 288 38.7 258
Swazilan . . . . . . 7 (24.9-36.9)
United 58
Republicof 2008 19.1 18.9 37.2 26.5 437 308 39.0 (5 4:6 2)
Tanzania T
Zambi 2007 18.5 11.7 35.3 19.8 454 283 384 137
ambia . . . . . . 4 (13.1-14.4)

8.4 Pre-ART care

8.4.1 Assessment of ART eligibility

For individuals who test positive for HIV infection, the next key step in the care
pathway is assessment of ART eligibility - a process that might be regarded as
indicative of initial linkage to care. We conducted a systematic literature review
and meta-analysis of studies in which the losses occurring at this step in the
pathway were quantified (methods described in Web Appendix 8.9). Of the 22
published studies we identified as eligible for inclusion (Table 8.2), the majority
were conducted in South Africa (n=9) with the remainder from Ethiopia (n=2),

Kenya (n=2), Malawi (n=2), Mozambique (n=1), Rwanda (n=1), Tanzania (n=1)
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and Uganda (n=4). Eleven studies reported the proportions of patients enrolling
into care post-diagnosis. Two studies were excluded because they were
unrepresentative of the general population accessing clinics and hospitals; one was

conducted in a mobile clinic [26] and another reported linkage to care in female

sex workers in Rwanda [27].

The proportion of patients assessed for ART eligibility (reflecting linkage to care)
ranged from 42% (95%Cl 39-46%) to 70% (95%CI 68-72%), with an overall
pooled estimate of 57% (95%CI 48-66%; 12 154.8). In 8 of the 11 studies, ART
eligibility was assessed by CD4 cell count measurement and the proportions of
patients in which this was successfully performed ranged from 55% (95%CI 51-
60%) to 86% (95%CI 77-94%) with a pooled proportion of 66% (95%CI 54-78%;
72 309.9). However, only 5 of these studies reported the number of patients who
returned for their test result, with proportions ranging from 30% (95%Cl 26-34%)
to 88% (95%CI 87-89%) and a pooled estimate of 51% (95%CI 25-78%; 12 924.8).
This pooled estimate is similar to the finding of an earlier systematic review in

which a median proportion of 59% completed ART eligibility assessment [6].

7.4.2 Proportion of individuals eligible for ART

We next assessed the proportions of individuals with newly diagnosed HIV
infection who were assessed and found to be eligible for ART according to national
ART guidelines currently in use at the time of the study. We identified 16 studies
eligible for inclusion (Table 8.3) of which seven were from South Africa. Ten

studies reported on the proportions of patients who were eligible for ART based
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on a CD4 count threshold of <200 cells/pl, but two were excluded for reasons of
non-generalizability [27, 28]. The proportion found to be eligible at this CD4 count
threshold ranged from 21% (95%CI 20-22%) to 59% (95%CI 59-60%) with a
pooled proportion of 40% (95%CI 27-55%; t2 392.6). Six studies also reported on
the proportions eligible using a CD4 count threshold of <350 cells/ul, with
proportions ranging from 45% (95%CI 44-47%) to 62% (95%CI 61-63%) and a
pooled estimate of 57% (95%CI 50-63; 12 50.5). Six studies reported on the
proportions of patients who were eligible for ART based on clinical criteria (WHO
clinical stage 3 and 4). Proportions ranged from 49% (95%CI 48-51%) to 87%

(95%CI 84-89%) with a pooled proportion of 64% (95%CI 53-74%; 12 166.4).

8.4.3 Pre-ART care prior to ART eligibility

We identified only 5 studies reporting on retention in care of individuals not yet
eligible for ART; four of these were from South Africa (Table 8.4). The duration of
pre-ART care assessed was highly variable between these studies [29-32]. No
study reported the fundamentally more important variable which is the proportion
retained in care on becoming eligible for ART. Retention in pre-ART care in South
Africa ranged from 41% to 46% [29-32]. The remaining study from Malawi
estimated retention in pre-ART care to be 59% [33]. The median proportion
retained in pre-ART care was 45%. As few studies were identified, all with
considerable heterogeneity regarding time-cut offs, a pooled estimate was not
calculated. Two of the five studies did not specify any time-cut off [29, 33], while
the other three studies assessed repeat CD4 count measurements or visits 6-12

months after the initial eligibility assessment [30-32].
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Mathematical modeling suggests that retention in pre-ART care for individuals not
yet eligible for ART increases the average life years saved [34]. This finding is
supported by the South African study from the Free State showing that individuals
who presented with an initial CD4 count >200 cell/uL and remained in pre-ART
care had a two times reduced risk of mortality compared to individuals presenting

with an initial CD4 count <200 cells/ul [31].

8.4.4 Initiation of ART

We identified 19 studies which reported the proportions of ART-eligible
individuals who went on to start ART (Table 8.5). We term this step in the
continuum of care as ‘linkage to ART". Ten studies in seven sites were conducted in
South Africa with the remainder conducted in Kenya (n=1), Malawi (n=4),
Mozambique (n=1), Swaziland (n=1) and Uganda (n=2). One study reported that
amongst TB co-infected patients, linkage to ART was 14% (95%ClI 12-17%) [35].
These patients have a very high mortality risk therefore this study was considered
non-representative and was excluded from the meta-analysis. In the remaining 18
studies, the proportion linking to ART ranged from 31% (95%CI 29-33%) to 86%
(95%CI 83-89%), with an overall pooled proportion of 66% (95%Cl 58-73%; 12
264.2). An earlier review of 14 studies found the median proportion of individuals
initiating ART was 68% [6]. Eight of the studies included in our meta-analysis did
not specify the time period within which patients could link to ART care. However,
in a subgroup analysis there was no difference in the proportion linking to ART
care comparing studies that used a time cut-off for determining linkage with those

that did not (p=0.24). Studies which reported on time between HIV testing or
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staging, and initiation of ART showed that the majority of patients started
treatment within 1 month; however, two studies reported median delays of

between 2.4 and 6.6 months [36, 37].

Eight studies assessed the contribution of mortality as a potential cause for not
starting ART and reported a median mortality of 5.5% (IQR 4.5-12%) among
eligible patients waiting to start treatment {19, 31, 36, 38-41]. However, in these
studies, it is difficult to ascertain whether death is the cause or the result of not
starting ART. Using assessment of clinic records or databases some studies have
traced individuals who were thought to have not started ART [39, 41]; between 3%
and 19% of such patients were either retained in care in the same clinical service

or had accessed treatment elsewhere.

Estimates of individuals successfully linking to ART should ultimately inform
health care providers how to address gaps and leaks in the system. For that reason,
neither death due to late presentation nor informal transfers to other clinics

should be part of the defaulter estimates.
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8.5 ARTcare

Patients receiving ART may leave clinical care for three reasons: death, transfer of
care to another service (transfer-out) and loss to follow-up. Losses during ART are
much better documented than those occurring earlier in the care pathway. Early
mortality is typically very high in programmes in sub-Saharan Africa [42],
accounting for between 8% and 26% of patients in the first year of treatment [43].
Systematic reviews have estimated that death accounted for around 40% of
patient attrition during the first 2-3 years of treatment [8 44]. Key risk factors for
this include a low baseline CD4 counts and advanced WHO stage of disease [43]
and thus interventions upstream in the care pathway are needed to prevent late
presentation. Long-term mortality risk decreases substantially, [43, 45-47],

especially once a CD4 cell count threshold of 200 cells/pl has been exceeded [48].

Early in the scale-up of ART in sub-Saharan Africa, treatment sites were few,
patients were typically severely immunocompromised at the time of ART
initiation, and prognosis was uncertain. Thus, transfer of patient care between ART
clinics was relatively uncommon. However, over time the number of decentralized
treatment sites has expanded considerably and patients are generally less
immunocompromised when commencing ART; patient confidence in ART has
grown; and, patients on long-term ART are usually healthy, potentially
economically active and therefore mobile. These factors may explain why in some
settings, rates of transfer between services have risen steeply [45, 49]. In a South
African cohort, the probability of patients transferring out during the first 6 years

of the programme was approximately 20%, with the risk progressively increasing
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with each sequential calendar year of enrolment [45]. However, data on true
outcomes of patients transferred from one program to another are scarce [50, 51].
If transfer of care is successful, then the patient is effectively retained within the
national ART programme. Although, it is possible that some patients might be

unsuccessful in linking to another service and hence are lost to follow-up.

A huge challenge to rapidly expanding ART programmes in sub-Saharan Africa is
the issue of retaining patients within care (i.e. preventing losses to follow-up).
Patients are usually classified as ‘lost to follow-up’ if they fail to attend follow-up
appointments over a specified duration without having been actively transferred
to another ART clinic, and if they are not known to have died. A systematic review
of 39 ART cohorts in sub-Saharan Africa conducted in 2010 reported an average
retention of 65% at 3 year [8]. In recent years, many ART cohorts have rapidly
increased in size with disproportionate increases in the numbers of patients
compared to the number of health care workers. Losses to follow-up have
reportedly grown substantially over successive calendar periods, indicating a
growing problem with long-term retention in care [45, 46, 52]. A study from South
Africa reported that patients starting ART in 2007-2008 had more than 4 times

increased risk of being lost to follow-up than patients initiated in 2002-2004 [45].

Deﬁning a patient as ‘lost to follow-up’ is often based on exclusion of other known
reasons for failure of the patient to attend. However, this may conceal considerable
unascertained mortality. A systematic review summarizing studies that traced
individuals lost to follow-up showed that on average 46% of such individuals had

actually died [53]. A study from South Africa reported that 78.0% of such deaths
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occurred within the first 3 months after their last clinic visit [52], strongly
suggesting these deaths were the reason and not the result of being lost to follow-

up.

Another complexity in reporting rates of loss to follow-up is that patients may
cycle in and out of care. Thus, patients who fulfil the widely used definition of loss
to follow-up at one time point might re-engage with care at a later stage and thus
cease to be lost to follow-up. A systematic review of this issue conducted in 2011
identified 9 studies from sub-Saharan Africa and found that an average of 12% of
individuals on ART had previously interrupted but subsequently restarted
treatment [54]. A study from a South African township reported 40% of defaulters

resumed therapy within 3 years of defaulting [55].

8.5.1 Cumulative losses along the pathway

No study has yet measured the cumulative losses occurring along the entire care
pathway. This would require long-term prospective demographic surveillance,
although such a process in itself would likely alter the outcomes of interest. An
alternative approach is to combine pooled estimates of losses from each of the
steps in the care pathway that we have described. However, using data in this way
from cross-sectional studies with typically short duration of follow-up is
methodologically flawed [6]. A critical issue is that the care pathway is not a simple
linear process and patients clearly cycle in and out of care; a patient who fails to
complete one step in the pathway may re-engage with the treatment pathway at a
later time-point and ultimately receive successful long-term ART. Thus, use of the

individual estimates of the losses described thus far and summarized in Figure 8.2
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might erroneously lead to the conclusion that of all HIV-infected individuals in the
community, only 7% (0.39 x 0.57 x 0.50 x 0.66) would start ART and 5% (0.039 x

0.57 x 0.50 x 0.45) would be retained in pre-ART care for some duration.

Figure 8.2: Cumulative losses along the HIV care pathway as reported by
cross-sectional studies addressing each step in the pathway.

HIV infected individuals in the community

Individuals knowing
their sereostatus

Individuals completing
assessment for ART eligibility

Individuals eligible for ART Individuals not yet

eligible for ART

Individuals retained in
pre-ART care

Individuals initiating ART

Individuals retained on ART D

The proportions (%) shown indicate the proportions of individuals who successfully
complete each step in the pathway

The assertion that these are likely to be extreme underestimates of the true
proportions receiving care is supported by detailed data from a well characterised
high HIV prevalence community in South Africa. In a population-based HIV and

CD4 count survey, 54% of all HIV-infected individuals knew their positive HIV
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sero-status [24]. A study of this community from the same period also showed that
63% of HIV-infected individuals were assessed for ART eligibility by CD4 count
measurement within 6 months of diagnosis, 26% were eligible for ART (CD4 count
<200 cells/pl) and 66% started ART within 6 months of diagnosis [29]. Combining
these estimates of losses along the HIV care pathway in this community would lead
to an estimated ART coverage in the community of 6% (0.54 x 0.63 x 0.26 x 0.66),
whereas in reality the population based survey reported a coverage of 33.5%,
which is more than 5-fold higher [24]. This illustrates the complexities involved in

studying the HIV care pathway and the need for better means of assessment.

8.6 Interventions

Multiple interventions are needed to address high rates of patient attrition at every
stage of the HIV care pathway. Strategies to reduce deaths among patients who
have started ART have been described elsewhere [56], and so we should rather
focus on strategies to increase HIV diagnosis and engagement of patients in pre-

ART care and to reduce losses to follow-up throughout the pathway.

Interventions listed in Table 8.6 fall into two categories. They either aim to
increase the efficiency and capacity of services, or to improve the accessibility and
acceptability of these services. Interventions to increase HIV testing include task-
shifting (testing through lay health care workers) [57-59] and provider-initiated
testing [60-62] as well as mobile, community, home-based and workplace services
[63-68], which bring the service nearer to the patient and thus increases

accessibility, which might in turn increase acceptability. Other interventions aimed
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to increase acceptability of testing are self-testing [69] and incentivised testing [70,
71]. More recently, community-based strategies for HIV testing and ART delivery
have been developed [64, 72, 73] as a way to further expand access to care. By
virtue of being placed in the community, these strategies are decentralised and use

task-shifting to engage lesser trained health staff, and thus might be more cost-

effective [74].

Very few studies (n=4) have assessed interventions aimed at reducing losses in the
pre-ART period. These have examined point of care CD4 count testing [75, 76],
more efficient referral systems [77], transport vouchers [77] and regular visits to
refill trimethoprim-sulphmethoxazole prophylaxis [78]. In contrast, many studies
have reported on interventions to reduce loss to follow-up of patients on ART [79].
Some of these interventions are structural such as task shifting [80-84],
decentralisation [57, 82, 84-87], integration [88, 89] and continuous drug supply
[90, 91), whereas others are aimed at the individual such as adherence counselling

[92, 93] and transport reimbursement [90, 94, 95].
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Few interventions have been assessed for their efficacy and cost-effectiveness in
randomized controlled trials [63, 68, 71, 80, 96] and most observational studies
have assessed feasibility rather than effectiveness [69, 88, 97]. Evidence for a
positive effect of, for example, transport vouchers and secured drug supplies
comes mainly from risk factor analysis and semi-qualitative studies [90, 91, 94,
95]. Some interventions have only been assessed for one specific step in the
pathway, but not for others. An example is adherence counselling, which has been
shown to have some effect on retention in ART care [92, 93], but the effect of
counselling on retention in pre-ART care or on linkage to ART care has not been
formally assessed. However, related interventions such as prevention of mother to

child transmission (PMTCT) provide some rationale for this [98].

Integration of care has mainly concentrated on tuberculosis and PMTCT programs
[89, 99] or the beneficial effects derived by other health services through the
integration of HIV care [100]. The lack of a common conceptual framework on
what integration means has impeded more rigorous evaluation of the impact of
integration on retention and testing [101]. One study conducted in nine countries
in sub-Saharan Africa, found that providing ART in an integrated approach
resulted in substantially less defaulting from care compared to vertical ART
delivery [102]. As HIV is chronic disease integration is important not only to
improve retention, but also to provide comprehensive care (Table 8.7). This has
been conceptualised in the WHO's Integrated Management of Adolescent and Adult

Iliness programme [103].
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Table 8.7: Comprehensive HIV care

Prevention

Trimethoprim-sulphamethoxazole prophylaxis
Isoniazid preventive therapy

Intensified tuberculosis case finding
Cryptococcal antigen screening

Cervical cancer screening

Prevention of mother to child transmission
Prevention of transmission to sexual partners

Acute services

Tuberculosis

Mental health

Sexual transmitted diseases
Antenatal care

Family planning

Chronic services
Mental health
Chronic disease (e.g. diabetes, ophthalmological services etc)
Care of the elderly services
Social support

8.7 Conclusion

Substantial losses occur at every stage of the HIV care pathway for HIV-infected
individuals in sub-Saharan Africa. Assessment of these losses is complex as
engagement in care; loss to care furthermore, return to care is a dynamic, non-
linear and time-dependent process. To date, no study has yet defined the
cumulative losses throughout the pathway. Data regarding interventions to
address these losses are scarce, especially with regard to the care pathway prior to
ART initiation. Research is urgently needed to identify effective solutions so that a

far greater proportion of HIV- infected individuals can gain the benefits of ART.

The “test and treat” approach to reducing HIV transmission proposes that very
high coverage of HIV testing and immediate initiation of ART regardless of the

stage of HIV progression would substantially reduce HIV transmission [104], and
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has been met with considerable enthusiasm. The data in this review serve as a
reminder of the huge operational challenges that will be faced in implementing
such a strategy. Considerable investment and energy must be devoted to
identifying effective interventions to strengthen the care pathway thereby
permitting more effective implementation of current policy. As the care pathway is

strengthened, then the ‘test and treat’ strategy will become a more viable strategy.

Acknowledgements

KK, VJ, SDL are funded by the Wellcome Trust, London, UK. The funding sources played

no role in the decision to publish these data.

Conflicts of interest

The authors have no conflicts of interest to declare.

Authors’ Contributions

KK and SDL were responsible for the outline of the paper. KK and DG conducted the
literature searches and data extraction. The meta-analysis was performed by NF and
KK. KK and SDL wrote the paper with input from DG, NF, VJ. All authors contributed to,

read and approved the final paper.

8.8 References

1. Palella F], Jr,, Delaney KM, Moorman AC, Loveless MO, Fuhrer J, Satten GA, et
al. Declining morbidity and mortality among patients with advanced human
immunodeficiency virus infection. HIV Outpatient Study Investigators. N Engl
] Med 1998,338:853-860.

116



10.

11.

12.

13.

14.

Egger M, May M, Chene G, Phillips AN, Ledergerber B, Dabis F, et al. Prognosis
of HIV-1-infected patients starting highly active antiretroviral therapy: a
collaborative analysis of prospective studies. Lancet 2002,360:119-129.

Floyd S, Molesworth A, Dube A, Banda E, Jahn A, Mwafulirwa C, et al.
Population-level reduction in adult mortality after extension of free anti-

retroviral therapy provision into rural areas in northern Malawi. PLoS One
2010,5:e13499.

Mahy M, Stover ], Stanecki K, Stoneburner R, Tassie JM. Estimating the impact
of antiretroviral therapy: regional and global estimates of life-years gained
among adults. Sex Transm Infect 2010,86 Suppl 2:ii67-71.

Jahn A, Floyd S, Crampin AC, Mwaungulu F, Mvula H, Munthali F, et al.
Population-level effect of HIV on adult mortality and early evidence of
reversal after introduction of antiretroviral therapy in Malawi. Lancet
2008,371:1603-1611.

Rosen S, Fox MP. Retention in HIV Care between Testing and Treatment in
Sub-Saharan Africa: A Systematic Review. PLoS Med 2011,8:e1001056.

Towards Universal Access: Scaling up priority HIV/AIDS interventions in the
health sector. In. Geneva, Switzerland: World Health Organization; 2010.

Fox MP, Rosen S. Patient retention in antiretroviral therapy programs up to
three years on treatment in sub-Saharan Africa, 2007-2009: systematic
review. Trop Med Int Health 2010,15 Suppl 1:1-15.

Rosen S, Fox MP, Gill C]. Patient retention in antiretroviral therapy programs
in sub-Saharan Africa: a systematic review. PLoS Med 2007,4:e298.

Cheever LW. Engaging HIV-infected patients in care: their lives depend on it.
Clin Infect Dis 2007,44:1500-1502.

Mugavero M], Norton WE, Saag MS. Health care system and policy factors
influencing engagement in HIV medical care: piecing together the fragments
of a fractured health care delivery system. Clin Infect Dis 2011,52 Suppl
2:5238-246.

Ulett KB, Willig JH, Lin HY, Routman JS, Abroms S, Allison }, et al. The
therapeutic implications of timely linkage and early retention in HIV care.
AIDS Patient Care STDS 2009,23:41-49.

Mugavero M], Lin HY, Willig JH, Westfall AO, Ulett KB, Routman JS, et al.
Missed visits and mortality among patients establishing initial outpatient HIV
treatment. Clin Infect Dis 2009,48:248-256.

Giordano TP, Gifford AL, White AC, Jr., Suarez-Almazor ME, Rabeneck L,

Hartman C, et al. Retention in care: a challenge to survival with HIV infection.
Clin Infect Dis 2007,44:1493-1499.

117



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Horstmann E, Brown ], Islam F, Buck ], Agins BD. Retaining HIV-infected
patients in care: Where are we? Where do we go from here? Clin Infect Dis
2010,50:752-761.

Marks G, Gardner LI, Craw ], Crepaz N. Entry and retention in medical care
among HIV-diagnosed persons: a meta-analysis. Aids 2010,24:2665-2678.

Samet JH, Freedberg KA, Stein MD, Lewis R, Savetsky ], Sullivan L, et al.
Trillion virion delay: time from testing positive for HIV to presentation for
primary care. Arch Intern Med 1998,158:734-740.

Schwartlander B, Grubb I, Perriens ]. The 10-year struggle to provide

antiretroviral treatment to people with HIV in the developing world. Lancet
2006,368:541-546.

Karcher H, Omondi A, Odera ], Kunz A, Harms G. Risk factors for treatment
denial and loss to follow-up in an antiretroviral treatment cohort in Kenya.
Trop Med Int Health 2007,12:687-694.

Brinkhof MW, Dabis F, Myer L, Bangsberg DR, Boulle A, Nash D, et al. Early
loss of HIV-infected patients on potent antiretroviral therapy programmes in
lower-income countries. Bull World Health Organ 2008,86:559-567.

Lawn SD, Myer L, Orrell C, Bekker LG, Wood R. Early mortality among adults
accessing a community-based antiretroviral service in South Africa:
implications for programme design. Aids 2005,19:2141-2148.

Fairall LR, Bachmann MO, Louwagie GM, van Vuuren C, Chikobvu P, Steyn D,
et al. Effectiveness of antiretroviral treatment in a South African program: a
cohort study. Arch Intern Med 2008,168:86-93.

Kenya AIDS indicator survey 2007 final report. In: National AIDS Control
Council, Republic of Kenya; 2007.

Kranzer K, van Schaik N, Karmue U, Middelkoop K, Sebastian E, Lawn SD, et
al. High prevalence of self-reported undiagnosed HIV despite high coverage
of HIV testing: a cross-sectional population based sero-survey in South Africa.
PLos One, in press 2011.

Walensky RP, Wood R, Fofana MO, Martinson NA, Losina E, April MD, et al.
The Clinical Impact and Cost-Effectiveness of Routine, Voluntary HIV
Screening in South Africa. | Acquir Inmune Defic Syndr 2011,56:26-35.

Govindasamy D, van Schaik N, Kranzer K, Wood R, Mathews C, Bekker LG.
Linkage to HIV Care from a Mobile Testing Unit in South Africa by Different
CD4 Count Strata. | Acquir Immune Defic Syndr 2011.

118



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Braunstein SL, Umulisa MM, Veldhuijzen NJ, Kestelyn E, Ingabire CM,
Nyinawabega ], et al. HIV diagnosis, linkage to HIV care, and HIV risk
behaviors among newly diagnosed HIV positive female sex workers in Kigali,
Rwanda. ] Acquir Inmune Defic Syndr 2011.

Van Schaik N, Kranzer K, Wood R, Bekker LG. Earlier HIV diagnosis - are
mobile services the answer? S Afr Med ] 2010,100:671-674.

Kranzer K, Zeinecker ], Ginsberg P, Orrell C, Kalaw NN, Lawn SD, et al. Linkage

to HIV care and antiretroviral therapy in Cape Town, South Africa. PLoS One
2010,5:e13801.

Lessells R], Mutevedzi PC, Cooke GS, Newell ML. Retention in HIV care for
individuals not yet eligible for antiretroviral therapy: rural KwaZulu-Natal,
South Africa. ] Acquir Immune Defic Syndr 2011,56:e79-86.

Ingle SM, May M, Uebel K, Timmerman V, Kotze E, Bachmann M, et al.
Outcomes in patients waiting for antiretroviral treatment in the Free State
Province, South Africa: prospective linkage study. Aids 2010,24:2717-2725.

Larson BA, Brennan A, McNamara L, Long L, Rosen S, Sanne |, et al. Early loss
to follow up after enrolment in pre-ART care at a large public clinic in
Johannesburg, South Africa. Trop Med Int Health 2010,15 Suppl 1:43-47.

McGuire M, Munyenyembe T, Szumilin E, Heinzelmann A, Le Paih M, Bouithy
N, et al. Vital status of pre-ART and ART patients defaulting from care in rural
Malawi. Trop Med Int Health 2010,15 Suppl 1:55-62.

Hallett TB, Gregson S, Dube S, Garnett GP. The impact of monitoring HIV
patients prior to treatment in resource-poor settings: insights from
mathematical modelling. PLoS Med 2008,5:e53.

Zachariah R, Harries AD, Manzi M, Gomani P, Teck R, Phillips M, et al.
Acceptance of anti-retroviral therapy among patients infected with HIV and

tuberculosis in rural Malawi is low and associated with cost of transport.
PLoS One 2006,1:e121.

Bassett IV, Regan S, Chetty S, Giddy ], Uhler LM, Holst H, et al. Who starts
antiretroviral therapy in Durban, South Africa?... not everyone who should.
Aids 2010,24 Suppl 1:537-44.

Micek MA, Gimbel-Sherr K, Baptista A], Matediana E, Montoya P, Pfeiffer ], et
al. Loss to follow-up of adults in public HIV care systems in central

Mozambique: identifying obstacles to treatment. ] Acquir Immune Defic Syndr
2009,52:397-405.

McGrath N, Glynn JR, Saul ], Kranzer K, Jahn A, Mwaungulu F, et al. What
happens to ART-eligible patients who do not start ART? Dropout between
screening and ART initiation: a cohort study in Karonga, Malawi. BMC Public
Health 2010,10:601.

119



39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

Bassett IV, Wang B, Chetty S, Mazibuko M, Bearnot B, Giddy J, et al. Loss to
care and death before antiretroviral therapy in Durban, South Africa. ] Acquir
Immune Defic Syndr 2009,51:135-139.

Lawn SD, Myer L, Harling G, Orrell C, Bekker LG, Wood R. Determinants of
mortality and nondeath losses from an antiretroviral treatment service in

South Africa: implications for program evaluation. Clin Infect Dis
2006,43:770-776.

Amuron B, Namara G, Birungi J, Nabiryo C, Levin ], Grosskurth H, et al.
Mortality and loss-to-follow-up during the pre-treatment period in an
antiretroviral therapy programme under normal health service conditions in
Uganda. BMC Public Health 2009,9:290.

Braitstein P, Brinkhof MW, Dabis F, Schechter M, Boulle A, Miotti P, et al.
Mortality of HIV-1-infected patients in the first year of antiretroviral therapy:

comparison between low-income and high-income countries. Lancet
2006,367:817-824.

Lawn SD, Harries AD, Anglaret X, Myer L, Wood R. Early mortality among
adults accessing antiretroviral treatment programmes in sub-Saharan Africa.
Aids 2008,22:1897-1908.

Rosen S, Fox MP, Gill C], Rosen S, Fox MP, Gill C]. Patient retention in
antiretroviral therapy programs in sub-Saharan Africa: a systematic review.
PLoS Medicine / Public Library of Science 2007,4:e298.

Nglazi MD, Lawn SD, Kaplan R, Kranzer K, Orrell C, Wood R, et al. Changes in
programmatic outcomes during 7 years of scale-up at a community-based
antiretroviral treatment service in South Africa. ] Acquir Inmune Defic Syndr
2011,56:e1-8.

Boulle A, Van Cutsem G, Hilderbrand K, Cragg C, Abrahams M, Mathee S, et al.
Seven-year experience of a primary care antiretroviral treatment programme
in Khayelitsha, South Africa. Aids 2010,24:563-572.

Boulle A, Bock P, Osler M, Cohen K, Channing L, Hilderbrand K, et al.

Antiretroviral therapy and early mortality in South Africa. Bull World Health
Organ 2008,86:678-687.

Lawn SD, Little F, Bekker LG, Kaplan R, Campbel E, Orrell C, et al. Changing
mortality risk associated with CD4 cell response to antiretroviral therapy in
South Africa. AIDS 2009,23:335-342.

Geng EH, Glidden DV, Bwana MB, Musinguzi N, Emenyonu N, Muyindike W, et
al. Retention in Care and Connection to Care among HIV-Infected Patients on
Antiretroviral Therapy in Africa: Estimation via a Sampling-Based Approach.
PLoS One 2011,6:21797.

120



50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Yu JK, Tok TS, Tsai JJ, Chang WS, Dzimadzi RK, Yen PH, et al. What happens to

patients on antiretroviral therapy who transfer out to another facility? PLoS
One 2008,3:e2065.

0'Connor C. Loss to follow-up of stable antiretroviral therapy patients in a
decentralized down referral model of care in Johannesburg, South Africa.
Acquir Immune Defic Syndr 2011.

Van Cutsem G, Ford N, Hildebrand K, Goemaere E, Mathee S, Abrahams M, et
al. Correcting for mortality among patients lost to follow up on antiretroviral
therapy in South Africa: a cohort analysis. PLoS One 2011,6:e14684.

Brinkhof MW, Pujades-Rodriguez M, Egger M. Mortality of patients lost to
follow-up in antiretroviral treatment programmes in resource-limited
settings: systematic review and meta-analysis. PLoS One 2009,4:e5790.

Kranzer K, Ford N. Unstructured treatment interruption of antiretroviral
therapy in clinical practice: a systematic review. Trop Med Int Health 2011.

Kranzer K, Lewis J], Ford N, Zeinecker ], Orrell C, Lawn SD, et al. Treatment
interruption in a primary care antiretroviral therapy program in South
Africa: cohort analysis of trends and risk factors. ] Acquir Inmune Defic Syndr
2010,55:e17-23.

Lawn SD, Harries AD, Wood R. Strategies to reduce early morbidity and
mortality in adults receiving antiretroviral therapy in resource-limited
settings. Curr Opin HIV AIDS 2010,5:18-26.

Bemelmans M, Van Den Akker T, Ford N, Philips M, Zachariah R, Harries A, et
al. Providing universal access to antiretroviral therapy in Thyolo, Malawi
through task shifting and decentralization of HIV/AIDS care. Trop Med Int
Health 2010,15:1413-1420.

McCollum ED, Preidis GA, Kabue MM, Singogo EB, Mwansambo C, Kazembe
PN, et al. Task shifting routine inpatient pediatric HIV testing improves
program outcomes in urban Malawi: a retrospective observational study.
PLoS One 2010,5:€9626.

Bradley H, Bedada A, Tsui A, Brahmbhatt H, Gillespie D, Kidanu A. HIV and
family planning service integration and voluntary HIV counselling and testing
client composition in Ethiopia. AIDS Care 2008,20:61-71.

Silvestri DM, Modjarrad K, Blevins ML, Halale E, Vermund SH, McKinzie JP. A
comparison of HIV detection rates using routine opt-out provider-initiated
HIV testing and counseling versus a standard of care approach in a rural
African setting. ] Acquir Immune Defic Syndr 2011,56:e9-32.

Bassett IV, Giddy J, Nkera ], Wang B, Losina E, Lu Z, et al. Routine voluntary
HIV testing in Durban, South Africa: the experience from an outpatient
department. ] Acquir Immune Defic Syndr 2007,46:181-186.

121



62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Kharsany AB, Karim QA, Karim SS. Uptake of provider-initiated HIV testing
and counseling among women attending an urban sexually transmitted

disease clinic in South Africa - missed opportunities for early diagnosis of HIV
infection. AIDS Care 2010,22:533-537.

Sweat M, Morin §, Celentano D, Mulawa M, Singh B, Mbwambo |, et al.
Community-based intervention to increase HIV testing and case detection in
people aged 16-32 years in Tanzania, Zimbabwe, and Thailand (NIMH Project
Accept, HPTN 043): a randomised study. Lancet Infect Dis 2011.

Mutale W, Michelo C, Jurgensen M, Fylkesnes K. Home-based voluntary HIV
counselling and testing found highly acceptable and to reduce inequalities.
BMC Public Health 2010,10:347.

Grabbe KL, Menzies N, Taegtmeyer M, Emukule G, Angala P, Mwega |, et al.
Increasing access to HIV counseling and testing through mobile services in

Kenya: strategies, utilization, and cost-effectiveness. ] Acquir Inmune Defic
Syndr 2010,54:317-323.

Wringe A, Isingo R, Urassa M, Maiseli G, Manyalla R, Changalucha J, et al.
Uptake of HIV voluntary counselling and testing services in rural Tanzania:
implications for effective HIV prevention and equitable access to treatment.
Trop Med Int Health 2008,13:319-327.

Ostermann J, Reddy EA, Shorter MM, Muiruri C, Mtalo A, Iltemba DK et al.
Who Tests, Who Doesn't, and Why? Uptake of Mobile HIV Counseling and
Testing in the Kilimanjaro Region of Tanzania. PLoS One 2011,6:¢16488.

Corbett EL, Dauya E, Matambo R, Cheung YB, Makamure B, Bassett MT, et al.
Uptake of workplace HIV counselling and testing: a cluster-randomised trial
in Zimbabwe. PLoS Med 2006,3:e238.

Choko A, Desmond N, Webb E, Chavula K, Mavedzenge S, Makombe §, et al.
Feasibility, Accuracy, and Acceptability of Using Oral HIV Test Kits for
Supervised Community-level Self-testing in a Resource-poor High-HIV
Prevalence Setting: Blantyre, Malawi. In: 18th Conference on Retroviruses and
Opportunistic Infections. Boston, USA; 2011.

Thornton R. The Impact of Incentives on Learning HIV Status: Evidence from
a Field Experiment. . Havard University 2005.

Thornton R. The Demand for and Impact of Learning HIV Status: Evidence
from a Field Experiment. Havard University 2005.

Decroo T, Telfer B, Biot M, Maikere |, Dezembro S, Cumba LI, et al.
Distribution of antiretroviral treatment through self-forming groups of
patients in Tete province, Mozambique. ] Acquir Immune Defic Syndr 2010.

122



73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Lugada E, Levin ], Abang B, Mermin J, Mugalanzi E, Namara G, et al.
Comparison of home and clinic-based HIV testing among household members
of persons taking antiretroviral therapy in Uganda: results from a
randomized trial. ] Acquir Immune Defic Syndr 2010,55:245-252.

Babigumira JB, Castelnuovo B, Stergachis A, Kiragga A, Shaefer P, Lamorde M,
et al. Cost effectiveness of a pharmacy-only refill program in a large urban
HIV/AIDS clinic in Uganda. PLoS One 2011,6:e18193.

Faal M, Naidoo N, Glencross DK, Venter WD, Osih R. Providing Inmediate CD4
Count Results at HIV Testing Improves ART Initiation. ] Acquir Immune Defic
Syndr 2011.

Jani I, Sitoe N, Alfai E, Chongo P, Lehe ], Rocha B, et al. Point-of-care CD4
improves patient rentention and time-to-initiation of ART in Mozambique. In:
XVIII International AIDS Conference. Vienna, Austria; 2010.

Nsigaye R, Wringe A, Roura M, Kalluvya S, Urassa M, Busza J, et al. From HIV
diagnosis to treatment: evaluation of a referral system to promote and
monitor access to antiretroviral therapy in rural Tanzania. J Int AIDS Soc
2009,12:31.

Kohler P, Chung M, Benki-Nugent S, McGrath C, Attwa M, Sakr S, et al. Free
CTX Substantially Improves Retention among ART-ineligible Clients in a
Kenyan HIV Treatment Program. In: 18th Conference on Retroviruses and
Opportunistic Infections. Boston, USA; 2011.

Harries AD, Zachariah R, Lawn SD, Rosen S. Strategies to improve patient
retention on antiretroviral therapy in sub-Saharan Africa. Trop Med Int
Health 2010,15 Suppl 1:70-75.

Sanne |, Orrell C, Fox MP, Conradie F, Ive P, Zeinecker }, et al. Nurse versus
doctor management of HIV-infected patients receiving antiretroviral therapy
(CIPRA-SA): a randomised non-inferiority trial. Lancet 2010,376:33-40.

Selke HM, Kimaiyo S, Sidle JE, Vedanthan R, Tierney WM, Shen C, et al. Task-
shifting of antiretroviral delivery from health care workers to persons living
with HIV/AIDS: clinical outcomes of a community-based program in Kenya. J
Acquir Immune Defic Syndr 2010,55:483-490.

Long L, Brennan A, Fox MP, Ndibongo B, Jaffray |, Sanne |, et al. Treatment
Outcomes and Cost-Effectiveness of Shifting Management of Stable ART
Patients to Nurses in South Africa: An Observational Cohort. PLoS Med
2011,8:e1001055.

Bolton-Moore C, Mubiana-Mbewe M, Cantrell RA, Chintu N, Stringer EM, Chi
BH, et al. Clinical outcomes and CD4 cell response in children receiving

antiretroviral therapy at primary health care facilities in Zambia. Jama
2007,298:1888-1899.

123



84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Cohen R, Lynch S, Bygrave H, Eggers E, Vlahakis N, Hilderbrand K, et al.
Antiretroviral treatment outcomes from a nurse-driven, community-
supported HIV/AIDS treatment programme in rural Lesotho: observational
cohort assessment at two years. J Int AIDS Soc 2009,12:23.

Fatti G, Grimwood A, Bock P. Better antiretroviral therapy outcomes at
primary healthcare facilities: an evaluation of three tiers of ART services in
four South African provinces. PLoS One 2010,5:¢12888.

Brennan A, Long L, Maskew M, Sanne |, Jaffray I, Macphail P, et al. Outcomes
of stable HIV-positive patients down-referred from doctor-managed ART
clinics to nurse-managed primary health clinics for monitoring and
treatment. Aids 2011.

Bedelu M, Ford N, Hilderbrand K, Reuter H. Implementing antiretroviral
therapy in rural communities: the Lusikisiki model of decentralized
HIV/AIDS care. ] Infect Dis 2007,196 Suppl 3:5464-468.

Topp SM, Chipukuma JM, Giganti M, Mwango LK, Chiko LM, Tambatamba-
Chapula B, et al. Strengthening health systems at facility-level: feasibility of
integrating antiretroviral therapy into primary health care services in
Lusaka, Zambia. PLoS One 2010,5:e11522.

Tudor Car L, van-Velthoven MH, Brusamento S, Elmoniry H, Car ], Majeed A,
et al. Integrating prevention of mother-to-child HIV transmission (PMTCT)
programmes with other health services for preventing HIV infection and
improving HIV outcomes in developing countries. Cochrane Database Syst Rev
2011,6:CD008741.

Wenkel ], van den Boogard W, O'brian D, Botha Standaert E, Braker K, Olaiya
MA, et al. Adverse consequences of user fees for patients started on
antiretroviral therapy (ART) in the governmental HIV-programs in Nigeria.
In: XVI International AIDS conference. Toronto, Canada; 2006.

Pasquet A, Messou E, Gabillard D, Minga A, Depoulosky A, Deuffic-Burban §, et
al. Impact of drug stock-outs on death and retention to care among HIV-
infected patients on combination antiretroviral therapy in Abidjan, Cote
d'lvoire. PLoS One 2010,5:e13414.

Etienne M, Burrows L, Osotimehin B, Macharia T, Hossain B, Redfield RR, et
al. Situational analysis of varying models of adherence support and loss to
follow up rates; findings from 27 treatment facilities in eight resource limited
countries. Trop Med Int Health 2010,15 Suppl 1:76-81.

Torpey KE, Kabaso ME, Mutale LN, Kamanga MK, Mwango A}, Simpungwe J, et
al. Adherence support workers: a way to address human resource constraints

in antiretroviral treatment programs in the public health setting in Zambia.
PLoS One 2008,3:e2204.

124



94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

Dahab M, Kielmann K, Charalambous S, Karstaedt AS, Hamilton R, La Grange
L, et al. Contrasting reasons for discontinuation of antiretroviral therapy in

workplace and public-sector HIV programs in South Africa. AIDS Patient Care
STDS 2011,25:53-59.

Geng EH, Bangsberg DR, Musinguzi N, Emenyonu N, Bwana MB, Yiannoutsos
CT, et al. Understanding reasons for and outcomes of patients lost to follow-
up in antiretroviral therapy programs in Africa through a sampling-based
approach. ] Acquir Immune Defic Syndr 2010,53:405-411.

Pop-Eleches C, Thirumurthy H, Habyarimana JP, Zivin ]G, Goldstein MP, de
Walque D, et al. Mobile phone technologies improve adherence to
antiretroviral treatment in a resource-limited setting: a randomized
controlled trial of text message reminders. AIDS 2011,25:825-834.

Rosen S, Ketlhapile M. Cost of using a patient tracer to reduce loss to follow-
up and ascertain patient status in a large antiretroviral therapy program in
Johannesburg, South Africa. Trop Med Int Health 2010,15 Suppl 1:98-104.

Nesbitt J, Rocha B, Maikere ], Tayib A, Matandalasse M, Macanze E.
Accelerating early infant initiation of ART in Mozambique during
decentralization by task-shifting to PMTCT auxiliaries. In: 6th IAS Conference
on HIV pathogenesis, treatment, and prevention. Rome, Italy; 2011.

Howard AA, El-Sadr WM. Integration of tuberculosis and HIV services in sub-
Saharan Africa: lessons learned. Clin Infect Dis 2010,50 Suppl 3:5238-244.

Matsubayashi T, Manabe YC, Etonu A, Kyegombe N, Muganzi A, Coutinho A, et
al. The effects of an HIV project on HIV and non-HIV services at local
government clinics in urban Kampala. BMC Int Health Hum Rights 2011,11
Suppl 1:S9.

Shigayeva A, Atun R, McKee M, Coker R. Health systems, communicable
diseases and integration. Health Policy Plan 2010,25 Suppl 1:i4-20.

O'Brien D, Greig ], Sabapathy K, Shanks L. Comparison of integrated and
vertical antiretroviral treatment programme outcomes in nine countries in
Sub-Saharan Africa. In: XVIII International AIDS Conference. Vienna, Austria;
2010.

Integrated Management of Adolescent and Adult Iliness In. Geneva,
Switzerland: World Health Organization; 2004.

Granich RM, Gilks CF, Dye C, De Cock KM, Williams BG. Universal voluntary
HIV testing with immediate antiretroviral therapy as a strategy for

elimination of HIV transmission: a mathematical model. Lancet 2009,373:48-
57.

125



105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

Assefa Y, Van Damme W, Mariam DH, Kloos H. Toward universal access to
HIV counseling and testing and antiretroviral treatment in Ethiopia: looking

beyond HIV testing and ART initiation. AIDS Patient Care STDS 2010,24:521-
525.

Mulissa Z, Jerene D, Lindtjorn B. Patients present earlier and survival has

improved, but pre-ART attrition is high in a six-year HIV cohort data from
Ethiopia. PLoS One 2010,5:e13268.

Amolloh M, Medley A, Owuor P, Audi B, Sewe M, Multai H, et al. Factors
associated with early uptake of HIV care and treatment services after testing
HIV-positive during home based testing and counseling (HBCT) in rural
Western Kenya. In: 18th Conference of Retroviruses and Opportunistic
Infections. Boston, USA; 2011.

Waxman M]J, Kimaiyo S, Ongaro N, Wools-Kaloustian KK, Flanigan TP, Carter
EJ. Initial outcomes of an emergency department rapid HIV testing program
in western Kenya. AIDS Patient Care STDS 2007,21:981-986.

Gareta D, Tweya H, Weigel R, Phiri S, Chiwoko J, Kamanga E, et al. Linking

HIV-infected pregnant women to antiretroviral therapy: experience from

Lilongwe, Malawi. In: XVIII International AIDS Conference. Vienna, Austria;
2010.

Tayler-Smith K, Zachariah R, Massaquoi M, Manzi M, Pasulani O, van den
Akker T, et al. Unacceptable attrition among WHO stages 1 and 2 patientsina
hospital-based setting in rural Malawi: can we retain such patients within the
general health system? Trans R Soc Trop Med Hyg 2010,104:313-319.

April MD, Walensky RP, Chang Y, Pitt ], Freedberg KA, Losina E, et al. HIV
testing rates and outcomes in a South African community, 2001-2006:

implications for expanded screening policies. ] Acquir Immune Defic Syndr
2009,51:310-316.

Larson BA, Brennan A, McNamara L, Lawrence L, Rosen S, Sanne |, et al. Lost
opportunities to complete CD4+ lymphocyte testing among patients who
tested positive for HIV in South Africa. Bull World Health Organ 2010,88:675-
680.

Losina E, Bassett IV, Giddy J, Chetty S, Regan S, Walensky RP, et al. The "ART"
of linkage: pre-treatment loss to care after HIV diagnosis at two PEPFAR sites
in Durban, South Africa. PLoS One 2010,5:¢9538.

Naidoo N, Faal M, Venter F, Osih R. Patient retention - reasons why patients
do or do not come back to care after HIV testing. In: XVIII Internatioanal AIDS
Conference. Vienna, Austria; 2010.

126



115. Luseno W, Wechsberg W, Middlesteadt-Ellerson R, Gumula W. Linkages and
barriers to care for high-risk South African women testing positive for HIV.
In: XVII International AIDS Conference. Mexicon City, Mexico; 2008.

116. Wanyenze RK, Hahn JA, Liechty CA, Ragland K, Ronald A, Mayanja-Kizza H, et
al. Linkage to HIV care and survival following inpatient HIV counseling and
testing. AIDS Behav 2011,15:751-760.

117. Nakigozi G, Makumbi F, Reynolds S, Galiwango R, Kagaayi ], Nalugoda F, et al.
Non-enrollment for free community HIV care: findings from a population-
based study in Rakai, Uganda. AIDS Care 2011,23:764-770.

118. Wanyenze R, Bangasberg D, Liechty C, Nansubuga J, Kasakye H, Gasasira A, et
al. Linkage to care and mortality at 18 month follow-up in a cohort of newly
diagnosed HIV-positive inpatients in Mulago Hospital, Uganda. In: 16th
International AIDS Conference. Toronto, Canada; 2006.

119. Nakanjako D, Kyabayinze D], Mayanja-Kizza H, Katabira E, Kamya MR.
Eligibility for HIV/AIDS treatment among adults in a medical emergency
setting at an urban hospital in Uganda. Afr Health Sci 2007,7:124-128.

120. Nunu RP, Nkambule L, Kamiru H, Vandelanotte ], Preko P, Mamvura C, et al.
Using phone follow-up system to understand barriers to ART initiation at
Good Shepherd hospital in Swaziland. In: XVIII International AIDS Conference.
Vienna, Austria; 2010.

121. Konde-Lule ], Makumbi F, Pakker N, Muyinda A, Mubiru M, Cobelens FG.
Effect of changing antiretroviral treatment eligibility criteria on patient load
in Kampala, Uganda. AIDS Care 2011,23:35-41.

122. Carter R}, Dugan K, El-Sadr WM, Myer L, Otieno ], Pungpapong N, et al. CD4+
cell count testing more effective than HIV disease clinical staging in
identifying pregnant and postpartum women eligible for antiretroviral
therapy in resource-limited settings. ] Acquir Immune Defic Syndr
2010,55:404-410.

123. Tayler-Smith K, Zachariah R, Manzi M, Kizito W, Vandenbulcke A, Dunkley S,
et al. Demographic characteristics and opportunistic diseases associated with
attrition during preparation for antiretroviral therapy in primary health
centres in Kibera, Kenya. Trop Med Int Health 2011,16:579-584.

124. Kaplan R, Orrell C, Zwane E, Bekker LG, Wood R. Loss to follow-up and
mortality among pregnant women referred to a community clinic for
antiretroviral treatment. Aids 2008,22:1679-1681.

125. Feucht UD, Kinzer M, Kruger M. Reasons for delay in initiation of

antiretroviral therapy in a population of HIV-infected South African children.
] Trop Pediatr 2007,53:398-402.

127



126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

Geng EH, Bwana MB, Kabakyenga ], Muyindike W, Emenyonu NI, Musinguzi
N, et al. Diminishing availability of publicly funded slots for antiretroviral
initiation among HIV-infected ART-eligible patients in Uganda. PLoS One
2010,5:€14098.

Parkes R, Namakoola I, Todd }, Kalanzi I, Hiarlaithe M, Mugisha NK; et al.
Barriers to rapid initiation of ART in a cohort of HIV positive Ugandan adults
with CD4 counts less than 200. In: 16th International AIDS Conference.
Toronto, Canada; 2006.

Huerga H, Spillane H, Guerrero W, Odongo A, Varaine F. Impact of introducing
human immunodeficiency virus testing, treatment and care in a tuberculosis
clinic in rural Kenya. Int ] Tuberc Lung Dis 2010,14:611-615.

Harris B, Hatwiinda SM, Randels KM, Chi BH, Kancheya NG, Jham MA, et al.
Early lessons from the integration of tuberculosis and HIV services in

primary care centers in Lusaka, Zambia. Int ] Tuberc Lung Dis 2008,12:773-
779.

Lafort Y, Geelhoed D, Cumba L, Lazaro CD, Delva W, Luchters S, et al.
Reproductive health services for populations at high risk of HIV: Performance
of a night clinic in Tete province, Mozambique. BMC Health Serv Res
2010,10:144.

Mathers BM, Degenhardt L, Ali H, Wiessing L, Hickman M, Mattick RP, et al.
HIV prevention, treatment, and care services for people who inject drugs: a

systematic review of global, regional, and national coverage. Lancet
2010,375:1014-1028.

Jaffar S, Amuron B, Foster S, Birungi ], Levin ], Namara G, et al. Rates of
virological failure in patients treated in a home-based versus a facility-based
HIV-care model in Jinja, southeast Uganda: a cluster-randomised equivalence
trial. Lancet 2009,374:2080-2089.

Zachariah R, Teck R, Buhendwa L, Fitzerland M, Labana S, Chinji C, et al.
Community support is associated with better antiretroviral treatment
outcomes in a resource-limited rural district in Malawi. Trans R Soc Trop Med
Hyg 2007,101:79-84.

Boyd MA. Improvements in antiretroviral therapy outcomes over calendar
time. Curr Opin HIV AIDS 2009,4:194-199.

Chan AK, Mateyu G, Jahn A, Schouten E, Arora P, Mlotha W, et al. Outcome
assessment of decentralization of antiretroviral therapy provision in a rural
district of Malawi using an integrated primary care model. Trop Med Int
Health 2010,15 Suppl 1:90-97.

128



136. Massaquoi M, Zachariah R, Manzi M, Pasulani O, Misindi D, Mwagomba B, et
al. Patient retention and attrition on antiretroviral treatment at district level
in rural Malawi. Trans R Soc Trop Med Hyg 2009,103:594-600.

137. Kunutsor S, Walley J, Katabira E, Muchuro S, Balidawa H, Namagala E, et al.
Using mobile phones to improve clinic attendance amongst an antiretroviral

treatment cohort in rural Uganda: a cross-sectional and prospective study.
AIDS Behav 2010,14:1347-1352.

138. Ford N, Kranzer K, Hilderbrand K, Jouquet G, Goemaere E, Vlahakis N, et al.
Early initiation of antiretroviral therapy and associated reduction in
mortality, morbidity and defaulting in a nurse-managed, community cohort
in Lesotho. Aids 2010,24:2645-2650.

139. Krebs DW, Chi BH, Mulenga Y, Morris M, Cantrell RA, Mulenga L, et al.
Community-based follow-up for late patients enrolled in a district-wide

programme for antiretroviral therapy in Lusaka, Zambia. AIDS Care
2008,20:311-317.

8.9 Web Appendix: Methods

8.9.1 Search strategy and data abstracts

We aimed to identify studies reporting retention between HIV testing and
initiation of ART and during long-term ART in sub-Saharan Africa. We searched
three electronic databases for primary studies: Medline, Embase, and Global Health
using the compound search strategy summarized in Supplement Table 8.8, and
searched the bibliographies of retrieved articles for additional studies. Our search
was limited to studies conducted in sub-Saharan African published from 2000 until
the end of the search period (June 2011). We additionally searched for conference
abstracts from all conferences of the International AIDS Society (2000-2010), and
all Conference on Retroviruses and Opportunistic Infections (2000-2010). No

language restriction was applied.
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Studies were entered into an electronic database (EndNote X1) to screen
potentially eligible studies by title and abstract. The full-length articles of all
studies considered eligible upon initial screening were obtained and reviewed for
eligibility; conference abstracts were screened first by title, then by full abstract.
All reviews were done independently, in duplicate (GD and KK). Using a standard
data extraction form, GD and KK extracted relevant data, including study site,
sample size, dates of data collection, study design and outcomes and time cut-offs

for outcomes. The results of the search are presented in Supplement Figure 8.3.

8.9.2 Data analysis

We calculated point estimates and 95% confidence intervals for the proportion of
patients linking to care at various stages of the care pathway. The variance of the
raw proportions was stabilised using a Freeman-Tukey type arcsine square-root
transformation and estimates were pooled using a DerSimonian-Laird random
effects model. We calculated the 12 statistic to assess between-study heterogeneity
as this is less affected by the number of studies than the more commonly used I2
statistic. For the overall proportion of patients linking to care, we ran a subgroup
analysis to compare studies that used a time cut-off for determining linkage with
those that did not. All P-values were two-sided, and a p-value of <0.05 was
considered significant. Analyses were conducted using Stata (version 11,

www.stata.com) and StatsDirect (version 2.5.2).
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Supplement Table 8.8:  Search strategy

SET
HiIV
1 Hiv
2 Aids
3 HIV
4 HIvV-1
S ACQUIRED IMMUNODEFICIENCY SYNDROME
6 Set 1-5 were combined with "or"
Retention
7 PATIENT DROPOUTS
8 LONG TERM CARE
9 CONTINUITY OF PATIENT CARE
10 patient dropouts
11 long term care
12 loss to follow-up
13 retention in care
14 attrition or defaulting
15 pre-art or (pre adjl treatment) or (art adj1 initiation)
16 screening for art
17 art eligibility
18 eligible for art
19 eligibility for art
20 eligible for arv
21 art-eligible
22 Engaging
23 Engagement
24 continuum of care
25 Continuity
26 Set 7-25 were combined with "or "
27 Set 6 and 26 were combined with “and”
28 Set 27 was limited to years "2000-current"
Country
29 DEVELOPING COUNTRY
30 AFRICA SOUTH OF THE SAHARA
31 AFRICA
32 sub-saharan
33 all sub-Saharan countries included as Mesh and text term combined with or
34 Set 29-33 were combined with "or "
35 Set 28 and 34 combined with “and”

Words written in capital letters were used as MeSH headings, the others were used as free text.
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Supplement Figure 8.3:

755 potentially eligible citations
identified for screening
e 749 potentially relevant citations
obtained from keyword searches on
electronic databases
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Objectives: To measure HIV prevalence and uptake of HIV counseling and testing (HCT) in a peri-urban South African
community. To assess predictors for previous HIV testing and the association between the yield of previously undiagnosed
HIV and time of last negative HIV test

Methods: A random sample of 10% of the adult population (=15 years) were invited to attend a mobile HCT service. Study
procedures included a questionnaire, HIV testing and CD4 counts. Predictors for previous testing were determined using a
binominal model.

Results: 1,144 (88.0%) of 1,300 randomly selected individuals participated in the study. 71.0% (68.3-73.6) had previously had
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Introduction

HIV counseling and testing (HCT) services are important entry
points for prevention and care [1]. Studies from different countries
have shown that individuals take precautions to protect their
partners once they know they are HIV positive [2,3,4] and
modeling studies have found HCT to offer substantial clinical
benefits and to be cost-effective even in settings where linkage and
access to care is limited [5].

The past decade has seen a rapid global scale-up of HC'T [6].
Recent surveys from Tanzania, the Democratic Republic of the
Congo, Kenya, Zambia, Swaziland and South Africa reported that
between 8.6 and 56.6% of women and 9.2 and 43.0% of men ever
had an HIV test [6,7]. HCT uptake is associated with a range of
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socio-demographic factors, and is generally lower among men,
younger and older age groups, those with limited education and
income [6,8,9]. Identifying characteristics of individuals who have
never tested is important to develop services targeted at first time
testers and thus to achieve universal access to HCT.

Sexually active individuals in high HIV prevalence settings are
at continuous risk of infection and should therefore test at regular
intervals. ‘The World Health Organization (WHO) recommends
annual testing in high HIV prevalence settings as do the 2010
South African guidelines [10,11]. A recent study from South
Africa found annual screening to be very cost-effective even in the
Western Cape, the province with the lowest rates of HIV infection
in South Africa [5]. Despite the importance of annual testing,
population surveys from six sub-Saharan African countries showed
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a median of only 19% of women and 10% of men had an HIV test
in the 12 months preceding the survey [6). Even though South
Affrica is above average with 24.7% of the population reporting a
test within the last 12 months in 2008, it is still sub-optimal [7].
This study was conducted in a well characterized peri-urban
community in the Western Cape, South Africa {12,13]. The study
community has been exposed to 9 years of community-based HIV
prevention rescarch and has scen provider-initiated HIV testing
and antirctroviral therapy (AR'T) roll-out earlier than most other
communities in South Africa. This community provides a unique
opportunity to examine the effect of high HCT coverage and
frequent testing. The aims of this study were to measure HIV
prevalence and HCT uptake, to determine predictors for previous
HIV testing and to assess the association between the yield of
previously undiagnosed HIV and time of last negative test.

Methods

Ethics statement

Written informed consent was obtained from all individuals
participating in the study. Data collection and analysis was
approved by the University of Cape Town Ethics Committee and
Partners Human Subjects Institutional Review Board and the
London School of Hygiene and Tropical Medicine.

Setting

The study was based in a peri-urban township in the greater
area of Cape Town, South Africa. Regular household censuses
have shown that the community has undergone a rapid population
growth from 5000 residents in 1996 to 17000 in the most recent
census in August 2010 [12]. Adult HIV prevalence was 23% in
2005 and 25% in 2008 as measured in previous population based
HIV prevalence surveys.

The community was served by a single public-sector primary
care clinic, which provided outpaticnt care including HCT and
ART free of charge. A nearby hospital (5 km away) provided all
secondary care, including inpatient and antenatal services. The
hospital also provided ART for some HIV-infected individuals
from the community. AR'T" provision at the primary health care
clinic and hospital began in 2004. Since 2005, there has been a
significant scale-up of the ART program in this community, with
13% of all individuals infected with HIV receiving ART in 2005
and 21% in 2008 [14].

Voluntary counseling and testing services have been available to
all individuals accessing either the local clinic or the hospital since
2001 with provider-initiated testing routinely given to any patient
accessing TB services whose HIV status was unknown; this was
extended to all pregnant females accessing the hospital or clinic in
2002 and patients accessing STI services in 2007. HIV testing
rates rose from 4% of the total population per year in 2001 to 20%
in 2006 [15]. The total number of tests performed in the primary
health care clinic or hospital among residents of this community
was more than 10500 between January 2004 and March 2009
[16]. The community has also been served by a mobile HCT
service 1-2 days per month since July 2008. The mobile HCT
service has done more than 1000 tests in this community.

Community-based cross-sectional survey

A population-based HIV sero-prevalence survey was conducted
between September and December 2010. A house-to-house
enumeration of the community in August 2010 provided a
database of 12520 residents 15 years or older of whom 1300
residents were randomly selected for inclusion in the study (10% of
the community). Simple random sampling was performed using
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Stata 11.0 (Stata Corp. LP, College Station, 'I'X, United States of
America). Each adult resident in the community had an equal
chance of being selected for the survey. The census 2010 data were
used as a sampling frame. Field workers invited the sclected
individuals to attend the mobile HIV testing service. Field workers
visited houscholds of sclected individuals up to 5 times to
encourage participation. No study procedures were performed in
people’s homes. Consent, questionnaires and HIV testing were
performed at the mobile HIV testing service when a potential
participant attended the service.

Mobile HIV testing service

The mobile HIV testing service used in this study has been
described clsewhere [17]. In bricf, this nurse-run and counsclor-
supported unit provides free HCT services in combination with
free screening for other chronic conditions (i.e. hypertension,
diabetes and obesity) and TB. HIV testing is performed according
to the Provincial Government of the Western Cape guidelincs
[18]. Whilst the South African guidelines for HIV testing
recommend written informed consent, the mobile, community
based nature of this service led to the agreement by local health
authorities to allow verbal consent in clients voluntarily accessing
this service since 2008. Individuals approaching the mobile
services give verbal consent for HIV testing which is recorded
on the consultation form.

The mobile testing service was parked in front of the primary
school in the centre of the community. It operated on weekdays
and weekends as well as after hours to ensure that individuals with
regular work had an opportunity to participate.

Participants could choose one of three options to receive their
result: i) to test and receive their HIV result together with
screening for chronic diseases, ii) to provide blood and not receive
their HIV result, but undergo screening for chronic diseases or iii)
to only provide blood and not reccive their HIV result. Individuals
who consented to rapid HIV testing and tested positive were
subsequently staged according to the WHO stag;i;lg manual and
underwent a point of care CD4 count test (Alere ¥ Pima™ CD4
Analyser, Waltham, MA, USA) using venous blood samples. All
participants were compensated for transport and time with ZAR
70 (approximately 9.6 US dollars) gift vouchers.

Data collection and management

Age, sex, nationality, migration history and previous HIV
testing experience were recorded via a short questionnaire. Data
were double entered and verified in EpiData version 3.1.

For HIV testing experience this included asking whether they
had tested for HIV before and whether this was <3 months ago,
3-6 months ago, 6-12 months ago, 1-2 years ago or >2 years ago.
Where individuals had tested on the mobile clinic before, this
information was available from their previous records accessed
using a biometric system. Recent migrants were defined as
individuals who had moved into this community from either
within South Africa or from neighboring countries within the 3
years preceding the survey.

Individuals who tested HIV positive and chose to receive their
result were asked as part of the questionnaire if they were aware of
their positive sero-status. Individuals who were unaware of their
positive sero-status underwent the routine procedure of the mobile
testing service for newly diagnosed HIV positive individuals. These
procedures included clinical staging, CD4 count testing, pregnan-
cy tests for women, screening for sexually transmitted disease,
referrals to primary health care clinics and targeted counseling. All
newly diagnosed HIV positive individuals were called by their
counselor 7 days after diagnoses to ensure that they received
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enough support to deal with the new diagnosis. All counselors were
extremely experienced and as such able to confirm if an individual
was unaware of their sero-status. Twelve individuals who initially
said that they were unaware of their HIV positive sero-status
admitted to the counselor that they had known their positive sero-
status before. This information was used to amend the data. For
patients who chose to test anonymously and tested positive
(N=16) no additional information could be collected by the
counselors.

Statistical analysis

All analyses were carried out using Stata version 11.0 (Stata
Corp. LP, College Station, TX, United States of America).
Proportions and confidence intervals were calculated for categor-
ical variables, and medians and interquartile ranges for continuous
variables. The proportion of individuals who tested for HIV within
the last year was calculated using individuals at risk for testing as a
denominator. Thus, the denominator excluded individuals who
had tested HIV positive more than one year ago. The prevalence
of newly diagnosed HIV in individuals who had tested before
excluded individuals known to be HIV positive from the
denominator.

Differences in proportions between study participants who had
tested previously and study participants who had never tested were
calculated using cross-tabulation and %2 test.. Risk ratios
investigating association between age, gender, nationality, migra-
tion and previous HIV testing were calculated using a binominal
model. Differences in median CD#4 counts in individuals newly
diagnosed with HIV, known to be HIV positive but not on ART
and individuals on ART was assessed using the Kruskal-Wallis
test.

Results

Characteristics of the study population

Of 1300 individuals randomly selected from the community,
1144 (88.0%) participated. Among the 156 individuals who did
not participate in the study two had died before the study started,
five refused to participate, and the remaining 149 did not attend
the mobile HC'T service despite multiple visits to their households.
Individuals who did not participate in the study were older
(median age 31; IQR [interquartile range| 27-38) and more likely
to be men (76.2%) compared to individuals who participated in
the study (median age 28; IQR 23-35, 48.6% men) (table 1).

The majority of study participants were South African and
approximately one quarter had migrated to the study community
within the last 3 years. Most migrants came from a neighboring
province, the Eastern Cape, (52.6%) while 11.9% came from
elsewhere in the Western Cape and 22.6% from neighboring
countries. Non-South Africans (77.1%) were more likely to have
recently migrated to the study community compared to South
Africans (32.3%).

Prevalence and predictors of previous HIV testing

71.0% (95% CI 68.3-73.6) of study participants had previously
had an HIV test and more than one third (37.5%) had tested in the
12 months preceding the survey (table 1). The proportions of
women, South Africans and long term residents were higher
among individuals who had previously tested for HIV than among
individuals who had never tested (table 2). In multivariate analysis
women and South African nationals were more likely to have a
previous HIV test. Migrants and younger and older individuals
were less likely to have been tested before.
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Table 1. Characteristics, HCT coverage and HIV prevalence
(N=1144).

Variables N Percent 95% CI
Characteristics of participants

Testing and receiving result 1078 94.2 92.9; 95.6
Women 588 514 48.5; 54.3
Age <20 years 134 (% 9.9; 13.7
Age 20-34.9 years 714 624 59.5; 65.2
Age =35 years 296 259 23.4; 285
South African 1034 90.4 88.7; 92.1
Moved into the community 309 272 24.6; 29.8
during the past 3 years

Previous HIV testing

Previously tested for HIV 812 71.0 68.3; 73.6
Tested within the last year 386 375 34.6; 40.5
HIV prevalence

Newly diagnosed HIV+ 118 103 86; 121
Known HIV+ 142 124 10.5; 143
HIV- 884 773 74.8; 79.7
doi:10.1371/journal.pone.0025244.t001

HIV prevalence

Opverall the proportion of people tested who agreed to receive
their result was high (94.2%, 95%CI 92.9-95.6). A total of 66
individuals chose to test anonymously among whom 16 (24.2%)
tested positive.

Overall HIV prevalence was 22.7% (95%CI 20.3-25.3). Just
over half (54.6%, 95%CIl 48.3-60.8) of the HIV-infected
individuals knew their serostatus (table 1). Among the 142 HIV
infected individuals who knew their positive serostatus, 87 were on
ART (61.3%, 95%CI 52.7-69.3). The median CD4 count was 389
cells/uLi (IQR 269-611) in individuals newly diagnosed with HIV,
430 cells/ul, (IQR 287-631) in individuals known to be HIV
positive but not on ART and 440 cells/uL. (IQR 295-627) in
individuals on ART. CD#4 counts were not significantly different
across the three groups.

HIV prevalence and the proportion of undiagnosed HIV was
associated with age and sex (figure 1). HIV prevalence was 12.1%
(95%CI 7.4-16.8) in women 15-25 years of age compared to
41.8% (95%CI 35.8-47.8) in women aged 25.1-35. HIV
prevalence in men was highest among the 35.1-45 year olds
(37.5%, 95% 26.7-48.3). The proportion of positive tests that were
new HIV diagnoses was significantly higher in men (62.1%,
95%CI 51.0-72.3) compared to women (37.0%; 95%CI 29.8-
44.7).

Prevalence of previously undiagnosed HIV

Prevalence of previously undiagnosed HIV was 18.4% (95%CI
14.2-22.4) in individuals who had never tested for HIV and 8.5%
(95%CI 6.4-10.6) in individuals who reported HIV testing prior to
the survey (p<<0.001). Prevalence of previously undiagnosed HIV
was 4.5% (95%CI 2.3-6.6), 8.0% (95%CI 3.9-12.0) and 20.0%
(95%CI 13.2-26.8) in individuals who had their most recent HIV
test within 1 year, 1-2 years and more than 2 years prior to the
survey. There was no difference in prevalence in individuals last
tested <3 (4.1%), 3-6 (4.9%), 6-12 (4.9%) months prior to the
survey. A sensitivity analysis excluding the 16 individuals who
tested positive but did not want to receive their test results revealed
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similar prevalence estimates except for the prevalence estimate in
individuals last tested <3 months ago (1.2%).

In long-term residents, prevalence of previously undiagnosed
HIV was 3.9% among those tested within 12 months and 6%
among those tested within 1-2 years prior to the survey .
Individuals who had recently moved into the community had a
higher prevalence of previously undiagnosed HIV: 6.1% in
individuals tested in the past 12 month and 14.3% in individuals
tested 1-2 years ago.

Discussion

This cross-sectional population based sero-survey found a peak
HIV prevalence in the age group 25.1-35 in women (41.8%) and
35.1-45 in men (37.5%) in this peri-urban community. Almost

Table 2. Comparison of previously tested and untested individuals (N = 1144).

Previously tested Never tested p value Predictors of
Variables for HIV (N=812) for HIV (N=332) (4 test) previous HIV test

N Percent 95% CI N Percent  95% CI RR 95% ClI p value
Women 486 59.9 56.5; 63.2 102 30.7 25.7,35.7 <0.01 133 1.33; .143 <0.01
Age <20 years 75 9.2 73; 114 59 17.8 13.8; 22.2 <0.01 0.79 0.68; 0.91 <0.01
Age 20-34.9 years 532 65.5 62.1; 68.8 182 548 49.3; 60.3 1.00
Age =35 years 205 243 22.3; 284 9 274 22.7; 325 0.87 0.81; 0.95 <0.01
South African 758 933 91.6; 95.1 276 83.1 79.1; 87.2 <0.01 1.29 1.06; 1.57 0.01
Moved into the community 187 231 20.2; 26,1 122 372 31.9; 425 <0.01 0.83 0.80; 0.95 0.02
during the past 3 years
doi:10.1371/journal.pone.0025244.t002

half (45.4%) of the individuals infected with HIV were unaware of
their HIV positive sero-status despite 71.0% of the population
reporting that they had previously had an HIV test. Younger and
older individuals, immigrants, individuals who had recently moved
to the community and men were less likely to have previously
tested for HIV. The prevalence of undiagnosed HIV was strongly
associated with a history of HIV testing. Even among individuals
who reported their most recent negative HIV test in the 12 months
prior to the survey, the prevalence was 4.5%. CD4 count
distributions were similar in HIV positive individuals on ART
and not ART probably due to high ART coverage in this
community [19].

In this community 71.0% had previously tested for HIV and
37.5% had an HIV test within the last 12 months. This is
substantially higher than the corresponding national estimates

45 - Women 45 - Men
40 40
- 35 1 - 35
2 X
s 0 o 30 7
o Q
§ 25 § 25 A
$ 20 1 3 20 1
- a i
;- 15 > 15
I 10 10 1
15-25 25.14-35 35.1-45 > 45 15-25 25.1-35 35.1-45 > 45
Age (years) Age (years)
Overall HIV prevalence and 95% confidence intervals
Gender 15-25 years 25.1-35 years 35.1-45 years >45 years
Women 12.1 (7.4-16.8) 41.8 (35.8-47.8) 39.5 (28.2-50.7) 14.8 (5.0-24.6)
Men 3.0(0.6-5.4) 19.5 (14.4-24.6) 37.5 (26.7-48.3) 12.2(1.7-22.7)

Figure 1. HIV prevalence by age and sex.
doi:10.1371/journal.pone.0025244.g001
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from 2008 of 50.8% and 24.7%, respectively [7]. HCT services
were strengthcned and provider-initiated as well as voluntary
testing was implemented as carly as 2002 through the ongoing
research program in this community which might explain some of
the differences. Furthermore HCT has been scaled up on a
national and provincial level over the last years. |7]. In April 2010
a national HCT campaign was launched aiming to test 15 million
people for HIV by June 2011. This might have led to increased
testing rates in the months before this survey.

In a community with such high testing rates one would expect
the majority of HIV infected individuals to be aware of their HIV
positive sero-status. The high proportion (45.6%) of undiagnosed
HIV in this community may be due to a very high incidence.
This study was not designed to measure HIV incidence. However
a 4.5% prevalence of undiagnosed HIV in individuals reporting a
ncgative test within the last 12 months translates into an
incidence of 12.4 per 100 person-years assuming that the
infection occurred at the mid-point between the last negative
test and the positive test. Even when excluding individuals who
tested positive, but did not want to receive their results, as these
individuals might have known their positive sero-status before,
the HIV incidence remains at 8.5 per 100 person-years. The
method used to calculate these incidence estimates has not been
validated and thus the estimates should be viewed with caution.
'They are, however in keeping with the incidence of 7.2 per 100
person-years reported from a cohort in this community in 2004~
2005 |20]. Similar incidence rates of 6.4 per 100 person-years
have been reported in women in rural and urban in KwaZulu
Natal, South Africa [21]. These incident rates are in stark
contrast to a recent estimate of 1.3 per 100 person-years using
data from thrce national surveys {22]. National incidence
estimates provide an average of incidence estimates across South
Africa therefore very high incidence in some communities [23]
might be compensated for by low incidence in others. In addition,
it is well rccognized that the South African HIV epidemic is
heterogencous with wide inter- and intra- provincial variation in
HIV prevalence and incidence rates.

Individuals tested more recently are a self-selected group who
might be at higher risk of HIV infection, which might bias the
HIV incidence estimate. With almost a third of the population
reporting that they had moved to the community in the last 3 years
incidence might be overestimated due to high risk of HIV infection
in migrants [24,25]. Restricting the analysis to long-term residents
only, reveals an HIV incidence estimate of 6.1/100 person-years,
which is still extremely high. The HIV prevalence of 12.1%
among young women provides further evidence for a very high
HIV incidence in this community.

The high incidence in this community and the high prevalence
of HIV in women aged 25.1-45 show that current prevention
efforts — even in a setting where HIV prevention research is
conducted — are failing. HIV prevalence cstimates from this
community with a peak prevalence of 41.8% in women and 37.5%
in men are as high as reported from rural Kwazulu Natal, the
South African province hardest hit by the HIV epidemic [26].
This community was exposed to more intensive prevention
messages and better resourced HIV services than most other
South African communities as evidenced by higher HCT coverage
and the lower prevalence of newly diagnosed HIV in repeat testers
in long-term residents as compared to recent migrants.

However prevention tools in 2011 are still very limited and these
data would indicate that testing and awareness alone are
insufficient to reduce HIV acquisition risk. Of note, a high HIV
incidence has also been reported from the CAPRISA 004
microbicide trial in KwaZulu Natal, South Africa. Women
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participating in the CAPRISA 004 trial were all exposed to a
package of prevention consisting of condoms, monthly testing and
risk reduction counscling, but even so HIV incidence was reported
at 9 per 100 person-years in the placebo assigned study group [27}.
Clearly there is a need for additional and innovative prevention
programs to reduce HIV incidence.

The high prevalence of undiagnosed HIV cven in individuals
who reported testing negative within the 3 months preceding the
survey underscores the importance of counscling individuals on
the window period as well as frequent repeated HIV testing
especially for those at high risk of HIV infection. However,
another reason for the high prevalence of undiagnosed HIV
despite recent testing might be the low sensitivity of rapid HIV
tests due to poor adherence with correct testing procedures in
routine clinical practice and previous testing in the ‘window
period’ during serocoversion [28].

Any annual screening program for a chronic and possibly fatal
discase using a cheap point of care rapid test with a yield of 4.5%
should be cost-effective [5]. With a yield of 4.5% in individuals
who had tested negative in the 6 months preceding the survey even
more frequent testing might be justified.

Previous testing experience and awareness of the HIV positive
sero-status was assessed by self report which might be influenced
by social desirability bias. In addition the exact time of testing
might have been influenced by recall bias resulting in misclassi-
fication. Some of the individuals participating in the survey had
tested at the mobile clinic before (N = 50). All but two reported the
correct time of previous test. Bias and chance could cxplain the
steady prevalence of 4-5% in individuals tested within 0-3
months, 3-6 months and 6-12 months prior to the survey.
However an alternative explanation is that individuals testing at
higher frequency might have a higher risk of HIV infection or that
anonymous testers who tested positive in this survey knew their
status already. Excluding those individuals did not change the
overall results.

This study found that men, non-South Africans, younger and
older individuals and individuals who had moved to the
community within the last 3 years were less likely to have ever
tested before, consistent with other studies from South Africa
{7,25,29,30]. More importantly the yield of newly diagnosed HIV
was twice as high in individuals who had never tested before
compared to individuals who reported a prior HIV test,
emphasizing the need for frequent testing and expanding services
to segments of the population which are hard to reach. This study
highlights again that men are particularly underserviced as almost
two thirds of HIV infected men were unaware of their HIV
positive sero-status.

Among the limitations of this study are: a non-attendance rate
of 12%. Reasons for non-attendance were temporary absentee-
ism (prolonged visits to the neighboring province), work
commitment and silent refusals. These data are similar to other
population based HIV sero-prevalence surveys from sub-
Saharan Africa reporting absenteeism rates of 0.8-35.2% and
refusal rates of 2.7-35.9% [31,32,33]. HIV prevalence found in
this survey is consistent with estimates from previous surveys
from the same community [34], thus non-response bias due to
differences in age and gender between attendees and non-
attendees seems negligible.

Fear of stigma and lack of confidentiality have been shown to be
a major barrier for HIV testing [35,36,37,38,39,40]. The high
uptake of open (non-anonymous testing) is particularly encourag-
ing and might be attributed to a well functioning and efficient
ART program, reduced stigma due to a long period (9 years) of
community-based HIV prevention research in this community
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and the fact that nonc of the tcam members working on the mobile
HCT service were part of the community.

In conclusion this study showed a high burden of undiagnosed
HIV despite high HCT coverage. The yield of previously
undiagnosed HIV was 4.5% in individuals with a negative HIV
test within 12 months preceding the survey. This suggests a very
high HIV incidence. The results emphasize the importance of
repeat testing perhaps even more frequently than annually. It
underscores the notion that innovative and effective prevention
interventions in addition to post test counscling are urgently
required.
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Abstract

Background: Antiretroviral therapy (ART) has been scaled-up rapidly in Africa. Programme reports typically focus on loss to
follow-up and mortality among patients receiving ART. However, little is known about linkage and retention in care of
individuals prior to starting ART.

Methodology: Data on adult residents from a periurban community in Cape Town were collected at a primary care clinic
and hospital. HIV testing registers, CD4 count results provided by the National Health Laboratory System and ART registers
were linked. A random sample (n=885) was drawn from adults testing HIV positive through antenatal care, sexual
transmitted disease and voluntary testing and counseling services between January 2004 and March 2009. All adults
(n=103) testing HIV positive through TB services during the same time period were also included in the study. Linkage to
HIV care was defined as attending for a CD4 count measurement within 6 months of HIV diagnosis. Linkage to ART care was
defined as initiating ART within 6 months of HIV diagnosis in individuals with a CD4 count =200 cells/ul taken within 6
months of HIV diagnosis.

Findings: Only 62.6% of individuals attended for a CD4 count measurement within 6 months of testing HIV positive.
Individuals testing through sexually transmitted infection services had the best (84.1%) and individuals testing on their own
initiative (53.5%) the worst linkage to HIV care. One third of individuals with timely CD4 counts were eligible for ART and
66.7% of those were successfully linked to ART care. Linkage to ART care was highest among antenatal care clients. Among
individuals not yet eligible for ART only 46.3% had a repeat CD4 count. Linkage to HIV care improved in patients tested in
more recent calendar period.

Conclusion: Linkage to HIV and ART care was low in this poor peri-urban community despite free services available within
close proximity. More efforts are needed to link VCT scale-up to subsequent care.
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Introduction

South Africa is home to one-sixth of the world’s population
living with HIV and has the largest antiretroviral therapy (ART)
programme in the world [1,2]. ART roll out began nationally in
late 2003 and by the middle of 2008, 568,000 adults and children
were receiving AR'T. This translated into around 40% of eligible
adults receiving ART in 2008 [3], although the latest guidelines
recommend earlier initiation for certain patients, thus increasing
the numbers eligible for AR'T" and widening the treatment gap [4].

In an effort to increase access to prevention and care, South
Africa launched an ambitious national campaign in April 2010
aiming to test 15 million people for HIV and to reach 1.5 million
people with ART by June 2011. Increased HIV testing may
impact on risk behavior in the short-term [5]. However, there is
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also a need to ensure that those who need treatment are linked to
the appropriate services while those not eligible for treatment are
monitored and started on ART when appropriate. A study from
Durban, South Africa, reported that almost two-thirds of newly
diagnosed patients accessing care in a semi-private hospital were
lost to care between HIV diagnosis and getting a CD4 count, and
another one in five patients were lost between CD#4 testing and
AR initiation [6,7]. Another study from South Africa found that
only 45% of eligible patients started ART in a public sector ART
project in Free State. Mortality and TB incidence in patients
failing to initiate AR'T was more than 2 times higher compared to
patients initiating AR'T [8].

The impact of ART on mortality, morbidity, TB incidence
[9,10] and HIV transmission [11] at a population level depends on
ART coverage. ART coverage defined as the number of patients
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receiving ART at a point in time, divided by the number needing
treatment is determined by timely HIV diagnosis and effective
linkage to ART. This study investigates linkage to HIV and ART
care using a random sample of individuals testing HIV positive
either provided-initiated (through antenatal care (ANC), tubercu-
losis (T'B), sexually transmitted infection (ST1) services) or client-
initiated (through voluntary counscling and testing (VCT) services)
in a peri-urban township in the Western Cape Province in South
Africa. Linkage to carc was defined first as attending for a CD4
count mcasurcment within 6 months of a positive HIV test and
second as the proportion of cligible individuals starting ART
within 6 months of their HIV diagnosis.

Methods

Setting

The study was based in a peri-urban township in the greater
arca of Cape Town, with a population of approximately 15,000
people and a mcasured adult HIV prevalence of 23% in 2005
[12]. The community is scrved by a single public-sector primary
care clinic, which provides outpatient care including ART free of
charge. A nearby hospital (5 km away) provides all secondary care
for the population, including inpatient and antenatal services. The
hospital also provides ART for some HIV-infected individuals
from the community.

HIV testing, CD4 count measurements and ART services

Client-initiated HIV testing services have been available to all
individuals accessing either the local clinic or the hospital since
2001. Clients who tested on their own initiative are referred to as
having tested through VCT services. Provider-initiated testing was
routinely provided to any patient accessing TB services whose HIV
status was unknown. This was extended to all pregnant females
accessing the hospital or clinic in 2002 and patients accessing STI
services in 2007. All testing required signed consent. All CD4 count
tests were free for patients and performed by the centrally located
National Health Laboratory Services (NHLS) in Cape Town.

ART provision at the primary health care clinic and hospital
began in 2004.

Linkage to HIV and ART care

Linkage to HIV care was defined as attending for a CD4 count
measurement within 6 months of HIV diagnosis. We did not
ascertain if individuals actually received their CD4 counts.
Linkage to ART care was defined as initiating ART within 6
months of HIV diagnosis in individuals with a CD4 count =200
cells/pl taken within 6 months of HIV diagnosis. Having a repeat
CD4 count was defined as having had a repeated CD4 count in
individuals not yet eligible for ART (CD4 count >200 cells/pl)
and tested before 2009.

Data collection

We collected data from 3 sources. First, the primary care clinic
and hospital HIV testing registers provided all data on HIV infected,
adult community residents (=18 years) diagnosed between January
2004 and March 2009. Data at the primary health care clinic were
missing for the period from February 2008 to August 2008. For each
test encounter recorded in the registers, we retrieved data on client
identification variables (first name, surname, date of birth, and
medical record number); place of residence; sex; test acceptance; test
result and service. For HIV infected individuals who tested more
than once, the earliest positive HIV test was considered. Second,
data on CD4 counts performed at either the primary care clinic or
the hospital in the period from 2004 to October 2009 were obtained
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from NHLS. The date of CD4 count was the date the client provided
blood. Third, data from residents who initiated ART care at the
primary health care clinic or hospital were obtained from electronic
ART registers at the clinic and hospital.

These three databases were merged on first name, surname,
medical record number and date of birth. In cases where
identifiers did not match completely two researchers (PG and
KK) independently confirmed that records in different databases
were from the same individual. Concordance between the two
researchers was 97%. Cases where the two researchers disagreed
were discussed until consensus was reached. For all subsequent
analysis data was stripped of all personal identifiers.

Ethics

Written informed consent was obtained from all individuals
initdated on ART and screened for ART. Individuals testing for
HIV arc routinely entered into the HIV testing register. Informed
consent was not obtained from HIV positive individuals not
linking to care, as this was a retrospective study and individuals
were not actively follow-up. Data collection and analysis was
approved by the University of Cape Town Ethics Committee and
Partners Human Subjects Institutional Review Board and the
London School of Hygiene and Tropical Medicine.

Statistical analysis

A random sample (n=885) of adults testing HIV positive
through ANC, STI and VCT services between January 2004 and
March 2009 was selected for this analysis. All adults testing
positive through TB services were included in this analysis to
ensure an adequate sample size in this group.

All analyses were carried out using Stata version 11 (Stata Corp.
LP, College Station, TX, United States of America). Proportions
were calculated stratified by service. Total proportions were
calculated taking the different sampling proportions into account.
Risk ratios investigating associations between age, sex, calendar
period and timely linkage to HIV care, CD4 count =200 cells/pl
and repeated CD4 counts were estimated for each service. Risk
ratios were calculated using a log binominal model {13].

Results

HIV testing and HIV prevalence

A total of 8515 records of HIV tests were available for adult
members of the community. The majority of individuals tested
through VCT (n= 15345, 62.8%) services (Table 1). The overall
HIV prevalence among those tested was 23.5% with the highest
prevalence among J)atients tested through TB (37.9%) and VCT
services (24.9%) (x° test, p<0.01). The median age of individuals
tested was 26 (interquartile range (IQR), 22-32) and 67.9% were
women. HIV prevalence was 21.6% in men and 24.4% in women,

A total of 2002 clients tested HIV positive. Their median age
was 28 years (IQR, 24-33) and the majority were women (70.3%).
The proportion of women testing HIV positive was 100% in ANC,
66.2% in STI, 38.8% in TB and 66.4% in VCT clients. 1330
(66.4%) individuals tested HIV positive through VCT, 332
(16.6%) through ANC, 237 (11.8%) through STI and 103
(5.1%) through TB services.

Linkage to HIV and ART care

Linkage to HIV and ART care was assessed in a random
sample of 47% of individuals testing HIV positive through ANC,
STI and VCT services and 100% of individuals testing through
TB services: 150 tested through ANC, 113 through STI, 662
through VCT and 103 through TB services. Only 62.6% (95%CI
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Table 1. Number (%) of individuals who tested for HIV and
who were found to be positive stratified by type of clinical
service.

ANC
service

STI
service

TB
service

vCT

service Total

Tested N (%) 1525 (17.9) 1370 (16.1) 275 (3.2)
Positives N (%) 332 (16.6) 237 (11.8) 103 (5.1)
HIV Prevalence 21.8% 17.3% 37.5%

5345 (62.8) 8515 (100)
1330 (66.4) 2002 (100)
24.9% 23.5%

All HIV testing records available for the period from January 2004 until March
2009 from adult patients were included in this analysis.

ANC = antenatal care, STl = sexual transmitted infections, TB = tuberculosis,
VCT = voluntary counseling and testing.
doi:10.1371/journal.pone.0013801.t001

59.6-65.5) of clients attended for a CD4 count measurement
within 6 months of testing HIV positive (Table 2) and 26.3%
95%CI 23.5-29.0) did not have any recorded CD4 count test.
The proportion of individuals attending for a CD4 count
measurement within 6 months was highest among individuals
tested through ANC (81.3%) and STI (84.1%) services and lowest
among those who learnt of their status via VCT (53.5%) (Table 2).

Among individuals with a CD4 count measurement within 6
months, 34.1% (95%CI 30.4-37.7) were eligible for ART according
the South African Department of Health criteria (CD4 count =200
cells/pl) at the time of the study (Table 2). Low CD#4 counts were
more prevalent among individuals tested through T'B (54.9%) and
VCT services (42.6%). In individuals attending for a CD4 count
measurement within 6 months the median time between HIV test
and CD4 count measurement was: 2 days (IQR 2-6) for ANC, 3
days (IQR 2-4) for STI, 3 days (IQR 2-5) for TB and 2 days (IQR
9-4) for VCT clients. Overall 4.3% of clients attended for a CD4
test at the same day as the HIV test. The majority of clients attended
for CD4 count testing within 1 week (84.9%), 14.2% within 8 days
and 3 months and only 0.9% within 3 and 6 months.

In individuals with a delayed first CD4 count measurements, the
mean time between HIV diagnosis and first CD4 count was 490
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Figure 1. Number of clients testing HIV+, with timely CD4
counts, eligible for ART and initiating ART estimated using
proportions from table 2. ART = antiretroviral therapy, ANC=ante-
natal care, STI=sexual transmitted infections, TB=tuberculosis,
VCT =voluntary counseling and testing.
doi:10.1371/journal.pone.0013801.g001

days (IQR 345-769). Among patients with delayed first CD4
count measurements, 33.2% (95%CI 24.3-42.1) had a CD4 count
=200 cells/pl and 26.2% (95%C1 17.8-34.8)—43.2) had a CD4
count of 201-350 cells/pl.

Only 66.7% (95% CI 60.2-73.1) of eligible individuals with a
timely CD4 count accessed ART care within 6 months of HIV
testing (Table 2). Linkage to ART care was highest among
individuals tested through ANC services (72.2%). Among
individuals not yet eligible for ART only 46.3% (95%CI 41.4-
51.1) ever had a repeat CD4 count. Median time between the first
and the second CD4 count was 236 days.

Figure 1 summarizes the number of people tested through
different services and the numbers linking to HIV and ART care
by service using the proportions estimated from the random
sample.

@ PLoS ONE | www.plosone.org

Table 2. Percentage of individuals linking to HIV care (as defined by attending for a CD4 cell count measurement), distribution of
CD4 count measurements, percentage of patients subsequently initiating ART and percentage of clients non-eligible for ART
returning for a repeat CD4 count.
ANC (n=150) STI(n=113) TB(n=103) VCT(n=622) Total
Variables % (N) % (N) % (N) % (N) %
First CD4 count after HIV test =6 months 813 (122) 84.1 (95) 68.9 (71) 53.5 (333) 62.6 (59.6-65.5)
>6 months 20(3) 27 @3) 136 (14) 14.8 (92) 11.1 (9.2-13.1)
None 16.7 (25) 133 (15) 17.5 (18) 31.7 (197) 26.3 (23.5-29.0)
First CD4 count within 6months of HIV test <200 cells/pl 14.8 (18) 22.1 (21) 549 (39) 423 (141) 34.1 (30.4-37.7)
201-350 cells/ul 246 (30) 326 (31) 239 (17) 23.7 (79) 25.3 (21.8-28.8)
>351 cells/ul 60.7 (74) 453 (43) 21.1 (15) 339 (113) 40.6 (36.8-44.4)
ART initiation within 6 months of HIV test in Yes 722 (13) 524 (11) 71.8 (28) 67.4 (95) 66.7 (60.2-73.1)
eligible individuals with timely first CD4 count
No 27.8 (5) 47.6 (10) 282 (11) 32.6 (46) 33.3 (26.9-39.%
Repeat CD4 count in individuals with a first CD4 Yes 485 (47) 57.6 (38) 345 (10) 42.3 (96) 46.3 (41.4-51.1)
count >200 cells/ul
No 51.5 (50) 424 (28) 65.5 (19) 57.7 (131) 53.7 (48.9-58.6)
ANC = antenatal care, STl =sexual transmitted infections, TB = tuberculosis, VCT = voluntary counseling and testing.
doi:10.1371/journal.pone.0013801.t002
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Table 3. Factors associated with linkage to HIV care (attending for a CD4 count measurement within 6 months of HIV diagnosis)

Variables ANC ST B veT

RR (95% CI) RR (95% CI) RR (95% CI) RR (95% ClI)
Female NA 1 1 1
Male NA 0.93 (0.79-1.09) 1.01 (0.82-1.25) 1.10 (1.01-1.33)
Age<30 years 1 1 1 1
Age=30 years 0.97 (0.90-1.04) 1.17 (1.01-1.35) 1.07 (0.84-1.35) 1.16 (0.96-1.26)
Tested in 2004-2006 1 NA 1 1
Tested in 2007-2009 0.87 (0.74-0.99) NA 1.67 (1.27-2.21) 1.60 (1.40-1.84)

NA = not applicaple.
doi:10.1371/journal.pone.0013801.t003

Predictors of low CD4 count, linkage to HIV, and
repeated CD4 counts

Risk ratios investigating predictors for linkage to HIV care
showed that linkage to care in TB (RR 1.67, 95%CI 1.27-2.21)
and VCT (RR 1.60, 95%CI 1.40-1.84) clients was more likely in
2007-2009 compared to 2004-2006 (table 3). This was not the
case for ANC (RR 0.97) clients who were slightly less likely to link
to HIV care if tested more recently (table 3). Linkage to ART care
could only be assessed in VC'T' clients due to the small sample size
in the other groups. Neither age (RR 0.85, 95%CI 0.67-1.09) nor
sex (RR 1.03, 95% CI 0.81-1.31) nor year of testing (RR 1.02,
95% CI 0.81-1.30) predicted linkage to HIV care in VCT clients.

The risk of having CD4 count measurement <200 cells/pl was
higher in individuals aged more than 30 years regardless which
service they tested through (table 4). Repeated CD4 counts were
1.3 times more likely in individuals more than 30 years of age, but
this result only reached significance in the VCT clients (RR 1.25,
95% CI 1.00-1.55).

Discussion

This study evaluated the proportion of individuals linking to
HIV care in a public sector service in Cape Town, South Africa.
Only 63% of patients attended for a CD4 count measurement
within 6 months of diagnosis. Although a substantial proportion of
patients had CD4 counts =200 cells/pl (34%) and were therefore
eligible for ART according to South African guidelines [14], only
67% of these started ART within 6 months. Among those who did
have a timely CD4 count but were not yet eligible for ART, only

ANC = antenatal care, STI=sexual transmitted infections, TB =tuberculosis, VCT = voluntary counseling and testing.

46% returned for a repeat CD4 count after a median time of 8
months. Individuals testing through ANC services had better
linkage to HIV and ART care and higher CD4 counts at time of
HIV diagnosis compared to individuals accessing the other
services.

HIV is a chronic discase and comprehensive HIV care needs to
be provided within a continuum of care [15]. ART is just one of
the components of HIV care and care of individuals not yet
requiring ART is equally important [16]. The continuum of HIV
care starts when an individual is diagnosed with HIV. ART
eligibility should be assessed when individuals are newly diagnosed
and in regular (6 monthly) intervals thereafter. Individuals not yet
cligible for ART should receive comprehensive HIV care
including cotrimoxazole, isoniazid preventive therapy, screening
for 'TB and cervical cancer, contraceptive advice, counseling and
social support until they become eligible for ART. Following
initiation of ART" individuals needs to be supported within the
same framework to ensure good adherence and retention in care.

We identified a number of important issues in our study. First,
people who tested on their own initiative were least likely to have a
timely CD4 count measurement done, underscoring the nced to
ensure that scale up of VCT programmes will be accompanied by
clear plans to ensure that those who test positive go on to receive
appropriate care. Second, almost a third (28%) of eligible patients
with TB did not receive ART despite recommendations in favour
of concomitant treatment since 2003 [17], and ART being
associated with a 64-95% reduction in mortality in such patients
[10,18,19,20]. This underscores the importance of integrating
HIV and T'B services [21].

@ PLoS ONE | www.plosone.org

Table 4. Factors associated with having a CD4 count =200 cells/ul within 6 months of HIV diagnosis.
Variables ANC STI T veT

RR (95% CI) RR (95% CI) RR (95% ClI) RR (95% CI)
Female NA 1 1 1
Male NA 0.82 (0.36-1.86) 0.97 (0.62-1.50) 1.27 (0.99-1.63)
Age<30 years 1 1 1 1
Age=30 years 2.42 (1.03-5.68) 2.00 (0.92-4.35) 1.10 (0.68-1.78) 1.40 (1.07-1.82)
Tested in 2004-2006 1 NA 1 1
Tested in 2007-2009 1.32 (0.57-3.08) NA 1.18 (0.75-1.85) 0.94 (0.74-1.19)
ANC = antenatal care, STI=sexual transmitted infections, TB=tuberculosis, VCT = voluntary counseling and testing.
doi:10.1371/journal.pone.0013801.t004
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‘This study shows that men and younger adults fail to access
health services efficiently. Only 30% of clients tested for HIV were
men. This is consistent with studies showing that HIV-infected
men are less likely to access treatment [22,23], present with more
advanced stages of HIV disease [24] and have a higher mortality
risk during ART [25,26,27,28,29,30,31,32]. Repeated CD4
counts were less likely in individuals under 30 yecars of age as
also reported clsewhere{33].

It is important to note that less than half of patients whose first
CD4 count was above the ART cligibility threshold came back for
a repeat test. One way of improving AR uptake, and thus reduce
mortality among paticnts who arc otherwisc lost to care, might be
to change the CD4 threshold to 350 cell/pl in line with the latest
World Health Organization recommendations [34].

Our overall finding that 33% of patients eligible for ART were
lost to care is consistent with scveral reports from clsewhere in
southern Africa. In a programme report from South Africa, only
55% of patients had a CD4 count measurement within 8 weeks of
HIV diagnosis and 81% of eligible patients were on AR'T at 3
months follow-up [6,7]. Out of 2483 patients eligible for ART in
Uganda 637 (26%) did not start AR'T; a third of these patients
died before ART initiation and another quarter were alive but not
taking ART [25]. In Mozambique only 57% of patients testing
HIV positive entered HIV care and 31% of patients eligible for
ART started ART within 3 months [33].

In our study only 63% of patients testing positive for HIV
attended for a CD4 count measurement within 6 months. These
outcomes are worse than those recently reported by a public-sector
clinic in Johannesburg wherc 84.6% of patients who tested positive
for HIV had a CD#4 count mcasurcment. The majority of these
paticnts did not return for their CD4 result within 12 weeks [36].
Data from the same clinic in Johannesburg showed that among
patients not yet cligible for ART only 26% returned for a
scheduled pre-ART medical visit within one year compared to
43% of our patients not yet eligible for ART returning for a repeat
CD4 count [37].

Substantial improvement in linkage to HIV care for TB and
VCT patients was observed in more recent years in this study and
yet this was not accompanied by improvements in linkage to ART.
Failure of linkage to HIV and ART services translates into
incomplete ART coverage at population level, seriously under-
mining the potential for reductions in mortality, morbidity, TB
incidence and HIV transmission.

The study has several strengths and limitations. Strengths
include that the study was conducted in a routine clinical program
where CD4 count testing and ART were provided free. Thus, the
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results should be generalisable to similar settings. The study was
conducted over a prolonged period with increasing ART
availability. Among the limitations is the fact that patients might
have been misclassified as failing to link to care if they accessed
care with a service provider other than the primary health care
clinic or hospital. Thus, linkage to care might be underestimated.
However the nearcest other ART site is more than 10 km away,
and residents of this poor community are unlikely to have sought
care in such a distant ART site unless they had moved away.
Second, we did not assess if patients who had a CD4 count
measurement actually returned to receive the result. Thirdly, we
did not investigate reasons for not linking to care. Studies that have
ascertained outcomes among patients lost to care have reported
that up to a third of patients who failed to initiate ART had died
17,8,25]. Time cut-offs for linkage to care for both timely CD4
count and AR'T initiation are somewhat arbitrary. When no time
cut-offs were used 75.3% (95% CI 70.3-80.3) of eligible
individuals who had a CD4 count at some point during the study
period eventually initiated ART.

In conclusion, while considerable attention has been paid to loss
to follow-up and mortality among patients receiving ART
[32,38,39,40], data on losses at earlier stages of the care pathway
are scarce. As our study shows, a focus only on outcomes of thosc
patients fortunate enough to initiatc treatment fails to account for
a substantial number of paticnts who are eligible for ART but do
not receive it or not yet eligible but fail to reappear. Pre-ART
defaulting should be encouraged in programme reporting.
Programme adaptation to ensure retention in care between testing
and ART should consider point of care CD4 count testing at time
of HIV diagnosis as well as provision of integrated TB and HIV.
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in clinical practice: a systematic review
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Summary oBJECTIVE To characterize the frequency, reasons, risk factors, and consequences of unstructured
anti-retroviral treatment interruptions.

METHOD Systematic review.

RESULTS Seventy studies were included. The median proportion of patients interrupting treatment was
23% for a median duration of 150 days. The most frequently reported reasons for interruptions were
drug toxicity, adverse events, and side-effects; studies from developing countries additionally cited
treatment costs and pharmacy stock-outs as concerns. Younger age and injecting drug use was a fre-
quently reported risk factor. Other risk factors included CD4 count, socioeconomic variables, and
pharmacy stock outs. Treatment interruptions increased the risk of death, opportunistic infections,
virologic failure, resistance development, and poor immunological recovery. Proposed interventions to
minimize interruptions included counseling, mental health services, services for women, men, and ethnic
minorities. One intervention study found that the use of short message service reminders decrease the
prevalence of treatment interruption from 19% to 10%. Finally, several studies from Africa stressed the
importance of reliable and free access to medication.

CONCLUSION Treatment interruptions are common and contribute to worsening patient outcomes.
HIV/AIDS programmes should consider assessing their causes and frequency as part of routine moni-
toring. Future research should focus on evaluating interventions to address the most frequently reported

reasons for interruptions.

keywords HIV, unstructured treatment interruption, antiretroviral therapy

Introduction

Antiretroviral therapy (ART) has dramatically reduced
HIV-associated mortality and morbidity in high- and low-
income countries (Palella et al. 1998; Egger et al. 2002;
Jahn et al. 2008; Floyd et al. 2010; Mahy et al. 2010).
Treatment outcomes reported from cohort studies and
clinical trials have improved over time as a result of
improved drug efficacy, reduced toxicity, and simplified
treatment through reduced pill burden and dosing intervals
(Boyd 2009). Despite these improvements, consistent
adherence and uninterrupted treatment remain major
challenges (Lazo et al. 2007; Byakika-Tusiime et al. 2009;
Lima et al. 2009; Glass et al. 2010; Bastard et al. 2011).
Ensuring high levels of adherence is desirable for the
treatment of any chronic conditions (Jackevicius et al.
2002; Kopjar et al. 2003; Cramer 2004; Osterberg &

© 2011 Blackwell Publishing Ltd

Blaschke 2005) but is particularly important for treatment
of HIV in resource-limited settings, where less robust
regimens are used and an extremely high level of adherence
(>95%) is required to prevent the development of drug
resistance (Bangsberg et al. 2006). There are many chal-
lenges to maintaining such high levels of adherence (Mills
et al. 2006; Nachega et al. 2010). Among these, treatment
interruptions are an inconsistently reported yet common
phenomenon in clinical practice, often occurring as a result
of treatment fatigue or in an attempt to minimize side-
effects. Common toxicities such as lipodystrophy and
metabolic side-effects related to prolonged use of ART may
improve when treatment is stopped (Tuldra et al. 2001;
Mocroft et al. 2005; Mussini et al. 2005; Calmy et al.
2007). However, the majority of individuals who discon-
tinue treatment only do so temporarily, as they experience
a rapid decline in CD4 count and increase in viral load
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following discontinuation of therapy (Poulton et al. 2003;
Skiest et al. 2004; El-Sadr et al. 2006; Sungkanuparph
et al. 2007).

The potential for provider-directed, structured treatment
interruptions as a way to limit antiretroviral exposure (and
therefore both toxicities and costs) was abandoned after
randomized trials and cohort studies found an increased
risk of opportunistic infection and death (El-Sadr et al.
2006; Mugyenyi et al. 2008; Seminari et al. 2008).
Nevertheless, patient-initiated unstructured treatment
interruptions are a reality of routine clinical care and have
been reported in both developed (Holkmann Olsen et al.
2007) and developing country settings (Kranzer et al. 2010).

To better characterize the frequency, reasons, risk
factors, and consequences of unstructured treatment
interruptions in routine clinical practice, we conducted a
systematic review of available studies reporting on
unstructured treatment interruptions.

Methods
Criteria for selection of studies

We aimed to identify studies reporting on unstructured
ART treatment interruptions in clinical practice. Unstruc-
tured treatment interruption was defined as discontinua-
tion of all ART drugs for any period of time, after which
treatment was resumed. We considered that any interrup-
tion was undesirable, and thus did not limit our search to
specific causes or durations. We excluded studies reporting
on structured treatment interruptions, defined as physician-
initiated, cyclical interruptions guided by CD4 count or
viral load. We also excluded studies only reporting on
patients experiencing virologic failure. We included both
cross-sectional and cohort studies, but excluded editorials,
case studies, case reports, and reviews.

Search strategy

We searched three electronic databases for primary studies:
Medline, Embase, and Global Health using the compound
search strategy summarized in Table S1 and searched the
bibliographies of retrieved articles for additional studies.
Our search was limited to studies published and conducted
from 1996 (the time when highly active ART became
available) until the end of the search period (March 2011).
We also searched for conference abstracts from all
conferences of the International AIDS Society (April,
1985-July, 2010), and all Conference on Retroviruses and
Opportunitistic Infections (January, 1997-February, 2010)
and the PEPFAR implementers meeting 2007-2009. No
language restriction was applied.
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Study selection and data extraction

Studies were entered into an electronic database (EndNote
X1) to screen potentially eligible studies by title and
abstract according to our pre-defined inclusion and exclu-
sion criteria. Full-length articles of all studies considered
eligible upon initial screening were obtained and reviewed
for eligibility; conference abstracts were screened first by
title, then by full abstract. All reviews were carried out
independently, in duplicate. After agreeing on eligibility,
we abstracted the following information using a stan-
dardized extraction form: definitions of treatment inter-
ruption, frequency and duration of interruption, reasons,
risk factors, consequences of treatment interruption, and
proposed interventions. Whenever required, we attempted
to contact study authors for clarification by email.
Finally, we assessed full articles for determinants of
methodological quality using a pre-defined assessment
framework. The following factors were assessed: definition
and objectivity of treatment interruption provided, appro-
priateness of the statistical analysis. Studies investigating
consequences or treatment failure (e.g. mortality or viral
rebound) were assessed for adjustment for potential
confounding and use of objective outcome measures.

Results
Characteristics of included studies

The study selection process is summarized in Figure 1. Our
initial search yielded 813 potentially relevant publication
and 577 potentially relevant conference abstracts, from
which 47 publications and 23 abstracts were considered
eligible for inclusion. Three studies considered potentially
eligible were excluded because it was unclear whether
patients restarted treatment (i.e. interruption) or not (i.e.
discontinuation); authors were contacted but did not
provide clarification (Berenguer et al. 2004; Braitstein

et al. 2007; Ayuo et al. 2008). Sixteen studies were from
Africa, 14 from North America, two from Australia, one
from South America, two from Eastern Europe, three from
Asia, and 32 from Europe. The majority of studies (63)
reported results of treatment interruptions in adults from
the general population; of the remainder, two studies were
among children, one was among adolescents, one was
among injecting drug users, one was among men who have
sex with men, one was among recurrent prisoners, and one
was among women. We judged the methodological quality
of studies included as full-length articles to be moderate: a
third of studies (15/47) provided a definition and objec-
tivity of treatment interruption; almost all (46/47) used an
appropriate statistical analysis approach, and where
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3 CROI, 573 IAS, 1 PEPFAR potentially
relevant conference abstracts identified

813 potentially relevant citations
identified from electronic databases

Full text of 97 publications reviewed

13 abstracts eligible, but

N published and thus
included as a full length
publication

50 studies excluded:
* 21 no treatment interruption (discontinuation of
therapy, but no resumption)
>° 13 structured treatment interruption
* 4 discontinuation of only 1 or 2 drugs
* 7 case reports and editorials
* 4 patients with virologic failure only
* 1 treatment interruption in primary HIV infection

23 abstracts included in the review l

47 publications included in the review

Figure | Study selection process.

appropriate the majority (23/25) adjusted for confounders
and used an objective outcome measure (29/30).

Definition of treatment interruption and measurement

We found substantial variation and uncertainty in the
definition of treatment interruption applied by the indi-
vidual studies. Twenty-eight did not define the duration of
treatment interruption, while of the 42 studies that did
specify a definition, duration ranged from 24 h to 1 year
(Figure 2). Two cross-sectional studies investigating self-
reported treatment interruptions defined interruption as

28

discontinuation of all drugs for more than 2448 h in
the 4 weeks preceding the survey (Glass et al. 2006;
Marcellin et al. 2008). Two studies investigating short
interruptions defined a maximum duration of treatment
discontinuation of 1 month (Oyugi et al. 2007) and

3 months (Taffe et al. 2002).

The methods used to determine treatment interruptions
varied: self-report (21/70), electronic medication moni-
toring (4/70) data, prospectively collected by clinicians
(7/70), information extracted from clinical records (7/70),
pharmacy prescriptions in combination with clinical
records (3/70), pharmacy prescriptions only (2/70),

Y & & & ®
y . S 5 F S éfﬁfﬁ & &
Figure 2 Definition of treatment interrup- N 1 LA M1 o A & 3
1 T N PP

tion and their frequencies.
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combination of data collected by clinicians and/or self-
report and/or prescriptions (4/70). Twenty-two studies did
not describe the method used to identify treatment inter-
ruptions.

Frequency and duration of treatment interruption

Forty-two studies reported frequencies of treatment
interruptions, either as proportions (35), rates (1), or
proportions and rates (3) of interruption, or as rates or
proportions of discontinuation and resumption (3)

(Table 1). The proportion of treatment interruptions
ranged from 5.8% [adults in Switzerland (Glass et al.
2006)] to 83.1% [recurrent prisoners in the USA (Pai et al.
2009)]; the median proportion of patients interrupting
treatment was 23.1% (IQR 15.0-48.0). Rates of treatment
interruptions ranged from 2.0 per 100 person-years in the
United Kingdom (Bansi et al. 2008), to 6.0 in the Euro-
SIDA study (Holkmann Olsen et al. 2007). Eleven studies
reported on the mean or median duration of treatment
interruptions, with durations ranging from 11.5 days
(Oyugi et al. 2007) to 18 months (Holkmann Olsen et al.
2007) (median 150 days). Treatment interruptions were
frequently reported as recurrent events, with up to three
interruptions per person reported in South Africa (Kranzer
et al. 2010) and Senegal (Uhagaze et al. 2006), five in
Switzerland (Taffe et al. 2002), six in the EuroSIDA study
(Holkmann Olsen et al. 2007), and an average of two in
Uganda (Oyugi et al. 2007).

Reasons for treatment interruption

Twenty-two studies, 18 from developed countries and four
from Africa, investigated reasons for treatment interrup-
tions (Table 2). Toxicity, adverse events, and side effects
were the most frequently reported reasons, with between
6% (Saitoh et al. 2008) and 80% of patients reporting
these reasons (Chen et al. 2002). Other reasons included
pill burden (Moore et al. 2009), intercurrent iliness
(Wolf et al. 2005), patient’s decision (Krentz et al. 2003;
Sommet et al. 2003; Gibb et al. 2004; Pavie et al. 2005;
Saitoh et al. 2008; Moore et al. 2009), treatment

fatigue (Saitoh et al. 2008), social and psychiatric issues
(Uhagaze et al. 2006; Saitoh ez al. 2008), perceived lack of
benefits (Tarwater et al. 2003; Gibb et al. 2004) and
physician’s decision (Wolf et al. 2005) because of drug
interactions, surgery, or other reasons. A study from
Australia found that 38% of patients interrupted treatment
for solely clinical reasons and 29% for solely lifestyle
reasons (Grierson et al. 2004). Costs were the main reason
for treatment interruptions (>60%) in two studies from
Nigeria (Adeyemi & Olaogun 2006; Wenkel et al. 2006).
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Pharmacy stock outs and poor access to drugs were
reported in three of the four studies from developing
countries (Adeyemi & Olaogun 2006; Wenkel et al. 2006;
Pasquet et al. 2010).

Risk factors for treatment interruption

Sixteen studies (12 from developed countries) reported on
risk factors for treatment interruption. The most com-
monly reported risk factors were younger age (Mocroft

et al. 2001; Gandhi et al. 2004; Li et al. 2005; Nacher

et al. 2006; Holkmann Olsen et al. 2007; Moore et al.
2009; Kranzer et al.2010) and injecting drug use (Taffe
et al. 2002; Compostella et al. 2005; Touloumi et al.
2006; Kavasery et al. 2009; Moore et al. 2009) (Table 3).
The effect of gender and CD4 count on treatment
interruption was inconsistent across studies: a high CD4
count (baseline or current) was associated with interrup-
tions in some studies (Taffe et al. 2002; Touloumi et al.
2006; Holkmann Olsen et al. 2007; Moore et al. 2009;
Kranzer et al. 2010) while others reported an association
between low CD4 count and treatment interruptions (Li
et al. 2005; Touloumi et al. 2006; Kavasery et al. 2009).
Socioeconomic variables such as employment, income,
education, and being homeless were also identified as risk
factors for interruption in some studies (Taffe et al. 2002;
Ovyugi et al. 2007; Marcellin et al. 2008; Das-Douglas

et al. 2009; Kavasery et al. 2009). One study reported that
the odds of treatment interruption among homeless and
marginally housed patients was six times higher if their
health care plan included consumer cost-sharing (Das-
Douglas et al. 2009). Finally, a study from Cameroon
reported that pharmacy stock shortages were identified as a
major risk factor for treatment interruption (Marcellin

et al. 2008).

Consequences of treatment interruption

Thirty-eight studies reported on various consequences of
treatment interruption, comprising mortality, opportunis-
tic infections, immunological and virologic changes, the
development of resistance mutations, neurocognitive
impairment, and decreased health-related quality of life.
Consistent with the findings of structured interruption
studies, unstructured treatment interruptions were com-
monly associated with a higher risk of death and oppor-
tunistic infection and a lower probability of increased CD4
cell counts (Hogg et al. 2002; Taffe et al. 2002; Schrooten
et al. 2004; Holkmann Olsen et al. 2007; Pai et al. 2009;
Zhang et al. 2010; Kaufmann et al. 2011). Furthermore,
a high prevalence of neurocognitive impairment (Munoz-
Moreno et al.2010) and lower health-related quality of life

© 2011 Blackwell Publishing Ltd
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non-adherence (14%), performance of resistance testing

take the drugs (26%), the illness (33%), falling asleep
(15%), failure (8%)
Toxicity (43%), patient’s decision (29%)

(15%), depression (17%)
part of the clinician (44%), drug toxicity (15%),

decision or recommendation (20%), intercurrent

illnesses {5%), other reasons (3%)

side effects (6%), others (19%)

initiated (24%)
Fear of side effects (72%), having forgotten to

Financial constraints (61%), ARVs out of stock (14%),
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(Krentz et al. 2003) were reported in individuals inter-
rupting therapy.

All studies investigating CD4 and viral load response
during treatment interruption reported a substantial drop
of CD4 count and increase in viral load compared with
pre-interruption levels (Gonzalez et al. 2003; Sommet
et al. 2003; Tarwater et al. 2003; Gibb ez al. 2004;
Achenbach et al. 2005; Burton et al. 2005; Giard et al.
2005; Pavie et al. 2005; Wolf et al. 2005; Bedimo et al.
2006; Hull et al. 2006; Sanchez et al. 2007; Saitoh et al.
2008; Mussini et al. 2009; Sarmati et al. 2010). The
influence of nadir CD4 counts, CD4 counts, and viral load
levels prior to treatment interruption on CD4 decay was
inconsistent, with some studies reporting an effect (Gonz-
alez et al. 2003; Wolf et al. 2005; Hull et al. 2006; Mussini
et al. 2009) while others reported no effect (Saitoh et al.
2008).

CD4 counts rose after resumption of therapy (Chen et al.
2002; Sommet ez al. 2003; Gibb ez al. 2004; Giard et al.
2005; Wolf et al. 2005; Sanchez et al. 2007; Touloumi
et al. 2008; Mussini et al. 2009). The increase was biphasic
with a steeper slope in the first months after re-initiation of
therapy (Touloumi et al. 2008; Mussini et al. 2009).
However, CD4 recovery was incomplete: in studies
reporting CD4 recovery, the proportion of patients expe-
riencing an increase in CD4 counts to levels before
treatment interruption at 24 months ranged from 28% to
69% (Chen et al. 2002; Giard et al. 2005). One study that
investigated the effect of treatment interruption in a prison
setting found that patients with continuous ART treatment
gained on average 0.67 CD4 cells per months compared
with intermittently treated patients who lost cells at an
average of 0.93 CD4 cells per month (Pai et al. 2009).

The majority of studies reported that patients experi-
enced virologic suppression once treatment was restarted
(Chen et al. 2002; Yozviak et al. 2002; Gibb et al. 2004;
Wolf et al. 2005; Touloumi et al. 2008; Mussini et al.
2009). However, treatment interruptions were associated
with an increased risk of rebound and virologic failure in
developed and developing countries (Murri et al. 2002;
Parienti et al. 2004, 2008; Spacek et al. 2006; Laher et al.
2007; Oyugi et al. 2007; Bansi et al. 2008; Boileau et al.
2008; Kouanfack et al. 2008; Knobel et al. 2009; Datay
et al. 2010; Ekstrand et al. 2010). A study from Spain
differentiated treatment interruptions because of patients’
choice and adherence difficulties or physician’s advice for
toxicity, severe side effects, or intercurrent illness. After
adjusting for drug regimen and adherence level, the risk of
a detectable viral load (>500 copied/ml) or death was 3.62
for the former and 1.36 for the latter, compared with
continuous treatment (Knobel et al. 2009). A study among
adults receiving boosted protease inhibitors (PI) reported
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