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ABSTRACT

BACKGROUND: In many low tuberculosis (TB) incidence countries, TB rates have stagnated. In these countries,
TB disproportionately affects migrant populations due to reactivation of latent TB infection (LTBI) acquired prior to
immigration. Treatment of LTBI can significantly reduce risk of TB. The objective of this thesis is to determine the
performance of common LTBI diagnostic tests in migrant populations and evaluate the cost-effectiveness of LTBI
screening and treatment at various stages of the migration process and in migrants with chronic diseases, such as
chronic kidney disease (CKD), that increase risk of TB.

METHODS: A literature search determined the sensitivity of LTBI diagnostic tests: the tuberculin skin test (TST)
and interferon-gamma release assay (IGRA). A meta-analysis was completed to determine the proportion of
migrants testing positive with TST and IGRA from countries of various TB incidences. Discrete event simulation
models evaluated the cost-effectiveness of LTBI screening and treatment in migrants: immediately post-
immigration, prior to immigration, and at time of late stage CKD diagnosis or dialysis initiation. Incremental cost-
effectiveness ratios (ICERs) were calculated for quality-adjusted life years.

RESULTS: Sensitivities of 88.9% and 78.2% were found for the IGRA and TST, respectively. Fewer migrants test
positive with an IGRA compared with a TST. Immediately after immigration, no LTBI screening was cost-effective
when applied universally to all migrants (ICERs >$138,484), but can reduce the TB burden in migrants >20%.
IGRA screening pre-immigration and rifampin treatment post-arrival can reduce the TB burden by >40% and results
in ICERs <$49,035 compared to no screening in migrants from countries with a TB incidence >30 per 100,000.
Likewise, in migrants from countries with a TB incidence >30 per 100,000, IGRA screening and isoniazid treatment
at time of dialysis initiation was dominant and in migrants >60 years of age at late stage CKD diagnosis resulted in
ICERs <$47,554.

CONCLUSIONS: In order to sustainably reduce the migrant TB burden in low incidence countries, LTBI screening
should be performed with an IGRA. LTBI screening should be targeted to migrants from countries with a TB

incidence >30 per 100,000 pre-immigration or at high-risk of TB post-arrival, such as dialysis patients.



LAY SUMMARY

Tuberculosis (TB) is an airborne infectious disease that most often exists as dormant or latent TB infection (LTBI)
but can progress to active, infectious TB disease. Offering LTBI screening and treatment can reduce the risk
progression. Diagnosis of LTBI can be performed using a tuberculin skin test (TST) or the interferon-gamma release
assay (IGRA), the latter being better at identifying LTBI in certain groups. This thesis describes an evaluation of
methods to screen and treat LTBI in migrant populations, where, in countries like Canada, migrants are
disproportionately affected. Through these analyses | have identified that offering IGRA screening and subsequent
treatment to migrants from countries with a high TB burden prior to immigration or to those who are at high-risk of
progressing to active disease post-arrival is cost-effective. These results can help shape healthcare policy to reduce

the TB burden in migrants moving forward.



PREFACE

This thesis was conducted at the University of British Columbia (UBC) with support from clinicians and
researchers at the British Columbia Centre for Disease Control. The UBC Behavioral Research Ethics Board under
application numbers H12-02807, H14-00914, H16-00265, and H13-03216, approved all research. | would like to
acknowledge the contributions of these collaborators here.

Chapter 2 has been published and peer-reviewed in the journal Molecular Diagnosis and Therapy in the
year 2015 (Campbell JR, Krot J, Elwood K, Cook V, Marra F. A systematic review on TST and IGRA tests used for
diagnosis of LTBI in immigrants. Mol Diagn Ther 2015;19(1):9-24). This chapter is entirely based on this
publication, with changes for continuity and coherence in the thesis. For this chapter, | was involved in
conceptualization and interpretation of the data, | performed the literature search and extraction, completed the
analysis, wrote the initial drafts, and completed the final submitted work. Jane Krot performed the literature search
and extraction with me in tandem to ensure accuracy. Victoria Cook and Kevin Elwood provided expert opinion
throughout and were involved in the editing and review process. Fawziah Marra (Lalji) was involved in
conceptualization and results interpretation, and was the main author responsible for editing and reviewing.

Chapter 3 has been published and peer-reviewed in the journal Molecular Diagnosis and Therapy in the
year 2015 (Campbell JR, Chen W, Johnston J, Cook V, Elwood K, Krot J, Marra F. Latent tuberculosis infection
screening in immigrants to low-incidence countries: a meta-analysis. Mol Diagn Ther 2015;19(2):107-17). This
chapter is entirely based on this publication, with changes for continuity and coherence in the thesis. For this
chapter, I was involved in conceptualization and interpretation of the data, | performed the literature search and
extraction, performed data analysis, wrote the initial drafts, and completed the final submitted work. Wenjia Chen
provided expert statistical opinion throughout and created Figures 3-3 and 3-4. James Johnston, Victoria Cook, and
Kevin Elwood were involved in conceptualization and topic direction, provided expert opinion throughout, and were
involved in the editing process. Jane Krot performed the literature search and extraction with me in tandem to ensure
accuracy. Fawziah Marra (Lalji) was involved in conceptualization, topic direction, results interpretation, and was
the main author responsible for editing and reviewing.

Chapter 4 has been published (Campbell JR, Johnston JC, Sadatsafavi M, Cook VJ, Elwood RK, Marra F.

Cost-Effectiveness of Post-Landing Latent Tuberculosis Infection Control Strategies in New Migrants to Canada.



PL0oS ONE 2017;12(10):e0186778). This chapter is entirely based on this manuscript, with changes for continuity
and coherence in the thesis. For this chapter, | was involved in conceptualization and data interpretation, | performed
the literature search to source model parameters, | developed the model and its scenarios, performed the data
analysis, wrote the initial drafts, and completed the final submitted work. James Johnston was involved in
conceptualization, provided expert opinion on the model and its parameters, and was involved in the editing and
review process. Mohsen Sadatsafavi provided expert modeling opinion and provided insight into figure
development; he was involved in the editing and review process. Victoria Cook and Kevin Elwood provided expert
opinion on parameter selection and were involved in the editing and review process. Fawziah Marra (Lalji) was
involved in conceptualization, provided input into scenarios analyzed, aided in data interpretation, and was the main
author involved in the editing and review process. | would like to acknowledge the staff at the British Columbia
Centre for Disease Control for providing data on latent tuberculosis infection costs (personal communication) and
Anik Patel for his advice during model development.

Chapter 5 is under peer-review (Campbell JR, Johnston JC, Cook VJ, Sadatsafavi M, Elwood RK, Marra F.
Pre-Immigration Latent Tuberculosis Infection Screening Strategies in New Migrants to Low-Incidence Countries:
A Cost-Effectiveness Analysis). This chapter is entirely based on this manuscript with changes for continuity and
coherence in the thesis. For this chapter, | was involved in conceptualization and data interpretation, performed the
literature search to source model parameters, | developed the model and its scenarios, performed the data analysis,
wrote the initial drafts, and completed the final submitted work. James Johnston and Victoria Cook provided input
on scenarios and were involved in conceptualization; they provided expert opinion and were involved in the editing
and review process. Mohsen Sadatsafavi provided expert modeling opinion and was involved in the review and
editing process. Kevin Elwood provided expert opinion and was involved in the review and editing process. Fawziah
Marra (Lalji) was involved in conceptualization, provided input into the scenarios analyzed, aided in data
interpretation and presentation, and was the main author involved in the editing and review process. | would like to
acknowledge the staff at the British Columbia Centre for Disease Control for providing data on latent tuberculosis
infection costs (personal communication).

Chapter 6 is based on manuscript(s) currently under preparation for submission; changes have been made
for continuity and coherence in this thesis. Data for this chapter was provided by Immigration, Refugees, and

Citizenship Canada, Population Data BC, and the Patient Records and Outcome Management Information System



(Project Reference 14-106). For this chapter | was involved in the conceptualization of the study, was responsible
for epidemiological analysis of data, constructing a discrete event simulation model, performing data analysis of
results, constructing figures, writing the initial drafts, and completing the final submitted work. James Johnston was
involved in the conceptualization and scope of the research, provided expert opinion on tuberculosis and chronic
kidney disease, aided in data interpretation, and participated in the manuscript editing process. Victoria Cook
provided expert tuberculosis opinion, aided in data interpretation, provided discussion points, and participated in the
manuscript editing process. Lisa Ronald was responsible for cleaning the data used for epidemiological analysis,
providing expert tuberculosis and epidemiologic opinion, and participated in the manuscript editing process. Mohsen
Sadatsafavi provided expert cost-effectiveness and epidemiologic opinion and participated in the manuscript editing
process. Robert Balshaw provided expert methodological input and participated in the manuscript editing process.
Kamila Romanowski provided expert chronic kidney disease and tuberculosis opinion, provided intellectual content,
and participated in the manuscript editing process. Adeera Levin was involved in study conceptualization and
facilitated renal data acquisition. Fawziah Marra (Lalji) was involved in conceptualization, provided input into the
analyses performed, participated in data interpretation, provided discussion points, and was the main author involved
in the editing process. | would like to acknowledge the staff at the British Columbia Centre for Disease Control for
providing data on latent tuberculosis infection costs (personal communication), the British Columbia Renal Agency
for supplying data from the Patient Records and Outcome Management Information System, and Wenjia Chen for
her advice during survival analysis.

The data stewards of Population Data BC facilitated a data linkage used to inform portions of this thesis.
All inferences, opinions, and conclusions drawn in this thesis are my own, and do not reflect the opinions or policies

of the Data Steward(s).

Vi



TABLE OF CONTENTS

A B S T R A C T et e e e et e e e e e bt e e e eab e e e e e e bt e e e e e abre e e e e aabareeeabareeeaanraeeas I
LAY SUMMARY ottt bb e e e bb e e s bb e e e bb e e s beeennbeee s iii
PREFACE. ... .ot e e e e ettt e e e e e bt e e e e e e b e e e e e e bbe e e e e asteaeeesbaaeeeeannaeeas \Y
TABLE OF CONTENTS Lottt nine e vii
LIST OF TABLES ... ..ot e et e e s et e e e e et ae e e e eeat e e e e e e nreea s X
LIST OF FIGURES ...ttt ettt e st e e s be e e nnbee s Xi
LIST OF ABBREVIATIONS ... oottt eaae e s Xii
GO S S A RY Lttt e e r e e nnes Xiv
ACKNOWLEDGMENTS ... ettt e e et e e e e s b e e e s e are e e e e enees XVi
DEDICATION. .ttt ettt ettt e e e st e e anb e e e nnb e e e nnb e e e nbreennnes XVii
CHAPTER 1. INTRODUCTION ... .ottt ebae e st e e are e e e enres 1
1.1 RESEAICH STALEIMENT ......iiiiiieie ettt et n et et b e e ens 1
1.2 TUDEICUIOSIS TNFECHION ... .ot ettt e 2
1.3 Tuberculosis EPIdemMIOIOgY .........ccuuiiiiiiiieieeieis e 6
IR TB R VAT L5 (o @Y =T VT SRR 6
IR T O T - Vo [T T T @Y =T V1 USSR 7
1.3.2.1 Tuberculosis Epidemiology and Prevention in the FOreign-Born ..........ccccooeiiiiiiniiinenesee e 8
1.4 Latent Tuberculosis Infection Cascade 0f Care.........cccovviereieiiniiiiiese s 10
1.5 Risk Factors for Reactivation TUDEICUIOSIS .........cccivviierieieieisiscsie s 13
1.6 ECONOMIC EVAIUBLION......ccuiiiiieiieeieie st sttt et e sae st e aesreenaentesneeneenee e 15
1.6.1 Economic Evaluation of LTBI SCrEENING ......cccierieiiiereiie it 19
IO I [ I (T o =TT | =T OSSPSR 19
1.6.1.2 In Populations with High-RiSK CO-MOIDIAILIES. .........cciiiiiiiiiiiii e 23
1.7 ReSEAICH RALIONAIE ........oeiiiiiieie ettt sttt et ste et e besreeseentesneeseenee e 27
I T 1= o] LSO 29
LD FHQUIES ettt ettt et et et e st e e beesee s beebe e s besbeeRe e besAe et e e beeRbesbeeteenbeareeReebeeaeenrenre e 30

CHAPTER 2. LATENT TUBERCULOSIS INFECTION DIAGNOSTIC TESTS IN THE
FOREIGN-BORN: A SYSTEMATIC REVIEW.........cooiii e 37
2.1 BACKGIOUN ... .otttk b bbb bbbttt ettt e 37
F A\ 1= 4 o o 3SR 38
2.2.1 Literature Search Strategy and StUdy SEIECTION ...........cviiiiiiiii e 38
W A B ;U 1 Yo 1 o] SR 39
B I (10 VO TN SRS 39
2.2.4 DA ANAIYSIS ...ttt ettt bbb E bRt E £ R e R e e e R be b b e b e e Re e e ae b e 39
2.3 RESUILS. ...ttt e b e st e e et e e tb e et e e be e sbe e she e sheeeabe s be e be e beeebeeetaeahreeabeebeeeree e 40
2.3.1 Studies Evaluating Clinical Outcomes of LTBI in IMmigrantS.........ccooevereiiineninienenseneiese e 40

2.3.2 Studies Evaluating the Prevalence of LTBI Screening Test Positivity in Immigrants: Adults Versus

L8 3] T T oS 42
2.3.3 Studies Evaluating Prevalence of LTBI Screening Test Positivity in Immigrants: Country of Origin .....42
2.3.4 Studies Evaluating Prevalence of LTBI Screening Test Positivity in Immigrants: TST Versus IGRA ....44
2.3.5 Predictors of LTBI Screening TeSt POSIIVITY ......cooiiiiiiiiiiiieseseese et 44
P 1 o] 111 o] o OSSR 45
2.5 CONCIUSIONS. ...ttt ettt b e et et e e et e et e e sbe e sbeesbeesheesabesabeeabeebeesbeesbaesteesnseenteebeesns 48
PG T = o] LSS 49

vii



B A T U USSR 58
CHAPTER 3. LATENT TUBERCULOSIS INFECTION SCREENING IN IMMIGRANTS

TO LOW-INCIDENCE COUNTRIES: A META-ANALYSIS ..., 59
3L BACKGIOUN ...ttt bbb ettt bt n e 59
KA 1Y/ =1 1 1o Lo [ 60

3.2.1 Literature Search Strategy and StUdY SEIECTION ...........coiiiriiiiiiicei e 60
A B L v 41 ¢ (o1 £ (0] [ URTROPRRUP
3.2.3 SEUAY QUAITEY ...ttt b et b bbbt b e bbbt b e b bt r e bt nr e
3.2.4 DA ANAIYSIS ...ttt bbb b E R E bt h R R e bRt b e bt b e e e bt nr e
3.2.4.1 Primary Analysis...............
3.2.4.2 Secondary Analysis
IR = G101 L £
TR 0 Y (1o [ T=To [ L=t 0 U T SO
KT B o T UV (=TT U] SR
3.3.2.1 Concurrent Testing: Positive Test Prevalence, Concordance, and Discordance in the TST and IGRA .............. 63
3.3.2.2 Test Positivity by TB Incidence in Country 0f OFigin...........cooiieiriiiiiineee e 63
3.3.3 SECONUANY RESUILS ...ttt st e st e et e et e e n e sas e be e be e teeseessaesreenreeneeenneenes 64
3.3.3.1 Recommendation Of LTBI TIEALMENT .......c..cveiviiiiiieitieite ettt ste ettt sre st ebe e stesreeebessaesaesreesbesnbesreereesbeanees 64
3.3.3.2 PrediCtors fOr @ POSITIVE TST .....iiiiiiie ettt ettt et stt e st e s ettt e sta e st e e st eeeteesabeabesereeesbteaabessreeesreesnbeenres 64
3.3.3.3 Predictors fOr @ POSITIVE IGRA ... ...ooii ettt ettt et st e et e e et e e ste e s et e e be s e raeesatesabeesbaeesaeesabeeares 65
I Yo U 1S1) (0] T 65
GRS Y O] a1o1 11 FY o] £ T 68
BuB FIQUIES ...tk b b e R R R R bRttt R et E e n bt 69

CHAPTER 4. COST-EFFECTIVENESS OF POST-LANDING LATENT
TUBERCULOSIS INFECTION CONTROL STRATEGIES IN NEW MIGRANTS TO

CANADA e et e e ra e nes 78
4.1 BACKGIOUNG ...ttt bbbtttk bbbttt e bt bt bt bt neenen e 78
L\, 1= 1 T To LSRR 79

4.2.1 STUAY POPUIBLION ...ttt bbb bbb bbbttt bbbttt b nn s 79
4.2.2 Discrete Event Simulation IMOGEI .........cc.oiiiiiieeieecs ettt nee e 80
O 1V, [T L= B O 4 - T (o (=] 1) TSSOSO 81

4. 2.4 INTEIVENTIONS. ..ottt ittt bbbt bt b e s bt bt b e eh e s e e b e bt e bt eb e e bt e b e e bt et e besbeebesbeebe e e et e nbenbe s 81
4.2.5 COSt-EffECtIVENESS ANGIYSES ... ..eivieitieiecii e st e e e st s b et te e be e besraesteesteesteenteenbeenseensesseesreens 82
4.2.5.1 Improving the Post-Landing SUrveillance SYSLEIM ..........cooiiiiiiiiiieriee e 82
4.2.5.2 Implementation of Mass Post-Landing LTBI SCreENING .......cccccuriiiiirireiiieesie et 83

4.2.6 SENSTLIVILY ANAIYSIS. ...ttt bbb bbb bbbt b bbbt bbbttt n s 83
A3 RESUITS ..ottt R Rt R R Rt et et R e Re Rt benr e teneennenenean 84
4.3.1 Improving the Post-Landing SUrveillanCe SYStEM .........cvoiiiiiiiiiecee e 84
4.3.2 Implementation of Mass Post-Landing LTBI SCre€ning........c.ccccvvveiieiieiieiecie e se e esve e siee e 84
4.3.3 SENSTLIVILY ANAIYSIS. ...ttt b bbbt b bbbt b bbb bbbt 84
O I 1T 11 (o] o OSSOSO 85
4.5 CONCIUSIONS. ... ettt ettt e st e st st be st et e se et e st e s e eseeseebeseeeteneeeeneeneas 88
4.8 TADIES.....oi et b e be e be e b e be e be e sbeeabeesheesabesbeebeeabeeateeareeas 89
A T T TSR 99

CHAPTER 5. PRE-IMMIGRATION LATENT TUBERCULOSIS INFECTION
SCREENING STRATEGIES IN NEW MIGRANTS TO LOW-INCIDENCE

COUNTRIES: A COST-EFFECTIVENESS ANALYSIS ..., 106
5.1 BACKGIOUN ...ttt bbbt b bbbttt bbbt 106
I \V, =] 1 o To Lo LSRR 107

I AV, oo (=T I @ L= oY/ 1= 107
I \V, o To [ W o 1=V 11 T TSP PRROTP 109
5.2.3 SENSILIVILY ANAIYSIS. ...ttt bbbttt bbbt bt et e e e besb e b e sbe bt e b e e e e e et 110



LRI (=TT 1L £ TSR 110

oI IN @ =T 11 I o (=TT £ 110
5.3.1.1 LOW INCIABNCE COUNLIIES ..ottt sttt ettt b et e b et b et se bbb ekt b et st e bbb ek n e sb et e nn b e 111
5.3.1.2 MOderate INCIAENCE COUNITIES. .......evitereiieiirieiereete ettt ettt b et e bbbt b bt st eb et ebe sttt sbe s e neene e 111
5.3.1.3 High INCIAENCE COUNTIIES ... .iueeiiieieteite ittt ettt ettt st e b e e et s e e st e besbeebeseem e e s e e st et e ebesbesee b e e eneareaneas 111
5.3.1.4 Very High INCIAENCE COUNTIIES .......cuiiuiitirieieiei ettt sttt st ettt e e et tesbeebe e e et eneebeebesbeseenbeseensaneaneas 111

5.3.2 Probabilistic SENSItIVItY ANAIYSIS.........coviiiiiiiieiie e 111
5.3.2.1 LOW INCIAENCE COUNLIIES ....uviitieiieieiiecite st etee ettt ettt st et e s te e b e s beese e beentesbeeseesbeentesaeeseesteentesbeeseesreennenreeses 111
5.3.2.2 Moderate INCIABNCE COUNTIIES.......cuiiviiieitieeesteeeeste e e ste et este e e e te st e s te e e e teeseesbeesaesteesbesaeeseesteenbesseeaesteesenreeses 112
5.3.2.3 High INCIAENCE COUNTTIES.......cuveviitieiiiteite ettt sttt ettt sttt se e et e e be e te st e st e b e b e s e esseteabesbesre b e e enseteanen 112
5.3.2.4 Very High INCIAENCE COUNTIIES .......ciiviiiiiiiieiit ettt sttt ettt sa et ae e te st et e s et e e esseteebesbesresbeseenseseanens 112

5.3.3 EXPlOratory SenSitiVIty ANAIYSIS.......ccciiiiiiiiieiieieeiese e se sttt e sttt e besresra et e e nrenns 112

R B T E o U 1S3] (o] SRR 113
SRR O] aTod 1153 o] o 1SS 116
ST = o] LSS 118
BT FIQUIES ..o 136

CHAPTER 6. SCREENING MIGRANTS WITH CHRONIC KIDNEY DISEASE FOR
LATENT TUBERCULOSIS INFECTION: A COST-EFFECTIVENESS ANALYSIS ... 146

LT S 7= Tod (o 01U o SRS S 146
I\ 1= 4 o o 3RS 147
T R B L BT U ol TP PR PR PRPPRRTO 147
6.2.2 Controlling for Tuberculosis Incidence in Country Of OFigin .......ccccceiiiiiieii e 149
6.2.3 SUINVIVAL ANAIYSIS ....vieieeiiee ettt s ettt et e e s re e s te e sbeeteenteeneeessesseesteesbeenteasaenneenneas 149
6.2.4 COSt-EFfeCtiVENESS MOTEN ..o bbbt e 150
B.2.4.1 OVEIVIEW ...tttk b bbb 0 E b bbb bbb et b bttt b b 150
B.2.4.2 PATAIMETEIS ...ttt R E Rt 152

6.2.5 SENSILIVIEY ANAIYSIS. .. cvieiiiiiiieie sttt e e s e st e e s teesbe e teenteeseeassesteesteebeentearaenneennean 153
LTRGBS 1] (SR 153
6.3.1 LTBI Screening at Dialysis INIALION .......c.coiiiiiiiiieee e 153
6.3.2 LTBI Screening at Late Stage CKD DIAgN0SIS ....c.ccuerveirerieiienieesie ettt 154
6.3.3 Probabilistic SENSItIVILY ANAIYSIS. ..ot bbb 154
6.3.3.1 DIAlYSIS INTLIALION ...ttt bbbkt b bttt bbb e 154
6.3.3.2 Late Stage CKD DIAJNOSIS .....c.erviviietiiiieiiitetestet ettt ettt b ettt b et b et b et e et an e nn e 155

6.3.4 EXPlOratory SENSItIVILY ANAIYSES ......coveiiiiieiite ittt et b e bbb 155
5.4 DISCUSSTON ...ttt ettt ettt see st e et e s e be e st et e s e et e e et e st e s e e s e e seebene e be e e sees e ene e b e ebenbeneenbe e et enes 156
LIRS O] 1ol 1173 o] o 1SS 159
LTI = o LSS 160
LT A T[] TSSOSO 174
CHAPTER 7. DISCUSSION AND CONCLUSIONS ......c.oooiiiiiieiiec e 194
7.1 Overall SUMMArY OF FINAINGS ....couoiiiiiiieii s 194
7.2 Implications and IMPACT ...........ccoviiiiiiieic e st sreeteesbesreeeesre e 196
7.3 Strengths and LimiITATIONS. .........viiiiieieieieee e 198
7.4 Knowledge Translation and Implementation ... 200
ARSI VLT = B =Tt o] oSS 201
ARG I LT I O] o] [U 1] o] LSS 203
e N [ TR 205



LIST OF TABLES

TABLE 1-1. SELECT RISK FACTORS FOR REACTIVATION TUBERCULOSIS.. .29
TABLE 2-1. CHARACTERISTICS OF THE INCLUDED STUDIES ...veeitvteiteeitteeiteessteesseeiteesseseisessssessesssseessssssesssesssssssssesnsessssssssesssesssesansens 49
TABLE 2-2. DIAGNOSTIC DATA FROM THE TST AND IGRA STUDIES WITH OUTCOMES DATA ...veiitvieiieeireeiteesveesareesseessseessessnsesssesanees 54
TABLE 2-3. DIAGNOSTIC DATA FROM THE TST AND IGRA STUDIES WITH AGE-SPECIFIC DATA ......... .55
TABLE 2-4. DIAGNOSTIC DATA FROM THE TST AND IGRA STUDIES WITH INCIDENCE-SPECIFIC DATA ...veiitveiveeiureireesteeeiveesnreesreeennes 56

TABLE 2-5. DIAGNOSTIC DATA AND CONCORDANCE OF THE STUDIES THAT USED BOTH THE TSTAND IGRA ..o, 57
TABLE 4-1. OPTIMIZATION TARGETS USED IN THE COST-EFFECTIVENESS MODEL. .
TABLE 4-2. FINAL RESULTS OF THE OPTIMIZATION ....uttteittteieutteeeitteeesiteeeaatsseeaassesssseseaassseesassessssassaasssesssssssssasssesasssssesseeesasesessssesens
TABLE 4-3. MODEL PARAMETERS AND ANALYSES RANGE ......uviiiiiuieeeiteeeiittteesitteeesateseaatsseesastesssteseaasssesssssesssasesesassesssssesesasesessssasens
TABLE 4-4. INTERVENTIONS EVALUATED.......0tiiiititieiteeeiittteeeitteeesteeesatseeesastessaseseaassesessbesesatesesasssesssssesesasesesanes .
TABLE 4-5. DISCOUNTED RESULTS OF BASE CASE ANALYSIS OF THE POPULATION UNDER MEDICAL SURVEILLANCE .....cecvvveiveeiveeannen,
TABLE 4-6. RESULTS OF LTBI CASCADE OF CARE IMPROVEMENTS IN THE POPULATION UNDER MEDICAL SURVEILLANCE .........cce.ne...
TABLE 4-7. RESULTS OF EXPANDING POST-LANDING LTBI SCREENING BASED ON TB INCIDENCE IN COUNTRY OF ORIGIN .. .
TABLE 5-1. INTERVENTIONS EXPLORED ....ciuttteiiutteeeitteeeiiteseaasusessasseseassseaasssessassesssasssesssssesssssesesasssesasssessisesesnsssssssssessissesssnssssenssnes

TABLE 5-2. MODEL PARAMETERS AND VALUES FOR SENSITIVITY ANALYSES.....cttteitttteeiitieeeiteeeiireeesaisressisesesstessssissesssssesessssssnssees

TABLE 5-3. RESULTS OF IMPLEMENTING PRE-IMMIGRATION LTBI SCREENING AS PART OF ROUTINE MEDICAL EXAMINATIONS .........
TABLE 5-4. AVERAGE PSA RESULTS OF IMPLEMENTING PRE-IMMIGRATION LTBI SCREENING ......cvccoiiviiiiiiiee ittt
TABLE 5-5. RESULTS OF EXPLORATORY SENSITIVITY ANALYSES IN MIGRANTS FROM LOW TB INCIDENCE COUNTRIES ......cccovvveeennee.
TABLE 5-6. RESULTS OF EXPLORATORY SENSITIVITY ANALYSES IN MIGRANTS FROM MODERATE TB INCIDENCE COUNTRIES .
TABLE 5-7. RESULTS OF EXPLORATORY SENSITIVITY ANALYSES IN MIGRANTS FROM HIGH TB INCIDENCE COUNTRIES..........ccvveennee.
TABLE 5-8. RESULTS OF EXPLORATORY SENSITIVITY ANALYSES IN MIGRANTS FROM VERY HIGH TB INCIDENCE COUNTRIES.............
TABLE 6-1. BILLING CODES TO IDENTIFY INDIVIDUALS WITH LATE STAGE CKD AND DIALYSIS NOT INDEXED INPROMIS................
TABLE 6-2. CHARACTERISTICS OF DATASET USED FOR CALIBRATION .. ...cciiiuiieiitteeeiiteeesitreesisteeesiresesassessssseessassesessssesssssesesssssssnssees
TABLE 6-3. TIME-TO-EVENT PARAMETERS .....eeiiitttttittteeiitteeaotreesistesesatssesaissessassessaisssesasssessisesssasssesasssessissesssntesssasssesssssesssnsesesnssees
TABLE 6-4. MODEL FIT COMPARISON OF OUTCOMES OF INTEREST ..veieitvteiitteeeitteeeiiteeesisressisteeesasssesasssesssssesssasesssasssessssesssasesesasees
TABLE 6-5. CHARACTERISTICS OF INCLUDED SUBGROUPS ......uuvteiittteeiteeeiiitteeeisteeesatesssessessisbesesasssesassessisssssssesssasssesssssesesssssssnssees
TABLE 6-6. MODEL PARAMETERS AND VALUES USED FOR SENSITIVITY ANALYSIS . .civiiiteiiteeereeitreeoreesteeesseesreesseessesssessosesssesssessns
TABLE 6-7. RESULTS OF LTBI SCREENING AT DIALYSIS INITIATION ... 0eiitteitteiiteeitreeiteessreesseseseesssessessssesssessssesssssessesssesnsessseessenans
TABLE 6-8. RESULTS OF LTBI SCREENING AT LATE STAGE CKD DIAGNOSIS ....vviitiieitieiteeiteeereestteseteesteessreessveesteessessssesssessssessseesns
TABLE 6-9. AVERAGE RESULTS OF PSA OF LTBI SCREENING AT DIALYSIS INITIATION ...veiiteievieirieeireeiteeesseesreesseessessssesressseesssessns
TABLE 6-10. AVERAGE RESULTS OF PSA OF LTBI SCREENING AT LATE STAGE CKD DIAGNOSIS ....ccoovieeiiiiieeitieeeevee e sveeesetvee e
TABLE 6-11. RESULTS OF EXPLORATORY SENSITIVITY ANALYSIS OF LTBI SCREENING AT DIALYSIS INITIATION ...ccovvveeeirieecrree e,
TABLE 6-12. RESULTS OF EXPLORATORY SENSITIVITY ANALYSIS OF LTBI SCREENING AT LATE STAGE CKD DIAGNOSIS..................




LIST OF FIGURES

FIGURE 1-1. TYPICAL MIGRATION PATHWAY FOR NEW PERMANENT RESIDENTS TO CANADA .
FIGURE 1-2. TYPICAL PATHOGENESIS OF TUBERCULOSIS INFECTION ....uvtiitveeitteireesteeeseessreesseesssesssesnsesssssessessnsesssssessessssesssessssesssessns
FIGURE 1-3. ESTIMATED INCIDENCE OF TUBERCULOSIS BY COUNTRY IN 2016......ccciuiiiiiiiiieitie e ittt stee et sveesteesneesnreeveesnneesrne e
FIGURE 1-4. THE LATENT TUBERCULOSIS INFECTION CASCADE OF CARE .. .
FIGURE 1-5. AN EXAMPLE OF A COST-EFFECTIVENESS PLANE ......eeiittiteiittteeetreeeiuteeestsseeaissesssstesesntssssssssesssssesesnsssssssssesssssesssnssssssssnes
FIGURE 1-6. AN EXAMPLE COST-EFFECTIVENESS ACCEPTABILITY CURVE.....cuutiiitiieiittteeeitteeeiteeeseteeesasseesssbeeesatseeessssesssnseeesassessssnes
FIGURE 1-7. AN EXAMPLE EFFICIENCY FRONTIER............. .
FIGURE 2-1. FLOW DIAGRAM OF THE LITERATURE SEARCH .....ccuttiiitiieiitteeeeitteeesteeesateeeeaiasesesabesesatsseaassesssabeeestsseeassessasseeesasseseasnes
FIGURE 3-1. FLOW DIAGRAM OF STUDIES INCLUDED IN THE META-=ANALYSIS ...ccititeiittteeeitteeeiiteeeseteeeeeiureesssteeesatssesssseessnseeessssssssnnes
FIGURE 3-2. FOREST PLOT OF THE ODDS OF A POSITIVE TEST RESULT BETWEEN THE TST AND IGRA ... .
FIGURE 3-3. TST BUBBLE PLOT FOR TEST POSITIVITY BY TB INCIDENCE IN COUNTRY OF ORIGIN ......cciveiiireeieeireesteesseesnreenseesneesseesns
FIGURE 3-4. IGRA BUBBLE PLOT FOR TEST POSITIVITY BY TB INCIDENCE IN COUNTRY OF ORIGIN w...cvviiuiieieeireeiteesreesireeeseesneessneens
FIGURE 3-5. FOREST PLOT OF ASSOCIATION BETWEEN TST POSITIVITY AND AGE >35 YEARS OLD ... .
FIGURE 3-6. FOREST PLOT OF ASSOCIATION BETWEEN TST POSITIVITY AND GENDER ......cvtiitiiiteeitteiteeiteeeiteesreessessseesssesresseeesseesns

FIGURE 3-7. FOREST PLOT OF ASSOCIATION BETWEEN TST POSITIVITY AND SOURCE COUNTRY TB INCIDENCE .......cccvveevvieeeirreeennee, 75
FIGURE 3-8. FOREST PLOT OF ASSOCIATION BETWEEN TST POSITIVITY AND BCG VACCINATION .
FIGURE 3-9. FOREST PLOT OF ASSOCIATION BETWEEN |GRA POSITIVITY AND GENDER ......vvtiiitieeiitreeeeireeeinreeeseteeesesreesssveeesreeessnnns
FIGURE 4-1. MODEL STRUCTURE AND POSSIBLE TRANSITION EVENTS ....utviiiiitieeiitteeeiiteeeeeinreeessreeesateeesessesssssesesssssssssssesssssesessssssssssnes

FIGURE 4-2. RESULTS OF THE UNIVARIATE SENSITIVITY ANALYSIS USING QALY'S AS EFFECTIVENESS MEASURE ... ..101
FIGURE 4-3. EFFICIENCY FRONTIER FOR THE MIGRANTS UNDER POST-LANDING SURVEILLANCE ......ccovveiireeireeitiesreeireeesseesveesseeannees 102
FIGURE 4-4. COST-EFFECTIVENESS ACCEPTABILITY CURVE FOR MIGRANTS UNDER POST-LANDING SURVEILLANCE .......cccvceveenreeannen, 103
FIGURE 4-5. EFFICIENCY FRONTIER FOR THE COMPLETE COHORT OF MIGRANTS ....utiiiiiiieeiitieeeiteeesitseeeeitreeesateeesstneesasssesssssnessssssasanns 104
FIGURE 4-6. COST-EFFECTIVENESS ACCEPTABILITY CURVE FOR THE COMPLETE COHORT OF MIGRANTS ....cciiiviieiitiieeeitieeeireeeserreeeenns 105
FIGURE 5-1. IMODEL STRUCTURE ......u0eiiittteiittteeiitteesabeeeaatseeesistesssabesesatssesaisseseaabeseaasssssassesesabesesassseeasbsesesabesesasaseeassesesbesesasseeeanes 136
FIGURE 5-2. META-ANALYSIS OF ADHERENCE WITH A REQUEST FOR POST-ARRIVAL FOLLOW-=UP ......eccoiuviieireeeiirreeeeiireeesreeesesneeennns 137
FIGURE 5-3. COST-EFFECTIVENESS ACCEPTABILITY CURVE IN MIGRANTS FROM LOW TB INCIDENCE COUNTRIES ......ccvveeiveeeeirreeenns 138
FIGURE 5-4. EFFICIENCY FRONTIER FOR MIGRANTS FROM LOW TB INCIDENCE COUNTRIES.....ccvtteiitireeeitieeesreeesstneeesisreeessneessssnsennns 139
FIGURE 5-5. COST-EFFECTIVENESS ACCEPTABILITY CURVE IN MIGRANTS FROM MODERATE TB INCIDENCE COUNTRIES ......0ccevvennne.. 140
FIGURE 5-6. EFFICIENCY FRONTIER FOR MIGRANTS FROM MODERATE TB INCIDENCE COUNTRIES......ccvecitiiiveeitieireeireeeireesreesreesnnes 141
FIGURE 5-7. COST-EFFECTIVENESS ACCEPTABILITY CURVE IN MIGRANTS FROM HIGH TB INCIDENCE COUNTRIES ....ccvveeiveeinreereeannenn 142
FIGURE 5-8. EFFICIENCY FRONTIER FOR MIGRANTS FROM HIGH TB INCIDENCE COUNTRIES ....ccvvieiitieeeeitreeeireeeserreeesisreeesseeesesseeennns 143
FIGURE 5-9. COST-EFFECTIVENESS ACCEPTABILITY CURVE IN MIGRANTS FROM VERY HIGH TB INCIDENCE COUNTRIES .......cccevvveennn. 144
FIGURE 5-10. EFFICIENCY FRONTIER FOR MIGRANTS FROM VERY HIGH TB INCIDENCE COUNTRIES ....eccoiuviieirieeiitreeeeitreeesreeeseseeeennns 145
FIGURE 6-1. PROPORTION OF INDIVIDUALS WITH LATE STAGE CKD IN EACH HEALTH STATE ....uvvieiitiieeeitieeeireeesetteeesiareeesteeesesneee e 174
FIGURE 6-2. PROPORTION OF INDIVIDUALS INITIATING DIALYSIS IN EACH HEALTH STATE ....uiiiiitiieiiiieeeeitieeesreeesstneeesssreeessnessssssseanns 175
FIGURE 6-3. MODEL STRUCTURE AND HEALTH STATE TRANSITIONS. ....ciitttttittteeiteteiitreeeeiureeessesesassseesssseesssesessisssesssesesssesesssssssans 176
FIGURE 6-4. COST-EFFECTIVENESS ACCEPTABILITY CURVES FOR MIGRANTS <60 YEARS OF AGE AT DIALYSIS INITIATION .......cc.cc.... 178
FIGURE 6-5. COST-EFFECTIVENESS ACCEPTABILITY CURVES FOR MIGRANTS >60 YEARS OF AGE AT DIALYSIS INITIATION ......cccvveenne. 182

FIGURE 6-6. COST-EFFECTIVENESS ACCEPTABILITY CURVES FOR MIGRANTS <60 YEARS OF AGE AT LATE STAGE CKD DIAGNOSIS.... 186
FIGURE 6-7. COST-EFFECTIVENESS ACCEPTABILITY CURVES FOR MIGRANTS >60 YEARS OF AGE AT LATE STAGE CKD DIAGNOSIS.... 190

Xi



LIST OF ABBREVIATIONS

Abbreviation Definition

AIDS Acquired Immune-Deficiency Syndrome
BC British Columbia

BCCDC British Columbia Centre for Disease Control
BCG Bacillus Calmette-Guérin

CAD Canadian Dollar

CADTH Canadian Agency for Drug Technologies and Health
CEAC Cost-Effectiveness Acceptability Curve

Cl Confidence Interval

CKD Chronic Kidney Disease

CXR Chest X-Ray

DALY Disability-Adjusted Life Year

DDI Drug-Drug Interaction

DES Discrete Event Simulation

DM Diabetes Mellitus

DOT Directly Observed Treatment

DOTS Directly Observed Therapy Short-Course
eGFR Estimated Glomerular Filtration Rate
ELISA Enzyme-Linked Immunosorbent Assay
ELISPOT Enzyme-Linked Immune-Spot Assay
EQ-5D EuroQuol Five Dimensions Questionnaire
ESRD End-Stage Renal Disease

EVPI Expected Value of Perfect Information

HIV Human Immunodeficiency Virus

HUI3 Health Utilities Index Mark 3

ICER Incremental Cost-Effectiveness Ratio

IFN-y Interferon-Gamma

IGRA Interferon-Gamma Release Assay

IME Immigration Medical Exam

INH Isoniazid

IRCC Immigration, Refugees, and Citizenship Canada
LTBI Latent Tuberculosis Infection

MLE Maximum Likelihood Estimation

MTB Mycobacterium tuberculosis

NICE National Institute for Health and Care Excellence

Xii



Abbreviation
NMB
NTM
OR

PAF
PRISMA
PROMIS
PSA

PY
QALY
QFT
QFT-G
QFT-GIT
RCT

RIF

SEQ
SF-6D
SG

SHR
SIGN
B
TNF-a
TST
TTE
TTO
usD
WHO
WTP

Definition

Net Monetary Benefit

Non-Tuberculous Mycobacteria

Odds Ratio

Population Attributable Fraction

Preferred Reporting Items for Systematic Reviews and Meta-Analyses
Patient Records and Outcome Management Information System
Probabilistic Sensitivity Analysis

Person Years

Quality-Adjusted Life Year

QuantiFERON

QuantiFERON-Gold

QuantiFERON-Gold In Tube

Randomized Controlled Trial

Rifampin

Sequential Screening

Short Form Descriptive System

Standard Gamble

Sub-distribution hazard ratio

Scottish Intercollegiate Guidelines Network
Tuberculosis

Tumour Necrosis Factor Alpha

Tuberculin Skin Test

Time-to-Event

Time Trade Off

United States Dollar

World Health Organization
Willingness-to-Pay

Xiii



GLOSSARY

Term

Definition

Active Tuberculosis

The symptomatic, infectious state of tuberculosis infection, generally

characterized by a prolonged cough

Cascade of Care

The many steps required for a patient to go from being identified for

screening to adequately completing treatment

Discount Rate

Takes into account our preference for immediate returns over future

returns

Discrete Event Simulation

A type of microsimulation where time moves forward at discrete
intervals and where interactions can be modeled simultaneously

allowing for flexibility and efficiency in complex models

Dominant

When an intervention has lower costs and higher benefits than the base

case intervention; this intervention should be implemented

Dominated

When an intervention has higher costs and lower benefits than the base

case intervention; this intervention should not be implemented

Extended Dominance

When an intervention has higher costs and higher benefits than the
base case, but another intervention has a lower incremental cost-

effectiveness ratio; this intervention should not be implemented

High Tuberculosis Incidence Country

A country that has an estimated annual tuberculosis incidence >100

and <200 per 100,000 population

Immune-Suppressed

A health state whereby an individuals immune system is impaired
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Incremental Cost-Effectiveness Ratio

Calculated via the additional costs of an intervention divided by the

additional benefits of an intervention.

Late Stage Chronic Kidney Disease

Stage 4 or stage 5 chronic kidney disease (i.e. estimated glomerular

filtration rate <30 ml/min per 1.73m?) not requiring dialysis

Latent Tuberculosis Infection

The asymptomatic state of tuberculosis infection, where an individual

has adequately contained the bacteria and is not infectious

Low Tuberculosis Incidence Country

A country that has an estimated annual tuberculosis incidence <30 per
100,000 population

Migrant

A person that now resides in a country different from their country of
birth. Used synonymously in this thesis with terms such as “foreign-

born” and “immigrant.”

Moderate Tuberculosis Incidence Country

A country that has an estimated annual tuberculosis incidence >30 and

<100 per 100,000 population
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Quadrant | base case (i.e. a tradeoff exists); a decision is to implement should be
based on the incremental cost-effectiveness ratio
When an intervention has lower costs and higher benefits than the base
Quadrant I case (i.e. dominant); this intervention should be implemented
When an intervention has lower costs and lower benefits than the base
Quadrant I11 case (i.e. a tradeoff exists); a decision to implement this intervention
must be carefully made based on the policy makers goals
Ouadrant IV When an intervention has higher costs and lower benefits than the base

case (i.e. dominated); this intervention should not be implemented

Quality-Adjusted Life Year

An outcome measure that combines both the duration and quality of

life lived

Reactivation of Latent Tuberculosis Infection

The process whereby an individual progresses from latent tuberculosis

infection to symptomatic and possibly infectious active tuberculosis

Strict Dominance

When an intervention has higher costs and higher benefits than the
base case, but another intervention has lower costs and higher benefits;

this intervention should not be implemented

Tradeoff

In the context of healthcare decisions, when a sacrifice must be made

to obtain a benefit (e.g. increase costs to increase population health)

Very High Tuberculosis Incidence Country

A country that has an estimated annual tuberculosis incidence >200 per

100,000 population

Willingness-to-Pay Threshold

In the context of a healthcare system, it is the most they are willing to

pay for a specific outcome (e.g. per quality-adjusted life year)
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CHAPTER 1. INTRODUCTION

1.1 Research Statement

This research aims to address the growing proportion of active tuberculosis (TB) cases occurring in
foreign-born populations in countries with a low TB incidence (<30 incident cases per 100,000 population per year),
such as Canada. In the past, activities to eliminate TB have primarily been targeted to halting active transmission of
disease from individuals infected [1,2]. These efforts have been effective at reducing the TB burden. In Canada, this,
as well as the advent of effective therapy, caused TB incidence to decline by approximately 95% from 1946-2000
(annual decline of 4.6%), however the annual decline from 2000-2010 has lessened considerably to only 2.2% [3].
During this time there has been a significant shift in the demographics of people with TB. In 1970 only 10% of
annual TB cases occurred in foreign-born persons, in 2015 it had risen to >70% [3,4]. While active transmission is
the main driver of TB in Canadian-born populations, reactivation of long standing TB infection, called latent TB
infection (LTBI), drives TB incidence in migrant populations living in low TB incidence countries [4]. Current TB
prevention strategies in low-incidence countries are not geared to fulsomely address LTBI and subsequent
reactivation in migrants and as a result TB disproportionately occurs in migrant populations. This thesis provides a
comprehensive evaluation of LTBI diagnostic tests and their use at various stages of the migration process to
determine what type of LTBI screening and treatment in migrant populations can be cost-effective. Figure 1-1
showcases the migration pathway many migrants undergo and the opportunities for LTBI screening throughout.
Each major step in the pathway is addressed in this thesis with the overarching goal of guiding policy makers’
decisions of which migrant populations to screen for LTBI, how to screen and treat for LTBI, and when to screen for
LTBI.

Chapter 2 and 3 of this thesis address the performance of commonly used LTBI diagnostic tests, the
tuberculin skin test (TST) and interferon-gamma release assay (IGRA), in the foreign-born. Chapter 4 investigates
the cost-effectiveness of post-immigration LTBI screening in new migrants using data from Canada. Pre-
immigration LTBI screening in potential immigrants and its cost-effectiveness is examined in the context of low TB
incidence countries in Chapter 5. The final research chapter, Chapter 6, uses administrative data from British
Columbia to determine if the optimal timing of LTBI screening in foreign-born persons diagnosed with Stage 4 or

worse chronic kidney disease (CKD) is at CKD diagnosis or at initiation of dialysis.



To aid the reader in understanding the contextual basis for this research, further description of TB, LTBI,
migration, and economic analysis is necessary. The remaining sections of this introduction give special focus to the
distinction between TB and LTBI and methods of screening and treating for both; the epidemiology of TB
worldwide and in Canada and the difficulty of foreign-born tuberculosis; LTBI management; the underlying medical
co-morbidities that drive TB and; the general approach to economic evaluation in relation LTBI. The introductory

chapter is concluded with a research rationale.

1.2 Tuberculosis Infection

TB is an infectious disease caused by Mycobacterium tuberculosis (MTB) and in 2016 was the cause of
death in over 1.7 million people worldwide [5,6]. The organism is acquired through droplet transmission from an
individual with active TB, invariably of the respiratory tract [7]. Upon exposure to an active case, infection is
dependent on several factors, including, but not limited to, infectiousness of the active case, time spent in proximity
to the active case, virulence properties of the MTB strain, and the immune status of the person exposed [8-10]. In
those infected, approximately 5% fail to mount a sufficient immune response, and within two-years progress to
active disease; for classification purposes, this rapid process is termed primary progression (active transmission)
[3,11]. The remaining individuals are able to mount a suitable immune response, which encapsulates the bacteria in
a granuloma, however TB bacteria may not be fully eliminated and continue to replicate [12]. Individuals in this
state are said to have dormant or latent TB infection. For the majority of people, their immune system is able to
contain TB bacteria for the remainder of their lives and active disease never occurs, however for approximately 5-
10%, there will be eventual uncontrolled bacterial replication and subsequent active disease; this process is known
as reactivation TB [3,7,12,13]. The progression through the spectrum of TB infection is graphically displayed in
Figure 1-2.

The majority of active TB is pulmonary, however virtually any part of the body can be infected with TB,
and in people with extrapulmonary TB, the diagnosis can be more difficult [14,15]. Typically, symptoms such as
cough and fever lasting longer than 3 weeks are a signal that someone may have active TB. A detailed symptom
screen and medical evaluation can elicit further information about recent exposure to known cases or distant
exposure in years past [14]. When TB is suspected, a chest x-ray (CXR) is performed to identify abnormalities.

Clinicians can also opt to take sputum samples to perform triplicate measures of acid-fast smear and mycobacterial



culture to determine the presence of TB. While triplicate measurements of acid-fast smear only has a sensitivity of
80% it is quicker than the higher sensitivity test of sputum culture (>95%), which can take 6-8 weeks for clinicians
to receive the results due to the slow growing nature of the microorganism [16]. Upon active TB diagnosis, patients
are treated for two-months with four effective drugs, most often isoniazid, rifampin, ethambutol, and pyrazinamide.
After the “intensive phase” of treatment and completion of 60 doses of each drug, patients are given four more
months of treatment or 120 doses in a “continuation phase” with at least two effective drugs, typically isoniazid and
rifampin in drug-sensitive cases [17]. In a proportion of patients, however, this will not be adequate to achieve the
gold standard measure of treatment success of culture conversion, and the continuation phase can be extended three
more months [18]. The outcomes for TB in high-income countries like Canada are very good, with over 90%
achieving a favorable outcome by the end of treatment and rates of relapse over the following five-years being very
low [3].

LTBI is different from active TB in that it does not present with any symptoms. Persons with LTBI are not
infectious and there is no current gold-standard test to confirm the diagnosis [3,7,12]. There are currently two types
of diagnostic tests used to aid in the diagnosis of LTBI and both are contingent on the body having previously
developed an immune response to TB antigens [19-21]. As a result, in individuals with impaired immunity, LTBI
diagnostic test sensitivity generally suffers due to anergy [22]. In addition, the tests are sub-optimal for identifying
infection due to unacceptable rates of false-positives in certain populations and generally poor sensitivity, even in
immunocompetent individuals [20,23,24]. Furthermore, the tests do not demonstrate any ability to predict if and
when reactivation will occur [25]. Nevertheless, these tests are key tools to help identify those with LTBI.

The most commonly used screening test for LTBI is the tuberculin skin test (TST) developed over 100
years ago. The TST uses a non-specific mixture of antigens in the purified protein derivative. This complicates result
interpretation in individuals who have received the TB vaccine, Bacillus Calmette-Guérin (BCG), in the past or have
been infected with non-tuberculous mycobacteria (NTM), as there is cross-reactivity with the antigens present in the
TST [26]. Because of this, those with BCG or NTM may have a false positive TST [27,28]. A TST is performed via
intradermal injection of purified protein derivative in the forearm; 48-72 hours later the induration size is measured
in millimeters. The size of the induration is generally proportional to the immune response generated by the body as
a result of the antigens injected. Various cut-points exist to define a positive test (e.g. >5mm, >10mm, or >15mm)

depending on risk of infection, risk of developing TB, NTM prevalence, and BCG vaccination status [3,29,30].



Regardless of cut-point used, however, TST performance is reliant on the skill of the clinician placing and reading
the test, as well as the patient’s willingness to return to have the test read [29,31-33]. Previously performed meta-
analyses evaluating TST performance at cut-off value for a positive result of >10mm, found that in populations with
active TB the TST had a pooled sensitivity of 76%. In populations at very low risk of TB infection, it had pooled
specificity of 60% and 97% among those vaccinated and not vaccinated with BCG, respectively [24,34].

Newer LTBI diagnostic test are the IGRAs, which use much more specific antigens to test for immune
sensitivity to MTB and therefore are not affected by BCG vaccination and many common NTM [35]. IGRAs are
made to detect TB either by using an enzyme-linked immunosorbent assay (ELISA) or an enzyme-linked immune-
spot assay (ELISPOT) and are based on interferon-gamma (IFN-y) production in response to antigen stimulation. In
ELISA, after blood is drawn, it is incubated in mitogen tubes. The tube is centrifuged and the plasma is removed.
The IFN-y produced is then measured via ELISA using a standard curve [36]. In ELISPOT, after blood collection,
T-cells are counted and placed in four ELISPOT wells coated to capture IFN-y. Antigens are added to each well and
if the T-cells react with these antigens, IFN-y is produced and captured. The plate is washed and a secondary
antibody is added to bind the captured IFN-y; a substrate is added to bind this antibody and create spots that can be
counted [37,38]. In both ELISA and ELISPOT, indeterminate results are infrequent, but do occur due to faulty
controls, impaired immunity, or operator and laboratory factors [35]. In the previously mentioned meta-analyses, the
pooled sensitivity of ELISA and ELISPOT based assays was 81%, while the pooled specificity was 96% [24,34].

The decision of which LTBI diagnostic test to use is more complicated than simply assessing test validity.
The long history of the TST has allowed extensive characterization of responses, which helps clinicians estimate the
future risk of TB when coupled with demographic factors; similar IGRA-based data is scarce [39]. Furthermore, the
ease of use and portability of the TST allows for its widespread use in the field and in remote locations, oftentimes
where LTBI testing is most needed. However, since this test requires a return visit to yield a result, populations with
a high probability of not returning are poor candidates for TST screening; this limits TST use in many high-risk
populations, such as the homeless and injection drug users, who may be quite nomadic in their movement [40,41].
Being a newer test, the IGRA has not been as well characterized as the TST and the relatively sharp cut-points for
test positivity are a cause of concern in patients who test just above or below the threshold [42]. Serial IGRA testing
can lead to unexplained reversions (positive to negative) and conversions (negative to positive). It is this inter-

patient variability that hinders IGRA interpretation [43-48]. Additionally, to perform an IGRA, adequate lab space



within a reasonable distance is required to receive results. The increased direct costs associated with the IGRA,
therefore make the TST the preferred test in many higher TB incidence, low-middle income countries, despite
widespread BCG vaccination use [49]. The advantages and disadvantages of each test must be carefully weighed in
specific scenarios and populations [3].

Individuals who test TST or IGRA positive are further scrutinized to come to a diagnosis, which may
include examination of medical history, recent TB exposure, CXR, and further testing to rule out active TB [19]. In
individuals treated for LTBI, there is no data to suggest that treatment increases risk of drug-resistance in those
developing active disease [3]. A decision to treat someone for LTBI requires a careful consideration of the risks and
benefits of various treatment regimens. If it is determined an individual is likely to have LTBI and the benefit of
treatment outweighs the risk (e.g. adverse drug reaction), they may receive any of the two main LTBI treatment
regimens currently in use in Canada [3]. The first regimen is nine-months of daily isoniazid, a thoroughly studied
drug that has little risk of drug-drug interaction (DDI), but has an age-dependent risk of isoniazid-induced
hepatotoxicity that can be fatal [50]. In a five-year trial, it was determined that 12-months of daily isoniazid lead to a
risk reduction in future reactivation of 93% [51]. Post hoc analysis determined equivalency of a nine-month regimen
with this regimen, which resulted in the shorter duration being adopted [52]. However, completion of nine-months
isoniazid therapy is variable but generally poor in practice, approximately 60% [53,54]. The second regimen is four-
months of daily rifampin, a newer regimen that has much better completion in general practice compared to
isoniazid [53,54]. Rifampin is generally well tolerated, with low rates of adverse events comparatively, however
DDl risk is high in certain subsets of patients, including those on dialysis (due to drug treatment for often occurring
co-morbid conditions) and those being treated with anti-retroviral therapy for human immunodeficiency virus (HIV)
[50,55,56]. Rifampin efficacy is uncertain, as no randomized controlled trial (RCT) has been published on 4 months
of therapy that was designed to assess efficacy in comparison with nine-months of isoniazid. However, a study
performed in silicosis patients treated for 3 months noted a 65% reduction in 5-year risk of reactivation TB [57,58].
A further opinion piece and analysis has suggested a four-month regimen would yield >80% reduction in
reactivation TB risk [59]. In other low-incidence countries a newer regimen consisting of once weekly
administration of isoniazid and rifapentine for three months is in use and has demonstrated success in achieving

extremely high completion rates and excellent short-term outcomes [60]. In Canada, this regimen is not routinely



available [3,60]. Accordingly, as this thesis uses the Canadian healthcare system as the setting for most analysis, this
rifapentine-based regimen will not be discussed further.

As should be evident, the pathogenesis of TB infection can vary widely patient-to-patient and with current
technology it is impossible to predict who will progress to active disease with any certainty. Interventions exist to
significantly reduce risk of progression from LTBI to active disease, however their implementation is erratic and
inadequate in most cases. As such, a significant proportion of TB in low-incidence countries originates from

reactivation of undiagnosed and untreated LTBI, perpetuating the cycle of transmission.

1.3 Tuberculosis Epidemiology
1.3.1 World Overview

TB has long been a devastating disease worldwide. The most recent report from 2017 was no exception,
with TB being one of the top 10 causes of death worldwide and the leading cause of death due to a single infectious
agent, surpassing HIV/AIDS in this respect [61]. In 2016, 1.7 million people lost their lives to TB and 10.4 million
incident cases of TB occurred, for a worldwide incidence of 140 cases per 100,000 population (Figure 1-3) [6].
Furthermore, it is estimated that one quarter of the world population (approximately 1.7 billion people) currently
have LTBI [62]. This reservoir of TB infection has the potential to perpetuate the TB epidemic for the coming
century unless it is addressed adequately; using conservative estimates of lifetime risk of reactivation (cumulatively
5%), reactivation TB due to LTBI causes approximately 2 million active TB cases annually.

The highest TB burden regions in the world exist in Africa, South-East Asia, the Eastern Mediterranean,
and the Western Pacific, with the epidemic driven, in part, by HIV co-infection, drug resistant TB, poverty, poor
nutrition, inadequate access to diagnostics and treatments, and lack of clinician suspicion of TB [5,63,64].
Furthermore, active transmission of TB is common due to the lack of resources available for case finding and
contact tracing, the stigma associated with TB, and low level of suspicion of TB by clinicians [63,65,66]. In the
Americas and Europe, TB incidence is relatively low and largely affects marginalized populations, such as the
homeless, injection drug users, some Aboriginal populations, and migrants [67—70]. The largest contributor in the
majority of these countries are migrants, which make up >40% of all TB cases in 88% of low-incidence countries

included in a recent survey [4]. The major driver of TB in migrants is reactivation TB due to long-standing LTBI



[71-73]; in many jurisdictions, routine LTBI screening in migrants is not performed and where it is performed, the
programs perform sub-optimally [4,53].

TB elimination worldwide requires an adequate response to TB in both the highest and lowest incidence
countries aimed at the epidemiologic drivers of TB. World Health Organization (WHQO) strategies such as the End
TB Strategy [74] and the Framework Towards Tuberculosis Elimination in Low-Incidence Countries [70] are
designed to impact reduction in TB incidence rates from the current average decline of 1.5% per year to >10% per
year by 2035. Tailoring these strategies to the epidemiologic characteristics of TB in local settings will be one of

many necessary steps to reach these targets.

1.3.2 Canadian Overview

After peaking in the mid 1940’s with 104 cases of TB per 100,000 population [3], TB incidence in Canada
declined rapidly over the ensuing three decades to 16 cases of TB per 100,000 population in the mid 1970’s (annual
decline of 6%) [3]. Improved understanding of the disease, the advent of streptomycin, isoniazid, and other anti-
tuberculosis drugs, and, spurred by an explosion in the gross domestic product per capita, better nutrition and living
conditions, improved public health infrastructure, and a significant reduction in the number of TB contacts per case,
contributed to this decline [3,75]. Improved case management allowed adequate contact tracing and case isolation
aimed to prevent ongoing, active transmission of TB [75]. Indeed, with the rapid decline seen to the mid 1970’s, it
appeared only a matter of time before TB in Canada was a thing of the past.

Over the ensuing four decades, the decline in TB rates slowed substantially and by 2015 the TB rate in
Canada was 4.7 cases per 100,000 population (annual decline of 3%) [3]. Many factors were responsible for the
halving of this decline, including the HIV epidemic [76], lack of funding from governmental bodies [66], and a
failure to address the socioeconomic drivers of TB in certain populations [64]. Most importantly, however, may be
the changing epidemiology of TB. Like many other low-incidence countries, TB disproportionately affects certain
marginalized populations [76]. In 2015, over 90% of TB cases occurred in just 25% of the Canadian population [77].
The foreign-born accounted for 71% of TB cases (14.8 cases per 100,000 population; 21% of the Canadian
population) and Canadian-born Aboriginals accounted for 20% of TB cases (19.9 cases per 100,000 population; 4%
of the Canadian population); the remaining 9% of cases occurred in Canadian-born non-Aboriginals (0.6 cases per

100,000 population; 75% of the Canadian population). The reasons for TB being so prevalent in the two former



populations are complex. The next section will delve into the complexities of foreign-born TB, however for a broad
discussion of TB in Canadian-born Aboriginal populations the reader is directed to the following excellent resources

[3,78-86].

1.3.2.1 Tuberculosis Epidemiology and Prevention in the Foreign-Born

In the foreign-born, the high proportion of cases is due to increased global migration and changing source
locations of new migrants to Canada [3]. In the 1940’s, the foreign-born population in Canada was just over 2
million people (20% of the total Canadian population), with >1.9 million originating from Europe and the United
States [87]. In 2015 the foreign-born population was 6.7 million people (21% of the total Canadian population), but
>4.4 million originate from areas outside Europe and the United States, many with a high incidence of TB [5,6,87].
As a result, while in 1970 only 15% of all TB cases in Canada occurred in the foreign-born, this proportion has
nearly quintupled over the subsequent 45 years [3]. While changing migration patterns have driven this dramatic
shift in TB burden, the Canadian healthcare system has yet to adapt to the changing TB epidemiology. Canada saw
its greatest decline in TB rates by halting active transmission effectively [88], however genotypic studies suggest
that active TB in migrant populations in low-incidence countries is driven by reactivation TB due to LTBI acquired
prior to migration. Estimates of the proportion of TB cases occurring through this route suggest it may be upwards
of 85% [71-73].

Various subgroups make up the term “migrant” or “foreign-born,” and TB risk varies between them,
however most fall into three major categories: economic class, family class, and humanitarian class [89]. The
highest risk category is the humanitarian class, consisting of refugees who have TB rates twice as high as other
migrants [3], likely due to poorer health and active transmission associated with crowded conditions [90]. Even
though TB screening is done after arrival in Canada for refugee claimants (those applying for refugee status at
arrival) these increased rates are consistently seen, suggesting that LTBI screening may be prudent to prevent
longitudinal TB cases in this population [3]. Family class migrants are the next highest risk, with TB rates slightly
lower than the humanitarian class. The economic class of migrants makes up two-thirds of all new migrants each
year and has significantly lower TB rates than family and humanitarian class migrants [3]. Regardless of subgroup,
however, TB rates remain significantly elevated when compared to the Canadian-born non-Aboriginal population
[77]. Even though steps exist throughout the immigration process to detect TB, at the present no formal LTBI

screening is done pre-arrival in migrants to Canada [91].



Currently, all new permanent resident applicants (economic class and family class), temporary visitors
staying >6 months from countries with a TB incidence >30 cases per 100,000 population, and convention refugees
(those applying for status prior to arrival, humanitarian class), are required to complete an immigration medical
exam (IME) prior to arrival [3]. The IME includes a physical and mental assessment, review of medical records, and
laboratory and diagnostic tests, one of which is a CXR that can be used as evidence for further testing to potentially
diagnose TB [91]. The intention of the assessment is to identify individuals that: are dangers to public health, are
dangers to public safety, or will put excessive demand on health or social services [92].

Individuals diagnosed with TB through CXR or mycobacteriological methods are considered dangers to
public health. These individuals are not permitted entry until an adequate course of TB therapy is administered, three
consecutive negative sputum smears and cultures are obtained, and they show stability or improvement in their CXR
over a period of at least three months. Of over 500,000 IME’s performed in 2011, only 0.09% yielded a diagnosis of
TB [3].

Individuals who have CXR abnormalities indicative of TB, but who are unable to give sputum, must
display stability in CXR over a period of 6 months. Individuals with abnormal CXRs who are able to give sputum
but have three consecutive negative smears and cultures, must display CXR stability over a period of 3 months; in
these cases individuals are diagnosed with inactive TB [3,89]. All individuals who have received previous TB
treatment (including those who received it due to diagnosis during the IME) or who are diagnosed with inactive TB
are permitted entry to Canada under the requirement of medical surveillance and must report to provincial or
territorial authorities within 30 days of landing; in 2014, only 2.4% of the over 250,000 new permanent residents
were flagged for post-landing TB medical surveillance [3,93,94]. Medical surveillance entails reporting to the
relevant health authorities for follow-up, which is variable across jurisdictions and may include a subsequent CXR,
sputum collection, and/or LTBI screening. The surveillance system is passive, with adherence to surveillance
reported to be as low as 60% in Ontario between 2002 and 2011 [94].

With no effort to identify LTBI prior to migration through diagnostic testing with either TST or IGRA, all
efforts to identify LTBI are done post-immigration. However with only 2.4% of migrants flagged for post-landing
surveillance who could potentially receive LTBI screening and notably poor adherence with surveillance, it is
plausible that fewer than 1% of new migrants may receive and complete LTBI screening immediately post-

immigration. This is specifically important as the highest incidence of TB in new migrants is in the first two-years



post-immigration [3,95,96] and many cases may be prevented if adequate screening guidelines were implemented
and executed [96]. No systematic programs exist for LTBI screening in all migrants in the years after arrival and
screening most often takes place at a clinician’s discretion [3,89,97].

The IME and medical surveillance system was never intended to be a platform for LTBI diagnosis and care
and instead intended to detect, among other medical conditions, prevalent TB prior to immigration and flag
individuals at high-risk for TB post-arrival for follow-up. In this regard, the current system is quite effective at
identifying individuals at immediate increased risk of TB post-arrival, with one-third of all TB cases within two
years post-migration in new permanent resident cohorts to Ontario occurring in migrants flagged for medical
surveillance [94]. The quandary with this system, however, is that while incidence is highest in the immediate two
years post-arrival, the majority of TB cases in foreign-born individuals actually occur greater than two-years after
arrival, and the majority appear in those never flagged for post-arrival medical surveillance [3,94]. In response, the
most recent TB guidelines in Canada called for post-arrival LTBI screening to be considered in certain high-risk
migrants after arrival [3], the end result, however, would be over one-third of migrants being considered for
screening, a fourteen-fold increase from the current 2.4% flagged for follow-up [97]. The resources required for this
undertaking are monumental and require significant communication between federal and provincial/territorial
entities. Unsurprisingly, there has been no evidence of uptake of these recommendations.

To compound these shortcomings, when migrants are diagnosed with LTBI, other obstacles exist to limit
adequate completion of therapy along the steps involved in LTBI care. The complete process of LTBI care, from

reporting for screening to completing treatment, is known as the LTBI cascade of care.

1.4 Latent Tuberculosis Infection Cascade of Care

The LTBI cascade of care consists of several steps whereby the patients report for screening and eventually
complete LTBI treatment. The initial decision to screen for LTBI must come after careful consideration of the
subsequent actions that will take place after the result is garnered; in essence, the decision to screen for LTBI must
also come with the decision to treat someone for LTBI if they test positive [3,98]. In light of this, support must be
provided to patients diagnosed with LTBI to ensure the completion of treatment. The steps in the cascade of care
include identifying persons to screen, performing a diagnostic test(s), receiving the result of the test, performing a

medical evaluation to rule out active TB and make a treatment decision, initiating LTBI treatment, and completing
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treatment (Figure 1-4). With so many steps, gaps in the cascade are expected [53,99]. One of the major
shortcomings of domestic LTBI screening programs in low-incidence countries is their inability to ensure that new
migrants are screened and treated for LTBI—some estimate fewer than 20% of migrants complete therapy [53,99].

Once the decision to screen has been made, several obstacles to adequate follow-up exist. At the present,
approximately 67% of those identified for screening are screened and have their test result read (44% in migrants)
[53]. Based on global estimates of TB infection, many potential positive results will be missed. Reasons for this poor
follow-up are numerous and largely have to do with socioeconomic and cultural barriers. For many migrants at risk
of TB, the native language is not the primary language spoken [100]. Lack of effective communication about what
LTBI screening is, the reasons for performing it, and the perceived risk associated with a result (e.g. potential costs)
discourages patient engagement [101,102]. Engaging new migrants by providing information in their chosen
language and using interpreters to ensure adequate communication may be promising [3,103,104]. In Canadian
jurisdictions, many new migrants are not covered by provincial healthcare upon arrival [3]. The added cost of paying
to see a doctor can be discouraging [105]; considering making migrants eligible for health insurance immediately
after arrival may help mitigate this [3]. MTB disproportionately affects the lowest socioeconomic classes [106,107].
Due to this, usual clinic hours are not an option for many migrants and return visits can be difficult [102]. Extending
clinic hours and providing several options for test reading may be solutions [3]. Many migrants vaccinated with
BCG do not believe they have LTBI and thus will discount a positive test [3,101]. IGRA-based screening may
mitigate this issue. Determining the result of the diagnostic test is the most important step in the cascade as it
determines the course of action moving forward. Bridging the earliest gaps in the cascade of care will impact the
proportion of individuals who receive LTBI therapy the most and make this a vital area of focus.

With a positive test, it is important to rule out active TB with a CXR and symptom screen before the pros
and cons of LTBI treatment are discussed with the patient [3,108]. As this step may involve return visits,
approximately 80% of patients complete their medical evaluation. Additional factors associated with this completion
may be a low perceived risk of infection (i.e. do not believe the diagnostic test result), discontinuation of financial
compensation that may have been provided during screening, busy work schedules, and the need to take time off
from employment [105,109]. Upfront patient education at the screening stage may aid in improving the proportion

of patients who return for their medical evaluation and perceive LTBI therapy as a valuable investment of their time.
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Upon completion of a medical evaluation, clinicians can decide to recommend treatment or not, and if
recommended, a patient will have to decide whether to start treatment; approximately 80% of patients who complete
their medical evaluation are recommended treatment (63% in migrants) and 94% initiate treatment [53]. Apart from
treatment contraindications, several other factors go into the decision to treat. The decision to start treatment—in the
absence of severe adverse effects from LTBI therapy—is a commitment to complete treatment so determining if this
is feasible is crucial. Some subpopulations, such as the homeless, injection drug users, and persons with mental
health issues are at risk for dropout from therapy. Directly observed treatment (DOT) regimens exist in some
jurisdictions for LTBI in populations at high-risk of dropout, however these are quite resource intensive [110-114].
In the context of migrants, perceived risk of deportation or loss of immigration status may play a significant role in
seeking care and accepting treatment; patient education may work to alleviate this [115]. In addition, lack of
clinician knowledge about the risk of LTBI and the necessity of adequately treating LTBI to eliminate TB may
impede recommendation and initiation of therapy [116,117]; improving education would aid in increasing the
proportion of patients beginning treatment. When taken as a whole, improving patient/provider education and
outreach to marginalized populations can significantly impact the number of patients beginning LTBI treatment.

While significant dropout has been seen at previous steps in the cascade of care, the highest rate of dropout
is seen after a patient decides to initiate therapy. On average, just over 60% of patients complete LTBI therapy once
they begin [53], however this number can vary widely between programs [54]. Typically, isoniazid therapy is
prescribed for a prolonged period of time, around nine-months, which is a key reason for the high rate of
incompletion in many instances [118]. Further to this, adverse events leading to treatment cessation occur in
approximately 6% of patients [119-123]. Use of four-month rifampin therapy can be more attractive to patients who
may not complete a nine-month regimen [53] and adverse events leading to treatment cessation are significantly
lower with this therapy at approximately 3% [119-123]. However, similar factors seen at other steps of the cascade
play a role in treatment discontinuation, including social factors and health system issues, which can be attenuated
with improved accessibility, patient engagement, and patient/provider education [113,114,118,124-127].

Gaps in the cascade of care play a crucial role in reducing the impact of domestic LTBI screening and
treatment programs. Filling gaps at each step can significantly impact the number of patients who complete LTBI
therapy. For groups at increased risk of TB reactivation due to medical co-morbidities, closure of these gaps is even

more important as these are the groups generally targeted for LTBI therapy and the groups that stand to gain the
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most benefit. While several reasons have been given to explain the high rates of dropout at each step, for the most

part these factors have not been adequately addressed, but research is presently ongoing.

1.5 Risk Factors for Reactivation Tuberculosis

The premise behind screening (and subsequently treating) LTBI is to reduce longitudinal incidence of TB
by preventing reactivation of TB and subsequent transmission. With current imperfect technologies it is cost-
prohibitive to perform LTBI screening on a massive scale so targeting is necessary; for LTBI, this targeting is two-
fold. Firstly, LTBI screening should only be directed to populations with an elevated prevalence of LTBI (e.g.
migrants) so as to maximize the number of true LTBI cases detected. However, LTBI tests cannot distinguish who
will progress to active disease so we must also direct LTBI screening to populations with risk factors that increase
their probability of reactivation TB. Thus, while it is important for us to recognize that migrants have elevated rates
of LTBI, it is also imperative to identify subsets that are at increased risk of reactivation TB, which for the most
part, include individuals with medical co-morbidities that impair immune system function. Select co-morbidities are
outlined in Table 1-1.

By and large the biggest risk factor for reactivation TB is HIV infection and acquired immune deficiency
syndrome (AIDS), which increases ones risk of reactivation from 5-10% over their lifetime to 5-10% per year (up to
37 times the risk of someone without any risk factor) [3,128-130]. Effective use of anti-retroviral therapy (ART) can
mitigate this risk somewhat, however HIV and AIDS are associated with more than 1.2 million TB cases and
400,000 deaths each year globally [5,131,132]. The literature surrounding LTBI screening in this population is well
established and in Canada there is routine LTBI testing upon an HIV or AIDS diagnosis as it has been shown to be
highly cost-effective [3,133].

Transplantation, CKD, and dialysis are other risk factors that confer a high increase in reactivation risk due
to the immune suppression that exists in these individuals [134-139]. LTBI screening is common in British
Columbia prior to transplantation and dialysis, however it has not been implemented in the early stages of CKD (i.e.
prior to dialysis and possibly transplantation) [140]. Previous analyses have shown a steadily increasing risk of TB
as CKD progresses, which coincides with our understanding of uremia-induced immune suppression being the likely
culprit of increased rates of TB [138,141]. In transplant patients, the risk of reactivation is >20 times the risk of

someone without any risk factor due to the use of immunosuppressing drugs prior to and after transplant [3]. This
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risk, however, is likely confounded by other factors associated with needing a transplant, namely increased age,
lifestyle (e.g. alcohol consumption), and related co-morbidities (e.g. CKD).

Use of other immunosuppressing drugs, like tumor necrosis factor alpha (TNF-a) inhibitors, other
biologics, and glucocorticoids moderately increase risk of TB [142-146], which has led some authorities to
recommend screening for LTBI prior to initiation [147], although scarce economic data exist to support this
[148,149]. These studies have demonstrated approximately five times the risk of TB reactivation when individuals
are on these agents and with increasing use of biologics and other immunosuppressants, the population potentially
impacted will continue to grow [150]. The reason for this increased risk is impairment of adaptive and innate
immune responses by many biologics and steroids [151]. In this immune state, the body’s ability to keep TB bacteria
encapsulated in granulomas is compromised.

Another moderate risk factor for TB is diabetes mellitus (DM). The increased risk for TB associated with
DM is relatively low when compared to someone without any risk factors at approximately 2-3 times [152-156].
Those with poorly controlled diabetes (i.e. HbAlc levels >7%) are at higher risk, however [157]. In both instances
the main drivers of this increased risk is impairment of T lymphocytes, macrophages, and polymorphonuclear cells,
although it is unclear if these are innate defects due to diabetes or a result of a hyperglycemic environment [158].
While the increased risk of TB in someone with DM is minor, the increasing prevalence of DM worldwide has
increased the population attributable fraction (PAF) of DM to TB [159]. In fact, while malnutrition is recognized as
the risk factor (risk increase for TB of approximately 4 times) with the largest PAF [160,161], DM has the next
highest PAF in settings with a high DM prevalence [162]. It is estimated that >420 million people worldwide have
DM as of 2014 for a worldwide prevalence of approximately 6%, making the PAF of DM between five and ten
percent [163]. WHO guidelines have concluded that even with high rates of DM, the low prevalence of LTBI does
not justify LTBI screening, suggesting that further targeting LTBI screening in DM patients with other conditions
that increase the risk of TB or to populations with a higher prevalence of LTBI is necessary [164].

Apart from co-morbid conditions, other risk factors for TB exist. Heavy alcohol consumption (defined as 3
or more drinks per day) and cigarette smoking (greater than 1 pack per day), increase ones risk for TB 2-4 times
when compared to someone with no risk factor [165-167]. Many confounding factors may play a role in the

increased risk seen with alcohol and cigarettes including social patterns associated with their use, co-morbid
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conditions associated with extended use, and their effect on the immune system [168,169]. The exact impact each of
these confounders may have on overall risk has yet to be elicited, however.

Utilizing the data surrounding these co-morbid conditions and their effect on TB risk to target screening in
migrant populations will be essential to reducing the TB burden. Comprehensive economic evaluation can help
determine subgroups that would present good value for LTBI screening and help prioritize implementation amongst

them.

1.6 Economic Evaluation

In healthcare, economic evaluation is generally used to determine the value an intervention provides, in a
specifically defined subgroup, compared to current practice or another intervention (e.g. the value a new TB therapy
provides in HIV patients; the value water fluoridation provides in Canada; the value yearly flu vaccination provides
in healthcare workers) [170]. When evaluating the value of these interventions, the incremental value (i.e. the
difference in value between this new intervention and current practice and/or other interventions) is interpreted in
relation to the incremental cost (i.e. the difference in costs between this new intervention and standard of care and/or
other interventions) to arrive at an overall value measure. One such measure is the incremental cost-effectiveness

ratio (ICER) [171]. The ICER is calculated as the incremental cost divided by the incremental value of an

Costintervention — COStstandard of care

intervention via: ICER = . The ICER is used to guide policy makers’ decisions on

Valueintervention — Valuestandard of care

interventions by giving an easily interpretable value of the increased costs and benefits of a proposed intervention. A
policy maker can take the cost per benefit reported and make decisions based on their willingness-to-pay (WTP) for
such a benefit [171]. For example, a policy maker may be only willing to spend $10,000 to prevent one case of
influenza—the ICER provides a value that can instantly be compared. If the ICER is equal to or less than a policy
maker’s WTP, then an intervention is generally considered cost-effective, while an ICER greater than a policy
maker’s WTP is generally considered not cost-effective. An alternate measure of the absolute value of an
intervention is the net monetary benefit (NMB), which is calculated via: NMB = (Benefit x WTP) — Cost.
Comparing interventions based on their overall NMB can be a useful way to prioritize interventions for policy
makers based on their WTP threshold: the larger the NMB, the more value that intervention provides to society.

One way to define value is the decrease (or increase) in a key clinical outcome provided by the intervention

(e.g. fewer TB deaths, fewer cavities, fewer influenza infections, increased years of survival). The second way is to
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define value based upon utility, which is a measure of an individual’s health status, where 1 represents a perfectly
healthy state and O represents death [172]. This second method is preferred in many instances as this is a
standardized measurement of benefit. The most common utility measure is the quality-adjusted life year (QALY)
that not only takes into account the increased duration of life an intervention provides (which may be none in some
cases), but also the quality of life in each of those years of life [173]. In the previous examples given, on a
population level, fewer TB deaths, fewer cavities, fewer influenza infections, and increased survival all affect utility
and the benefit instantly becomes comparable amongst them.

Utility is elicited largely through two methods: standard gamble (SG) and time trade off (TTO). The SG
procedure involves gauging participant’s willingness to risk death in exchange for being free of a particular health
state, [174] while the TTO procedure involves gauging a participant’s willingness to exchange years of life to be
free of a particular health state [175]. Other methods can be used, such as the visual analogue scale, but these are
two main methods to measure utility. As these processes can be time intensive, standardized questionnaires have
been developed to estimate utility values. Example questionnaires are the 6-item short form descriptive system (SF-
6D) derived from the 36-item Short Form Survey [176], the Health Utilities Index Mark 3 (HUI-3) [177] and the
EuroQuol five dimensions questionnaire (EQ-5D) [178]. Each of these questionnaires behaves differently and has
been calibrated based on preference weights obtained from specific populations using either the SG (SF-6D, HUI3)
or TTO (EQ-5D). In some cases, these questionnaires are not specific enough to adequately capture the quality of
life experienced by patients in certain disease states [179,180]. In these instances, it is possible to map a disease
specific questionnaire to scores from one the three aforementioned questionnaires so as to allow generalizability of
results [181,182]. Unfortunately, there is no currently validated disease specific questionnaire for TB at this time.
Regardless, selection of which method to use is dependent on context; a calibrated questionnaire in Canada will not
perform equally well in Vietnam, and vice-versa [183].

Further considerations must be given when deciding how to develop an economic model to compare value
or benefit, namely the perspective that will be taken and the discount rate used. Perspective refers to how costs and
benefits will be accounted for [184]. In many instances, the costs of interventions originate from the healthcare
system so it is common to take a healthcare system perspective when accounting for costs incurred. In other
situations, researchers can be interested in the cost to society as a whole and decide to take a societal perspective

when accounting for costs, which will not only consider costs to the healthcare system, but also to society in the

16



form of transportation costs, and productivity loss (e.g. absenteeism, and/or presenteeism) [185]. Once a perspective
is decided, an appropriate discount rate for future costs and benefits should be selected. Use of a discount rate is
common practice as it represents our preference for immediate benefits over future benefits [186,187]. Further
factors influencing our decision to discount include: the risk that expected future benefit is never realized due to
accidental death or large scale disaster and to account for inflation (i.e. incomes increase over time resulting in the
marginal value of a benefit decreasing) [188]. The U.S. panel has decided a discount rate of 3% for costs and
benefits is appropriate, citing available data on economic growth and corresponding estimates of the real
consumption rate of interest [189]. Alternatively, the Canadian Agency for Drug Technologies and Health
(CADTH) in previous years suggested a 5% discount rate, citing society’s time preference, but has since updated
their recommendations to a 1.5% discount rate, informed by provincial bond rates that have given near uniform
returns over time (i.e. a similar measure used by the U.S. panel) [190]. High discounting rates may mitigate the
benefit seen with preventative interventions (e.g. vaccines, prophylactic therapy) that may not be seen with
interventions providing immediate benefit (e.g. asthma medications, antibiotics).

The decision on which type of economic model to use is dependent on several factors, including the types
of questions that need to be answered, the population being modeled, wealth of available data, and logistics [171].
For longitudinal economic models in healthcare, two main model types are used: aggregate level models and
individual level models. Aggregate models are often advantageous as they simulate a population on a collective
scale assuming population homogeneity (e.g. decision tree, most Markov models), which are adequate for many
situations [171]. However when more granularity is needed, individual-based (microsimulation) models are
preferred. These models simulate individual people and can more robustly account for much of the heterogeneity in
risk factors, disease course, and outcomes, compared with aggregate models. However, these models may be time
consuming to develop and model calculations are limited by computational power and long run times (e.g. discrete
event simulation, individual sampling model) [171]. It has been common practice in TB research to use Markov
models when questions require models to be answered. These models assume that future states only depend on the
current state (e.g. are memory-less) and that populations are homogeneous, simplifying assumptions that aid in
model development and understanding [191,192]. In practice, the homogeneity assumption may be violated. To
account for this, models may be run multiple times using several different sets of parameters to represent many

subpopulations. Use of an individual level model, such as a discrete event simulation (DES) model, may be more
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appropriate in many cases to delve into how different subpopulations may respond to an intervention [193]. In DES,
time moves forward at discrete intervals and simulated patients have the ability to “remember” previous events,
allowing simulated patient pathways to better reflect reality [193]. These models are streamlined by creating sets of
equations to calculate transition probabilities based on population covariates that can be sampled for each individual
entity created.

Regardless of model type chosen, uncertainty in parameters will exist and has to be evaluated. Two ways to
evaluate this uncertainty is through univariate (one-way) sensitivity analysis and probabilistic sensitivity analysis
(PSA) [194]. In univariate sensitivity analysis, each parameter is varied one at a time, normally to a high or low
value different from its point estimate used in the model, and the results are compared to the results of the
deterministic model. This form of sensitivity analysis can help identify parameters that may have a significant
impact on the overall conclusion of the analysis. Researchers can use this information to further investigate
parameters to remove uncertainty [195]. In PSA, all parameters are varied at once, sampled from a probabilistic
distribution that has been pre-specified. In PSA, both first-order uncertainty (variability in outcomes of identical
patients) and second-order uncertainty (uncertainty around parameter estimates) are accounted for via specification
of an outer sample size (i.e. second-order uncertainty; the number of times a parameter is sampled from its
probabilistic distribution) and an inner sample size (i.e. first-order uncertainty; the number of patients simulated for
each outer sample) [196]. PSA is the most useful type of sensitivity analysis as it accounts for thousands of different
parameter combinations.

A comprehensive reporting of deterministic analysis and sensitivity analysis results (both typographically
and visually) completes an economic evaluation. Deterministic results such as population costs and benefits are
reported in table-format along with calculated ICER’s of new interventions in relation to the base case. Results of
univariate sensitivity analysis are generally reported using tornado diagrams [197]. It allows policy makers to
quickly identify the most impactful parameters on the results. Results of PSA are reported in several different ways.
Cost-effectiveness planes are very useful when a single intervention is compared to another [198]. See example and
further explanation in Figure 1-5. Policy makers can use this plane to determine how often an intervention falls in a
specific quadrant and determine how variable results are. Cost-effectiveness acceptability curves (CEAC) display
results of PSA in the form of likelihood of being cost-effective at various WTP thresholds (see example in Figure 1-

6). This result is particularly important as different jurisdictions can use different thresholds or WTP thresholds may
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vary over time; this graph provides ease of interpretation and flexibility [199]. While highly useful when a small
number of interventions are compared, CEAC’s become convoluted when numerous interventions are used and may
not be appropriate. Efficiency frontiers can accommodate many different interventions easily by plotting the benefit
gained against the total cost associated with an intervention [200]. A line is then used to connect the least expensive
intervention to the next best value intervention in comparison, which creates a “frontier” where policy maker’s can
decide which intervention to fund at a given budget. The best value intervention on a frontier is determined by the
intervention with the largest incremental NMB compared to the base case and is calculated via: Incremental NMB =

NMB;piervention — NMBgiandard of care- €€ €xample efficiency frontier in Figure 1-7 for further explanation.

1.6.1 Economic Evaluation of LTBI Screening

Economic evaluations of LTBI screening have almost exclusively used a decision tree structure with
Markov nodes and many do not report QALYs as the outcome, instead electing for clinical outcomes such as
number of TB cases prevented and number of TB deaths averted [192,201,202]. Moreover, the results of studies can
be vastly different due to underlying assumptions and the level of detail modeled. This section serves to provide an
overview of the cost-effectiveness literature surrounding LTBI screening in populations with high-risk co-
morbidities or the foreign-born.

Several systematic reviews have been completed summarizing most of the model-based LTBI cost-
effectiveness literature, yielding the conclusion that more data are needed before recommending LTBI screening in
any population except those with HIV [192,201,202]. Nine studies [133,203-210] have created economic models to
evaluate LTBI screening in the foreign-born (excludes contact tracing and outbreak investigations), while eleven
studies [133,148,149,211-218] evaluated immunocompromised populations (e.g. HIV, TNF-a inhibitors, dialysis).
No study has properly evaluated screening of immunocompromised migrant populations. As mentioned previously,
LTBI screening is most effective in populations with a high prevalence of LTBI and risk factors that increases their

risk of reactivation, making this a major gap in the LTBI economic literature.

1.6.1.1 In the Foreign-Born

Khan et al [203] completed the earliest cost-effectiveness study in the foreign-born in 2002, detailing LTBI
screening and subsequent treatment in 18-year old migrants to the United States from various regions. The results of

this study suggest net savings if the most cost-effective (i.e. intervention with the lowest cost per QALY gained or
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per TB case averted) regimen was selected for screening. When evaluating the parameters selected however, there
was significant overestimation of TST specificity in migrants from regions with a high BCG prevalence (90%
specificity estimated vs. 60% specificity reported in the literature [section 1.2 of this thesis]), significant
underestimation in costs, and an assumption of rifampin treatment equivalency with isoniazid treatment.
Considering these issues significantly underestimate the overall cost of a universal LTBI screening program, the
results of this study might not be enough to recommend LTBI screening in new 18-year old migrants.

An analysis of IGRA and TST screening in new migrants from various TB incidences was completed by
Oxlade et al [204]. The model developed uses reasonable assumptions for costs and test parameters, however it
likely overestimates the prevalence of LTBI in new migrants from moderate (60 cases per 100,000 population) and
high (120 cases per 100,000 population) countries, which would yield longitudinal TB incidences well above those
experienced in countries like Canada. Despite this, the model makes more reasonable assumptions for LTBI
prevalence in low (2 cases per 100,000 population) incidence countries. Given a baseline reactivation rate of 1.1 per
1000 person years [219], in the Canadian-born (28.4 million in 2014; 1.7 cases per 100,000 population) [220], this
model suggests approximately 410 TB cases—the true incidence in 2014 was approximately 480 TB cases. The
study concludes that in the most optimistic scenario the costs per TB case prevented are $430,000, $48,000, and
$46,000 (2004 CAD) in migrants from low, moderate, and high incidence regions, respectively. Considering the cost
of managing a TB case is approximately $20,000 [221] and the probable overestimation of LTBI prevalence, this
question warrants further evaluation beyond this study.

Linas et al [133] completed a comprehensive cost-effectiveness analysis of LTBI screening in long-
standing migrants (i.e. who have landed >5 years prior) and recent migrants using TST or IGRA. The model used
positive TST prevalence, TST sensitivity, and TST specificity to estimate LTBI prevalence in each of these groups.
Baseline reactivation rate was estimated to be 0.79 cases per 1000 person years using a previously published
formula that was risk adjusted; this rate is significantly lower than estimates (1.1 to 1.9 cases per 1000 person years)
published previously by the same group [219]. Further, the model does not consider all aspects of the cascade of
care and likely overestimates the number of individuals completing screening and beginning therapy. The results of
their model suggest good value in screening recent migrant adults with an IGRA ($35,200 per QALY gained), but
diminishing returns on screening long-standing migrants as their age increases due to a reduction in life years to gain

due to aging (~$60,000 per QALY gained if age <45 years, >$100,000 per QALY gained if age >45 years). While
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promising results from a robust model, not considering all aspects of the cascade of care and assuming full
adherence with LTBI screening in recent migrants will overestimate value.

The National Institute for Health and Care Excellence (NICE) conducted two economic analyses on
screening new migrants from high prevalence countries using input parameters from two different studies [205]. The
model assumed a LTBI prevalence of 30%. All listed parameters were reasonably estimated, however reactivation
rate and the costs of managing an active TB case were not explicitly reported, which are two of the most important
parameters in LTBI economic models. Nevertheless, the model suggests cost-effectiveness using either set of
parameters when screening with an IGRA at a WTP of £30,000 per QALY (~$50,000 CAD per QALY). Using the
parameters derived from Pai et al [34] it was found that sequential screening with TST followed by IGRA was more
cost-effective than IGRA alone; under these circumstances, LTBI prevalence had to be higher than 20% for this
intervention to be cost-effective at a WTP of £30,000 per QALY . In sensitivity analysis, reactivation rate was varied
from 1% per year to 30% per year; using an IGRA was cost-effective at a WTP of £30,000 per QALY when the
reactivation rate was at least 5% per year in both analyses.

Pareek and colleagues [206] completed an analysis that evaluated the cost-effectiveness of LTBI screening
for new migrants who were 35 years of age or younger according to NICE guidelines (>16 years of age and
symptom of active TB or from a country with TB incidence >40 cases per 100,000 population). The model
examined use of TST alone, IGRA alone, or sequential screening with an IGRA if TST-positive for screening and
only examined combination 3-month isoniazid and rifampin for treatment. Most parameters were reasonable except
the proportion of new migrants completing treatment (95% accept, 85% complete). The most cost-effective
intervention was screening migrants from countries with TB incidence higher than 250 cases per 100,000 with an
IGRA (£21,565 per TB case averted) and not performing entry CXR. Reducing TB incidence to higher than 150
cases per 100,000 yielded an ICER of £31,867, while reducing it to higher than 40 cases per 100,000 resulted in an
ICER of £34,754. Due to only analyzing one treatment method (effectiveness of 65%) and estimating very high
treatment completion rates, further investigation is necessary.

Pareek et al [207] also performed a cost-effectiveness analysis of recent migrants (<5 years after arrival)
who were 35 years of age or younger and had an indication for IGRA screening. Model parameters were informed
by routinely collected IGRA results of this cohort due to referral from various healthcare services. Most parameters

selected were reasonable, however the proportion of migrants accepting and ultimately completing treatment was
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likely overestimated (95% accept, 85% complete). The study found that screening migrants 35 years of age or
younger from countries with a TB incidence >150 cases per 100,000 yielded a cost per TB case averted of £20,818.
Increasing TB incidence to >250 cases per 100,000 yielded a cost per TB case averted of £17,956. Similarly to
Oxlade et al [204], the choice of key parameters and ICER’s very close to the average cost of managing a single TB
case means this question warrants further investigation.

Porco et al [208] evaluated LTBI screening of new high-risk migrants flagged for post-arrival follow-up
due to pre-immigration medical screening (evidence of infection/abnormal CXR, but no active disease). The model
used data from California and projected the added QALYs and costs of implementing LTBI screening in this
population. The model assumes very low utility for those with TB (0.45) compared with more recent estimates and
assumes very high TST performance (99% specificity, 93% sensitivity). They found that implementing LTBI
screening in this high-risk group resulted in saving $25,000 (2004 USD) and adding 8 QALY per 1000 migrants in
a 20-year period. Had more realistic utility and diagnostic values been used, it is likely that these results would
change drastically. For comparison, Dasgupta and colleagues [222] completed a similar study evaluating post-arrival
follow-up of a similar cohort flagged due to CXR abnormalities. The authors used data from a TB clinic in Montreal
to evaluate the true yield of a program under routine conditions. The conclusion was that performing LTBI
screening came at a cost of $65,126 (1998 CAD) per TB case prevented, drastically different from those seen in the
study by Porco et al. As a result, further evaluation of post-arrival surveillance programs is required.

Schwartzman and Menzies [209] completed an economic evaluation of TST screening as an alternative to
typical pre-immigration CXR screening to detect TB. In this analysis, high LTBI prevalence (50%) and low LTBI
prevalence (5%) were evaluated with an assumption that in those testing positive with LTBI, approximately 35%
adequately complete therapy, well in line with recent estimates. Yet an area of concern with this analysis is the high
sensitivity (99%) and specificity (97.5%) of the TST used in this model that would overestimate the number of LTBI
cases detected and underestimate the cost of improperly prescribing preventative therapy. Nonetheless, the study
found similar costs per TB case prevented in both high and low LTBI prevalence at $66,759 and $68,799,
respectively. This is almost certainly due to the overestimation of TST performance resulting in nearly all cases
detected, with few false positives. Due to this, a more up-to-date analysis of pre-immigration LTBI screening in

areas of increased LTBI prevalence is required.
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Schwartzman and colleagues [210] developed a cost-effectiveness model to evaluate dual implementation
of expanded directly observed therapy short-course (DOTS) and pre-immigration LTBI screening using a TST in
Mexico. While it was found that funding expansion of DOTS in Mexico was highly cost saving, the addition of
LTBI screening was cost-prohibitive, costing $648,379 per TB case averted (2003 USD). The model likely
overestimated TST specificity (85% specificity estimated) in Mexico where a booster BCG vaccine was in effect
until 1998 and vaccination coverage is excellent, however had reasonable assumptions for costs and other risks such
as adverse events. This limitation would only bias the ICER downwards and while it may not provide the most
accurate overall result, it is convincing evidence that universal pre-immigration LTBI screening in migrants from a
low-incidence country is not cost-effective.

It is evident that the choice of input parameters plays a significant role in the results of these economic
analyses. Six studies evaluated post-arrival LTBI screening and even though several of these studies remained
optimistic on select key parameters, the results generally do not favor mass foreign-born LTBI screening. In the two
studies evaluating pre-immigration LTBI screening [209,210], the results do not favor implementation in low LTBI
prevalence settings and serious questions about parameter selection exist in the study evaluating its use in high LTBI
prevalence settings. In the single study evaluating post-arrival LTBI screening of migrants with prior evidence of
infection [208], the intervention was found to be cost-effective, however real world data from a similar program
disputes the results [222]. Considering the heterogeneity in results, a re-evaluation of pre-immigration and post-
arrival screening of migrants with up-to-date, realistic information would further inform policy makers of the value

of such programs.

1.6.1.2 In Populations with High-Risk Co-Morbidities

Shrestha et al [211] completed a cost-effectiveness analysis of treating LTBI with isoniazid therapy with or
without prior TST screening in newly diagnosed HIV-infected individuals in Uganda. The model assumed a high
LTBI prevalence (34%) but this is not unreasonable for a high prevalence region like Uganda. The model did
assume unreasonable TST sensitivity (89%) and specificity (95%) given that anergy is common in HIV populations
yielding sensitivity closer to 70% [223] and that there is a universal BCG vaccination schedule in Uganda [224].
Nevertheless, in a situation where no screening took place and all were immediately treated with isoniazid, an
additional 30 QALY's were gained per 100 patients over their lifetime. Generalizing this benefit to similar HIV

patients, a program could incur incremental costs of approximately $1.5 million at the national level and still be
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cost-effective. While this study demonstrates the benefit of treating LTBI in newly infected HIV patients, studies in
high-income countries are necessary to definitively recommend it in these settings.

Burgos and colleagues [212] conducted an economic evaluation of screening adults at very high-risk for
LTBI and HIV in Mexico with an IGRA. The initial distribution of health states used in the model were LTBI
prevalence of 58% and HIV prevalence of 4%; LTBI/HIV co-infection had a prevalence of 2.3%. In individuals with
HIV, the probability to progress to active TB was reasonable at 5.4% per year, however no adjustment to IGRA
performance in HIV infected individuals was done and the completion rate of preventative therapy was not stated. In
this high prevalence population, 380 incremental QALYs were gained through targeted LTBI screening and
treatment in a population of 1000 individuals over a 20 year time horizon. These results are similar to those seen by
Shrestha and colleagues [211] and similarly require study in high-income countries prior to definitive
recommendation.

Azadi and colleagues [213] completed a study evaluating the implementation of a training program
intended to increase the frequency of TST followed by preventive therapy in HIV patients in Brazil. Model
parameters were derived from the trial completed evaluating this program, as such test sensitivity and specificity
were considered irrelevant (TB rate was directly modeled given test results from the data). The model used
disability-adjusted life years (DALYS) as its outcome, a measure of disease burden that rather than counting the
number of quality-adjusted life years a cohort lives (like the QALY) measures the number of life years lost due to
disability, disease, or early death [173]. This study, based on a Markov model, found that increasing the frequency
of TST use (and in essence administration of isoniazid preventive therapy) averted 1.14 DALY per 100 patients at a
cost of $2594 (2010 USD) per DALY averted. Comparable to the aforementioned studies in HIV patients, how this
research will translate to high-income settings is still unclear.

Capocci et al [214] analyzed the cost-effectiveness of LTBI screening newly diagnosed HIV patients in a
high-income, low-incidence setting in two different scenarios: low frequency of anti-retroviral therapy and high
frequency. The study evaluated different CD4 cut-offs to determine whether IGRA screening was warranted and
compared it with no IGRA screening. Using real world data, they found that as anti-retroviral therapy use increased,
cost-effectiveness of LTBI screening expectedly decreased. At present, where anti-retroviral use is very common,
targeting screening according to CD4 use, region of origin, and duration of anti-retroviral use was highly cost-

effective at €5399 (2012 value) per TB case prevented, while screening all came at a cost of €11,130 per TB case
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prevented. Similarly, the targeted screening approach came at a cost of €9332 per QALY gained and screening all
came at a cost of €18,928 per QALY gained. Based on this data, even if targeted screening was not used, universal
LTBI screening in HIV patients falls well below accepted WTP thresholds and should be performed.

Kowada [215] evaluated LTBI screening of HIV positive pregnant women from high TB burden countries
using TST, IGRA, or a dual strategy where both tests are given and a single positive represented a positive result.
While most model parameters selected were reasonable, the model assumed a relatively small increase in
reactivation risk due to HIV of 4.5 (literature value is approximately 37). Furthermore, the model only evaluates a
scenario where one must screen for LTBI and does not evaluate the incremental benefits of such an intervention
compared with not screening. Due to this, it is difficult to make any screening recommendations. Nevertheless, the
model found that in a population with an LTBI prevalence of 32%, the most cost-effective option was to perform
sequential screening. Only 6-month isoniazid therapy was evaluated. While this evaluation is of interest, lack of
comparison to a base case hinders its utility greatly.

Swaminath et al [148] evaluated screening for LTBI during treatment with prednisone and prior to
initiation of TNF-a inhibitors in 35-year-old males with moderate-severe Crohn’s disease. The model had a short
time horizon (one year) and questionable choices in parameter selection. Firstly, the reactivation rate in individuals
with LTBI was assumed to be 19% for those on biologics, however this is over 100 times higher than common
estimates of reactivation rates in individuals with longstanding LTBI. Further, it assumes a TST sensitivity of
15.13% and IGRA sensitivity of 76.78%. Studies in HIV patients (highly immunosuppressed) do not show a clear
superiority of TST to IGRA and studies in patients on biologic therapy show high levels of concordance between the
tests [35,225], suggesting that these parameter estimates may be flawed. The study concluded that screening with
IGRA prevented 4.92 TB cases in the first year compared to TST screening with a cost savings of $71,520 (2011
usD).

Laskin and colleagues [149] assessed LTBI screening in 5-year-old males with kidney disease prior to
initiation of steroid therapy. The model utilizes a lifetime horizon with an LTBI prevalence estimate of 1.1%. Other
selected parameters are reasonably sourced, however the assumption of reactivation risk declining by 10% per
decade representing self-healing is dubious and assuming a perfect utility for the healthy state (especially

considering the patients have kidney disease) is likely inaccurate. Finally, the model assumes children will always
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be on prednisone, which is not necessarily the case with idiopathic nephrotic syndrome. The model concludes that
no screening is dominant to targeted or universal TST screening in a population with minimal LTBI prevalence.

Kowada [216] completed an economic evaluation of screening for LTBI using a TST or IGRA prior to
initiation of TNF-a inhibitors in 40-year-old rheumatoid arthritis patients. The model parameters selected for test
performance were reasonable, however other methodological issues exist. Firstly, the author states a societal
perspective was taken but does not provide relevant cost data. Secondly, the baseline prevalence of LTBI (or
baseline TST/IGRA positive prevalence) is not stated. Finally, there is no indication of standard of care. The model
determines that IGRA screening is dominant to TST screening in this population.

Van der Have et al [217] created a model to assess LTBI screening prior to TNF-a inhibitor therapy in a
population of 30 to 60 year old patients with Crohn’s disease. In the study, conventional LTBI screening of TST and
CXR was compared with the same approach plus a confirmatory IGRA in those TST-positive. The model developed
assumes a 9% LTBI prevalence based on positive TST prevalence, however when evaluating IGRA screening, it
assumes a 15% reduction in LTBI prevalence from the base case (due to discordance with TST), which may impact
conclusions. The model found the addition of an IGRA was not cost-effective, at a cost of €64,340 per QALY
gained.

Kowada [133] developed a Markov model to determine if LTBI screening during hemodialysis was cost-
effective in a cohort of 40-year-old patients. Similar to other studies by this author, model parameters are generally
reasonable, but other issues exist that limit generalizability to targeted settings. The author assumes a significantly
higher prevalence of LTBI (40%) that what is seen in traditional low-incidence settings, even though the study uses
Japanese specific data. Furthermore, there is no comparison to no LTBI screening in this population, inhibiting our
ability to draw any conclusions on cost-effectiveness. The model does determine that IGRA screening is dominant,
but without a comparison to an absence of LTBI screening, it is impossible to recommend LTBI screening in
dialysis patients based on this study.

In addition to their analysis in foreign-born populations, Linas and colleagues further evaluated LTBI
screening in populations with medical co-morbidities, including those with: HIV, DM, end-stage renal disease
(ESRD), silicosis, and conditions requiring immunosuppressive medications. In addition to criticisms voiced in
section 1.6.1.1, the populations examined in this portion of the study have an extremely low prevalence of LTBI. As

mentioned in section 1.6.1, LTBI screening is most valuable in populations at high-risk of reactivation in addition to
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having a high prevalence of LTBI. While the aim of the paper was to look at LTBI screening specifically in the
United States, a significant opportunity was missed to evaluate LTBI screening in these populations at an increased
LTBI prevalence. The study concluded that LTBI screening in HIV populations (twice the LTBI prevalence and
twenty-times the reactivation rate of other examined populations) is cost-effective ($12,800 per QALY), while the
remaining conditions examined were cost-prohibitive, with ICERs >$350,000 per QALY in populations with
silicosis, DM, and ESRD and $129,000 per QALY in populations on immunosuppressive medications.

While much is known about HIV and the benefit LTBI screening plays in the population at any LTBI
prevalence, knowing whether to screen for LTBI in populations with other co-morbidities is less clear. LTBI
screening can provide significant benefit to immunocompromised populations who would have a worse prognosis if
TB occurred [226,227], yet the yield (i.e. the number of potential cases prevented) of screening must be high enough
to warrant intervention. As of now, it is uncertain what threshold for LTBI prevalence and reactivation risk must be
seen for LTBI screening to be cost-effective and how each threshold changes in regards to changes in the other. The
evidence supporting current policy recommendations of LTBI screening at co-morbidity diagnosis is weak. Analysis
of these co-morbidities in realistic populations at increased LTBI prevalence would provide strong evidence for

policy implementation in high-yield populations and lay the foundation for future work.

1.7 Research Rationale

To date, several national healthcare programs have recommended LTBI screening in high prevalence
and/or high-risk populations, but the underlying evidence is sparse and implementation is variable. While some
existing evidence suggests LTBI screening can prove valuable in certain situations, methodological concerns in
these studies and uncertainty about the absolute cost of interventions to a healthcare system give pause. TB
elimination in low-incidence countries will never occur unless new and innovative approaches are undertaken.
Implementation of these approaches needs to be supported by convincing real world evidence on cost, benefit, and
feasibility. This thesis aims to fill several knowledge gaps and provide credible evidence about costs and benefits of
LTBI interventions, while dedicating significant discussion to the feasibility of the suggested interventions.
Specifically, the main gaps addressed are:

(1) Current estimates of LTBI prevalence in foreign-born populations are based on TST reactivity. Much is

known about the risk of TST false positives in this population, but no meta-analyses exist to estimate LTBI
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)

®3)

(4)

prevalence based on IGRA reactivity using the wealth of IGRA data now available. Chapter 2 and 3 of this
thesis provide a comprehensive evaluation of TST and IGRA screening in foreign-born populations with a
focus on test positivity stratified by TB incidence in country of origin.

Significant methodological issues and parameter selection in current economic models mars the cost-
effectiveness of post-immigration LTBI screening. While in the past it seemed that this could be an
effective method of TB prevention, new literature is available to suggest otherwise. Revisiting this topic
(Chapter 4) is necessary to more accurately inform policy makers who have made recommendations on
outdated literature that are unlikely to be economically feasible [97].

Recent evaluations of pre-immigration LTBI screening as a part of routine medical exams are scarce, yet
this remains one of the most attractive options for TB prevention from a practical point of view for
immigrant-receiving countries; doing so can potentially more than double the yield of a traditional post-
landing LTBI screening program. An evaluation of the costs and benefits of a program is of high interest to
many national TB programmes as they continue to re-evaluate TB policy (Chapter 5).

LTBI screening recommendations in several national TB programs suggest screening at the time of
diagnosis for select co-morbidities, yet the data supporting these recommendations is weak. Current
economic evaluations are focused in low yield populations for which these recommendations were never
intended. A growing population of interest is those with CKD. Current policy in British Columbia is to
screen at the initiation of dialysis [228], but there is no economic evidence to support this recommendation.
A comprehensive evaluation of LTBI screening in late stage CKD where risk of TB is still elevated [138]
and LTBI screening at dialysis initiation could help inform the potential morbidity and mortality that could

be averted by such programs (Chapter 6).
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1.8 Tables

Table 1-1. Select risk factors for reactivation tuberculosis

Risk Factor Relative Risk* Prevalencet  Estimated PAF° Reason(s) for Increased Risk References
HIV/AIDS 20-37 212 3.9-7.1% Dysregulation of both innate and [3,229-231]
adaptive immunity
Transplant 20-74 69 1.3-4.8% Immunosuppressive therapy post- [3,232,233]
transplantation
Uremia-induced immune-suppression
Dialysis 3.4-25.3 58 0.1-1.4% and reduced function of T-cells, B- [3,141,232,234,235]
cells, and neutrophils
Impaired T-lymphocytes,
Diabetes 2-3.5 9300 8.5-18.9% macrophages, and polymorphonuclear [3,158,236]

cells

*Risk of reactivation TB compared to someone with no risk factor

+In Canada per 100,000 persons

°Calculated via: (Prevalence*(Relative Risk — 1))/((Prevalence*(Relative Risk — 1))+1)

PAF: Population Attributable Fraction
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1.9 Figures

Figure 1-1. Typical migration pathway for new permanent residents to Canada and potential areas for implementation of routine LTBI screening
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Figure 1-2. Typical pathogenesis of tuberculosis infection
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Figure 1-3. Estimated incidence of tuberculosis by country in 2016 [6]. Used with permission.
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Figure 1-4. The latent tuberculosis infection cascade of care for a typical patient and the retention of individuals along the cascade [53].
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Figure 1-5. An example of a cost-effectiveness plane. Visually one can examine which quadrant the majority of probabilistic runs an intervention falls in (each
‘dot’ represents one probabilistic run) and use this information to help make a decision about funding and implementation. The plane is broken into four distinct
quadrants. In quadrant I, the intervention has an increased benefit and increased cost compared to the base case. In this instance, the policy maker has to make a
decision based on their WTP. In quadrant 11, the intervention has an increased benefit, but lower cost than the base case; this intervention is called “dominant,”
meaning it is preferred without any further analysis. In quadrant 111, the intervention has a lower cost and decreased benefit compared to the base case. In this
instance, policy makers must decide how to proceed, as funding such an intervention would be sacrificing health. An intervention falling in quadrant IV is
“dominated;” that is to say, it has higher costs and a decreased benefit compared to the base case and should not be funded.
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Figure 1-6. An example cost-effectiveness acceptability curve of three interventions. The base case (A) is being considered against two competing interventions
(B and C) based on the likelihood that an intervention yields the highest NMB at various WTP thresholds. As WTP increases, the likelihood the base case will
provide the highest NMB drops. If a provider has a WTP threshold less than $22,000 the base case is preferred, however past $22,000, intervention B is
preferred. In this example, intervention C is never preferred.
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Figure 1-7. An example efficiency frontier for six interventions (B through G) compared to the base case (A). This plot can be interpreted based on slope. The
shallowest slope between subsequent interventions will be preferred as this reflects the ICER. From the dotted green line, it is evident that intervention B does
not fall on the frontier due to extended dominance by intervention C (i.e. while intervention B is more effective than the base case and less expensive than
intervention C, it has a larger ICER than C). It is also easy to determine that interventions D through G are strictly dominated by intervention C, being less
effective and more expensive than intervention C.
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CHAPTER 2. LATENT TUBERCULOSIS INFECTION
DIAGNOSTIC TESTS IN THE FOREIGN-BORN: A
SYSTEMATIC REVIEW!

2.1 Background

Approximately one-third of the world may be infected with LTBI [5,237]. Worldwide, TB is driven by
poverty, poor health infrastructure, and the HIV epidemic. Furthermore, the advent of multiple- and extensively-
drug resistant TB strains may hasten TB spread [238,239]. In low incidence countries, increasing migration from
high TB incidence regions has slowed declines in TB incidence [240]. Screening for TB disease and LTBI varies
country to country. In a recent survey of 31 low-incidence countries, 86% screened immigrants for active TB while
55% screened immigrants for LTBI. Policies, however, on whom to screen and how to screen for LTBI varies
widely [241,242]. Presently, many countries are reviewing their TB screening policies and are considering screening
for LTBI along with active TB shortly after arrival [3,243].

Approximately 5-10% of those infected with LTBI develop active TB within their lifetime [244]. For new
immigrants to low incidence countries, the highest incidence of active TB development is within the first five years
of arrival [245]. Current methodology for diagnosing LTBI uses the TST or IGRA in combination with CXR,
physical examination, exposure, and medical history to establish an LTBI diagnosis [108]. The TST is an
inexpensive and easy to use test, but suffers from low specificity partially due to false positivity related to BCG
vaccination [24,246]. There are two commercially available IGRAs, the QuantiFERON-Gold In-Tube® (QFT-GIT)
(Cellestis, Valencia, CA, USA) and T-SPOT®.TB (Oxford Immunotec, Marlborough, MA, USA), which detect
interferon gamma production due to reaction with TB-specific antigens to diagnose LTBI [247,248]. IGRAS are
more expensive however they demonstrate higher specificity in BCG-vaccinated individuals [24]. The sensitivity
and specificity of these tests for LTBI is still uncertain with no gold standard test available and as a result estimates
vary [24]. This leaves large uncertainty around the most cost-effective screening decisions.

There are very few reviews evaluating outcomes associated with screening immigrants, with available

reviews examining LTBI screening practices, LTBI testing in narrow immigrant populations, or assessing active TB

! Adapted with permission from: Campbell JR, Krot J, Elwood K, Cook V, Marra F. A systematic review on TST
and IGRA tests used for diagnosis of LTBI in immigrants. Mol Diagn Ther 2015;19(1):9-24.
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only [242,249-251]. With screening of new immigrants that arrive to low incidence countries for LTBI emerging as
a focus of many new recommendations [3,241] knowledge of prevalence of positive tests and expected outcomes is
vital. The objective of this chapter was to conduct a systematic review of studies that evaluated diagnostic tests for
LTBI specifically in immigrant populations in terms of recommendation for LTBI treatment, long-term active TB
development, and positive test prevalence in various age and TB incidence strata, to inform the use of each

diagnostic test.

2.2 Methods

2.2.1 Literature Search Strategy and Study Selection

This systematic review was performed in accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [252]. A literature search to identify articles concerned with TST
and/or IGRA use in immigrants to low TB incidence countries was conducted in the following databases:
MEDLINE (1980 to April 2014); EMBASE (1980 to April 2014); Cochrane Central Register of Controlled Trials
(April 2014); Cochrane Database of Systematic Reviews (2005 to April 2014); CAB Direct (1980 to April 2014);
CINAHL (1980 to April 2014); Web of Knowledge (1980 to April 2014); and PubMed (1980 to April 2014).
References of selected studies were further screened and assessed for entry. The PubMed search strategy used was
“tuberculosis” AND (“test*” OR “screen*”’) AND (“immigra*” OR “refugee*” OR “migra*” OR “foreign born*”).

Citations were screened, assessed for eligibility, and included in the systematic review based on the
following inclusion criteria: take place in a low-incidence country, as defined by Canadian guidelines (<30 cases per
100,000 persons) [3]; screening had to include a commercial TST or ELISA/ELISPOT based IGRA; TST had to be
read 48-72 h after administration; and investigators had to use >10 mm induration diameter for a positive TST
result. Studies not included in this systematic review were those which used self-reported TST results due to high
potential for misreporting and bias; performed in an immunocompromised population—including HIV, chronic
kidney disease, diabetes, or on immunocompromising medications (e.g. steroids, TNF-a inhibitors)—as they
typically have higher rates of TB [3]; and used outdated TST techniques, such as Heaf or Tine testing, which are no

longer the norm. | performed the literature search (JRC) and uncertainty was discussed with Dr. Marra.
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2.2.2 Data Extraction

Jane Krot and | extracted the data independently and discrepancies were discussed with Dr. Marra. Data
extracted included the study author, location and date, total number of participants included, immigrant class, age,
gender, country of origin, number of participants included in the analysis, type of testing received, BCG vaccination
status, TST induration diameter cut-off used in each study, number of participants who had positive versus negative
results for TST and/or IGRA, and outcomes data including number diagnosed with LTBI, active TB, and number
who developed active TB over the follow-up period. Further contact with authors was sought when relevant

information was unclear.

2.2.3 Study Quality

Due to lack of a gold standard for diagnosing LTBI, evaluation of diagnostic accuracy is impossible and
thus evaluation of study quality is not standardized. In light of this and the fact that evaluating data quality is
necessary in any systematic review, we used a modified version of the Scottish Intercollegiate Guidelines Network
(SIGN) Methodology Checklist for Studies of Diagnostic Accuracy [253]. Our version only used the applicable
aspects of this checklist, including how patients were enrolled and excluded, the appropriateness of the patient
population used, the reading of the diagnostic test, and the final number of patients included in the analysis. Articles
scoring 6 or higher (out of 8) were deemed to have a low risk of bias due to study methodology. Prospective and
retrospective studies were deemed high quality and acceptable, respectively. Study quality was assessed

independently.

2.2.4 Data Analysis

Prevalence of positive tests, LTBI diagnosis, active TB diagnosis, and active TB follow-up data in the
population for each study were analyzed for all included studies. We further analyzed studies that reported their data
according to age—for most studies data was reported as <18 years of age (child) or >18 years of age (adult). For
studies which reported their data according to TB incidence rate in country of origin, we chose to analyze according
to the Canadian definition of high versus low (moderate to very high, >30 cases per 100,000 population; low, <30
cases per 100,000 population) [3], but we also conducted a sensitivity analysis using the WHO definition of low

being <10/100,000; moderate to very high >10/100,000 [70] and a more conservative definition of low being
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<50/100,000; moderate to very high >50/100,000 [249]. The IGRAs (three versions of the QuantiFERON test and
the T-SPOT.TB test) were analyzed as aggregated data due to the small number of studies using platforms other than
the QFT-GIT, but we also separated by QuantiFERON platform or T-SPOT.TB test, where enough data existed.
Fisher’s exact test or the y? test was used, as appropriate, to compare outcome data and prevalence of
positive tests in different strata. Comparisons were made between age categories, incidence categories, and between
tests within the same category. Within these categories, comparisons between studies that actively excluded those
with active TB and those that did not were made, where possible, due to the likely differences in test performance in
these different populations. Due to the high heterogeneity of studies, these analytical tests were not applied to

aggregate results of all included studies.

2.3 Results

The literature search yielded 4,990 citations; 2,625 citations remained after duplicate removal. Title and
abstract review removed a further 2,266 studies. A further 308 studies were removed as no English translation was
available, the citations were abstracts, the studies were not performed in immigrants, the studies did not use an
IGRA or TST, the data was not provided in a manner suitable for this review, or the TST cut-off was not 10 mm,
leaving 51 papers for analysis [100,101,127,207,254-300] (Figure 2-1).

Of the 51 studies included in the review, 32 were ranked high quality [100,101,127,207,254-269,285—
288,293-300] and 19 were ranked acceptable quality [270-284,289-292]. Across the 51 studies, 34 studies looked
at TST alone [100,101,127,254-284] and 9 studies looked at IGRAs alone [207,285-292]; 8 studies compared TST
and IGRAs [293-300]. Just 8 studies excluded those with active TB from their study
[100,101,262,278,293,295,296,298]. Only 16 studies reported on BCG vaccination with 9 using BCG scar as
evidence of vaccination [207,258,262,263,281,283,287,298,299], 5 using BCG self-reporting as evidence
[101,259,264,293,296], and 2 using BCG vaccination schedule in country of origin as a proxy for BCG vaccination
[276,300], although BCG vaccination rates varied considerably across studies (0—100%). The characteristics of the

51 included studies are included in Table 2-1, which summarizes each of the 51 studies included in the review.

2.3.1 Studies Evaluating Clinical Outcomes of LTBI in Immigrants

Using the results of TST or IGRA, CXR and/or clinical history, 15 studies evaluated LTBI as a clinical

outcome using the TST [100,101,127,254,256,263,267,273-277,279,280,284] as the diagnostic test while 3 studies
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used the IGRA test [285,288,297] (Table 2-2). Of the 9,349 immigrants with a positive TST, 5,041 (53.9%) were
recommended LTBI treatment compared to 511 (43.1%) of the 1,186 immigrants with a positive IGRA being
recommended for LTBI treatment (p <0.0001). In the TST group, two studies excluded those with active TB
[100,101], however the prevalence of positive tests did not differ significantly between studies that did and did not
exclude active TB (p > 0.05).

We found only 3 longitudinal follow-up studies for development of active TB. In the first TST study [274],
5 of the 4,990 TST positive immigrants followed for 5 years developed active TB. The second TST study [280]
found 8 of 154 TST positive immigrants followed for 3 years developed active TB. The IGRA study [288] followed
up active TB development in the 238 QFT-GIT positive immigrants not treated for LTBI and found 8 cases in their
approximately 2 years of follow-up. This data results in an active TB incidence rate ratio of 0.030 (95% CI 0.011-
0.065) in those tested with a TST compared to QFT-GIT.

A secondary outcome of active TB diagnosis using chest X-ray and/or sputum in immigrants at the time of
entry was reported in 14 studies using the TST [127,255-258,260,267,273,274,276,280,282,297] and in 6 studies
using an IGRA [285,287-290,297] (Table 2-2). Only 88 (0.8%) of the 10,579 immigrants with a positive TST had a
diagnosis of active TB, yielding an active TB discovery rate of 8.3 cases per 1,000 persons screened. Three of these
TST studies reported presence of active TB in those with negative TST results [127,256,273], with only 12 (0.15%)
of the 7,862 immigrants with a negative TST having active TB. Using these studies, we calculated a pooled
sensitivity of 78.18% (95% CI 64.99-88.19%) and pooled specificity of 55.4% (95% CI 54.58-56.22%) for the TST
to detect active TB, however its positive predictive value is only 0.7% (0.6-0.8%). In contrast, 32 (2.0%) of the
1,574 IGRA positive immigrants were diagnosed with active TB, giving an active TB discovery rate of 20.3 cases
per 1,000 persons screened. In the one study reporting this information [288], only 1 (0.2%) of the 577 IGRA
negative immigrants was diagnosed with active TB; this study estimated QFT-GIT sensitivity at 88.89% (95% CI
51.7-98.2%) and specificity at 70.8% (95% CI 67.5-73.9%) for detecting active TB, although its positive predictive
value was 3.3% (95% CI 1.4-6.3%). Removing the one study [285] using T-SPOT.TB from our analysis did not
significantly affect our findings (p >0.05). Active TB diagnosis was significantly higher in IGRA positive
immigrants (p < 0.0001), however no difference was noted in those who were IGRA negative (p > 0.05), compared

to those who were TST negative.
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2.3.2 Studies Evaluating the Prevalence of LTBI Screening Test Positivity in

Immigrants: Adults Versus Children

When stratified according to different age groups 10 studies had TST results for those >18 years old
[100,261-263,271,279-281,298,299] and 8 had IGRA results [207,286-288,291,292,298,299]. There were 7 studies
with TST results for those <18 years [127,264-268,282] and 3 with IGRA data in this age group [207,291,292]
(Table 2-3).

Studies totalling 3,307 immigrants >18 years of age tested with a TST resulted in 1,479 (44.7%) being TST
positive. Studies with TST results in those <18 years of age included 6,784 immigrants, of which 1,628 (24.0%)
were positive, significantly lower than those >18 years of age (p < 0.0001). Three studies in immigrants >18 years of
age tested with a TST excluded those with active TB [100,262,298], resulting in a significant increase in the
prevalence of positive tests compared to studies that didn’t exclude active TB (p < 0.0001). There were 4,914
immigrants >18 years of age tested with an IGRA, with 1,282 (26.1%) being positive. Comparatively, of the 331
immigrants <18 years of age tested with an IGRA, 46 (13.9%) were positive, significantly lower than those
>18 years of age (p <0.0001). Removal of the lone IGRA study excluding active TB [298] did not change the
results of the analysis. Comparing TST and IGRA results across age groups, prevalence of positive test results were
significantly lower in those tested with IGRAs who were both >18 years of age (p < 0.0001) and <18 years of age
(p < 0.0001). We compared the QFT-GIT in those >18 years of age to the TST and the results remained significantly

different (p < 0.0001), in addition the QFT-GIT did not differ from the QFT-G in this age group (p > 0.05).

2.3.3 Studies Evaluating Prevalence of LTBI Screening Test Positivity in

Immigrants: Country of Origin

When using a cut-off of <30 per 100,000 population as low TB incidence, we found 5 TST studies
[127,264,272,278,279] and 1 IGRA study [291], using the QFT-GIT, which examined prevalence of positive tests
by TB incidence in country of origin (Table 2-4). A total of 5,207 immigrants from low TB incidence countries and
21,513 immigrants from moderate to very high TB incidence countries had TST results, with a total of 1,331
(25.6%) and 8,924 (41.5%) of immigrants from low incidence and moderate to very high incidence countries being
TST positive, respectively. Prevalence of positive tests was significantly lower in those from low incidence

countries (p < 0.0001). Removal of the one study [278] excluding those with active TB did not significantly affect
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this conclusion (p < 0.05). The lone IGRA study included 16 immigrants from low incidence countries of which 0
(0%) were IGRA positive, while prevalence of positive tests was significantly higher in the 484 immigrants from
moderate to very high incidence countries with 166 (34.3%) being IGRA positive (p < 0.0001). The prevalence of
positive IGRA results was lower than the TST when compared in low incidence countries (p <0.0001) and in
moderate to very high incidence countries (p < 0.0001).

In our sensitivity analysis comparing prevalence of positive TST’s to IGRA’s using different definitions for
low and moderate to very high incidence (Table 2-4), 15 TST studies
[100,127,255,259,264,265,269,270,272,273,277-279,281,282] and 5 IGRA studies [207,286,288,291,299], all using
the QFT-GIT, were included when defining low incidence as <50 cases per 100,000 population. A total of 16,313
immigrants from low TB incidence countries and 54,017 immigrants from moderate to very high TB incidence
countries had TST results, with a total of 5,199 (31.9%) and 22,015 (40.8%) of immigrants from low incidence and
moderate to very high incidence countries being TST positive, respectively. Prevalence of positive tests was
significantly lower in those from low incidence countries (p < 0.0001). Positive test prevalence was not significantly
affected after removing the two studies that excluded those with active TB [100,278] (p > 0.05). In studies involving
IGRAs, 707 immigrants from low incidence countries and 4,184 immigrants from moderate to very high incidence
countries were examined. A total of 96 (13.6%) immigrants from low incidence countries were IGRA positive,
while 1,135 (27.1%) were positive from moderate to very high incidence countries. Positive IGRA prevalence was
significantly lower in those from low incidence countries compared to moderate to very high incidence countries
(p < 0.0001). The prevalence of positive IGRA results was lower than the TST when compared in low incidence
countries (p < 0.0001) and in moderate to very high incidence countries (p < 0.0001).

When defining low incidence as <10 cases per 100,000 population, we only found 1 TST study [279] and
one IGRA study [291]. In the lone TST study, 16 immigrants from low incidence countries and 307 immigrants
from moderate to very high incidence countries were included. No positive test was found in the 16 immigrants from
low incidence countries (0%) while 153 (49.8%) of those from moderate to very high incidence countries were
positive, indicating a higher positive test prevalence in those from moderate to very high incidence countries
(p < 0.0001). Similarly, the lone IGRA study included 16 and 484 immigrants from low and moderate to very high
incidence countries, respectively. None of the immigrants from low incidence countries tested positive (0%),

although 166 (34.3%) from moderate to very high incidence countries were positive, yielding a higher positive test
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prevalence in those from moderate to very high incidence countries (p <0.0001). There was no significant
difference in TST or IGRA test positivity in those from low incidence countries (p > 0.05), however the prevalence
of positive IGRA results was significantly lower (p <0.0001) in those from moderate to very high incidence
countries when compared with the TST.

In all three incidence definitions, the prevalence of positive tests in immigrants from moderate to very high
incidence countries was significantly higher with the TST than IGRA (p < 0.0001). Prevalence of positive tests in
immigrants from low incidence countries was significantly higher when the TST was used compared to the IGRA
using the <50/100,000 and <30/100,000 incidence definitions (p < 0.0001), however there was no difference when

the <10/100,000 definition was used (p > 0.05).

2.3.4 Studies Evaluating Prevalence of LTBI Screening Test Positivity in

Immigrants: TST Versus IGRA

Of the 8 studies comparing the TST and IGRA, concordance values between the two tests could be
calculated in all but one [293] and in the remaining studies, 5 used the QFT-GIT as their IGRA platform [294—
296,299,300]. The percentage of test agreement varied from 66.0-80.2%, and « values varied from 0.316-0.555,
with three of the seven studies showing “fair” agreement between tests [294,298,300] and the remaining showing
“moderate”. Of the 2,796 immigrants that received TST and IGRA, 1,128 (40.3%) and 896 (32.0%) were positive,
respectively (Table 2-5). Overall, those tested with a TST were significantly more likely to test positive
(p <0.0001). When only QFT-GIT studies were included, positive test prevalence was still significantly higher in
those tested with a TST (p <0.0001). Comparing the QFT-GIT to the other IGRA platforms, however, yielded
significant differences (p < 0.01). Studies that excluded those with active TB [295,296,298], had significantly higher

prevalence of positive TST (p < 0.01) and IGRA (p <0.001).

2.3.5 Predictors of LTBI Screening Test Positivity

Significant associations between TST positivity and the male gender were noted in several studies
[100,254-256,260,273,277,278]; this association was not seen in four studies [257,262,270,293]. BCG vaccination
was found to be significantly associated with TST positivity in four studies [259,278,283,293], however one study

found an association with negative TST results [260]. Country and/or region of origin were found to be significantly
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associated with TST positivity in numerous studies [127,255-257,260,270,273,277,278] and found to not be
significant in only 4 studies [101,272,293,294]. Increased age was also found to be significantly associated with a
positive TST in majority of the studies [101,254-256,270,273,277,278,283]. Age was not significant in 4 studies
[127,257,264,294] although two studies [127,264] were performed in subjects <18 years old and therefore were not
able to look at older age categories.

Male gender was not found to be significantly associated with IGRA positivity in three studies
[287,290,292], however two concluded significant association [207,289]. Country of origin was significantly
associated with IGRA positivity in several studies [207,286,289,291,293,299], however three saw no association
[287,290,294]. Increasing age was a significant factor for a positive IGRA in three studies [289,291,299], however
the same conclusion was not found in one [294]. BCG vaccination was not found to be significantly associated with

a positive IGRA in one study [287].

2.4 Discussion

This is the first systematic evaluation of outcomes and prevalence of positive LTBI diagnostic tests in the
immigrant population in low-incidence, immigrant-receiving countries. We found that the number of newly arrived
immigrants recommended for preventative treatment was significantly lower in those tested with an IGRA rather
than with a TST and that long-term, more test positive immigrants tested with an IGRA developed active TB
compared to a TST, providing evidence for increased use of the IGRA in LTBI detection. Although the use of
IGRAs is still a moving field in terms of active TB detection, IGRA performance was similar to the TST in terms of
active TB detection sensitivity. Interestingly, their similar performance in active TB detection provides conditional
evidence of expanded use of the IGRA in regular LTBI screening as the test has better specificity and thus identifies
fewer people for preventative treatment without an increase in risk of missing current active TB cases.

The prevalence of positive tests was significantly higher in immigrants tested with a TST rather than an
IGRA in each age and TB incidence subgroup. Our age-related findings of higher TST positivity rates in those
>18 years of age has been shown in a previous study [251] and is presumably related to the duration of exposure in
the country of origin. Higher IGRA positivity rates were also found in those >18 years of age, however with only
three studies examining IGRA results in those <18 years of age, more studies in younger populations are required to

better characterize the behaviour of this test before recommending widespread use in the young immigrant
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populations. Positive test prevalence for both the IGRA and TST was significantly higher in immigrants coming
from moderate to very high incidence countries compared to low incidence countries, and this result was not
sensitive to changing low-incidence definition, except in the case of those from countries of <10 TB cases per
100,000 population, likely due to the very small sample size (17 total immigrants).

Our results coincide with the Munoz et al. [250] study which evaluated the two diagnostic tests in
populations of contacts, anti-tumor necrosis factor candidates, and asylum seekers, even though this review was
specific to generally healthy, immunocompetent immigrants, demonstrating demographic independent trends. A
review of BCG and tuberculin reactivity in populations from areas of varying TB incidence [251] noted similar
results of increasing TST positivity with age in both BCG vaccinated and non-vaccinated groups, as well as
increased TST positivity in people from countries with high TB incidence, although this review was narrow in focus.
Several research papers and new TB guidelines have suggested that targeted LTBI screening in those from high
incidence populations is likely to be the most cost-effective method and have the greatest impact in quelling TB in
low-incidence countries, due to the increased likelihood of discovering LTBI and further benefit of subsequent
treatment. A number of countries, including the UK, have already changed their screening guidelines
[3,96,117,205,243,249].

This chapter is not without limitations. The studies included are heterogeneous, examining populations
from very different regions and lifestyles (e.g., diet, hygiene, living situations, fitness, exposure); comparing groups
of similar age and TB incidence in country of origin, further analyzing studies using different IGRAs, or excluding
active TB helped minimize heterogeneity. Even so, rates of BCG vaccination in each country, living conditions, and
healthcare-related factors could not be considered, and these may have an effect on LTBI rates. The majority of
studies did not report BCG vaccination status, not allowing for comparison of rates between populations that were
BCG vaccinated and those that were not, a likely key reason for the high prevalence of positive TST in certain
studies. Pooling of data from the different IGRAs, given their different characteristics and performance is a
limitation of this chapter, however this technique is used by others conducting reviews and meta-analyses, due to the
small numbers of studies using the various IGRA platforms [25,301,302]. We attempted to analyze data based on
time since arrival, but were unable to do so as nearly all studies were performed in populations who had landed

<5 years prior to study commencement and data were not reported by time since arrival. Even though new data
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[244] suggest that LTBI reactivation, and likely positive test prevalence, is nearly constant after entry, it may be
worthwhile to perform a meta-analytical comparison based on time of arrival if data becomes available.

This review included studies that took place between 1980 and 2014. Over that time period TB rates, and
subsequently LTBI rates, have dropped substantially in certain countries. This time frame was used to ensure an
adequate number of studies were included to see any possible differences between age groups, TB incidence, and
diagnostic tests. Comparison of TST studies from 2006 or earlier to those from 2007 onwards revealed no
significant differences in prevalence of positive diagnostic tests, suggesting that the large time period did not have a
significant effect on our overall conclusions. Furthermore, the IGRA is a new diagnostic tool and literature on long-
term follow-up, use in immigrant populations, and use in children, is limited. These limitations could cause us to
have misestimated rates of LTBI, active TB, and active TB development in the immigrant population.

No gold standard for LTBI diagnosis exists, complicating decision making in the clinic and at the policy
level. Best estimates for true test performance come from meta-analytical studies evaluating active TB as the
surrogate reference standard for LTBI or from evaluating test performance in populations of negligible TB risk.
Muddling the decision of which test to use are the inherent disadvantages of each test. TST specificity is influenced
by BCG vaccination history and, less commonly, exposure to NTM; further disadvantages include variability in
interpretation of results and requirement for provider training [39]. Additionally, the requirement of test reading 48—
72 h after injection leads to low TST screening completion (69%; 95% CI 69-70%) [303]. In contrast, the IGRA
does not require follow-up, but does have significant sources of variability, poor reproducibility, and is more
expensive to administer. Furthermore, each of the IGRA tests have differing sensitivity and specificity
[247,248,286,291]. As these disadvantages may vary in certain groups, recommendation of which test to use in each
situation can be a foggy area.

More literature directly comparing TSTs to IGRAS is needed to improve decision making on situational use
of either test in immigrants. Licensing of LTBI diagnostic tests stem from estimation of sensitivity using TB as a
surrogate marker; future studies evaluating these tests would be wise to include active TB detection rates, especially
in age-specific strata, where decisions to screen are still cloudy. Ideally the comparison would look at LTBI
diagnosis, treatment, and long-term development of active TB. Performing longitudinal studies on new immigrants
is made increasingly difficult when considering cultural differences, fear of refusal of citizenship should they

become ill, language barriers, and further difficulties in gaining a permanent residence. Culturally sensitive,
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engaging studies, explained clearly to the participants in their chosen language are required to truly estimate long-
term active TB development in immigrants.

This chapter took a qualitative approach to answer questions about LTBI outcomes and positivity rates
between different TB endemicities and age classes. A quantitative meta-analysis could be utilized to explore
possible relationships between TST and IGRA positivity rates in gender, country of origin, and more specific age
classes across several studies, although given that many studies do not provide raw, comparative data, advanced

methodologies would need to be used.

2.5 Conclusions

Compared to TST, significantly fewer immigrants tested positive with the IGRA and thus were considered
for preventative treatment. The IGRA performs similarly to the TST in active TB detection, and more IGRA positive
immigrants develop active TB long-term, lending evidence to its expanded use in regular LTBI screening, however
with so few studies in this area, more are required to draw more robust conclusions. Children/adolescents and
immigrants from low TB incidence countries have a lower prevalence of positive test results than adults and
immigrants from high TB incidence countries, respectively. More comparative longitudinal studies are required to
improve screening decisions in immigrant populations, as this would be as close to gold-standard evidence for

policy as possible.
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2.6 Tables

Table 2-1. Characteristics of the included studies

Study Immigrant Time of Stud Number of Mean Age Gender Country/Region BCG Vaccinated SIGN
(Publication Year) Class Y Included Participants (Years) (% Male) (% Distribution)® (% Vaccinated)¢ Score®
39% Indian Subcontinent, 29%
Levesque et al [101] February to October Sub-Saharan Africa, 11% o High Quality
(2004) FETEE 1999 el e e Eastern Europe, 10% South D 8
America, 11% Other
Trauer et al [254] February 2006 to a 59% Africa, 22% Middle East, High Quality
(2011) Refugee January 2009 458 15 a4 19% Southeast Asia Not reported 8
. 73% Sub-Saharan Africa, 23% - :
L|fsor(12%togl) =) Refugee 1999 2249 23 53 Eastern Europe, 3% Southeast Not reported bl (guallty
Asia, 1% Other
; 87% Sub-Saharan Africa, 5% . .
Tafu r(IZ%tﬁl) [256] Refugee March to April 2009 982 25 86 Middle East, 4% Asia, 4% Not reported High (83uallty
North Africa
: 27% Nigeria, 13% Mali, 8% . .
SEM TENEEED EIE [ 2o1] Immigrant 1998 2216 254 89 Sierra Leone, 7% Congo, 45% Not reported U] GITEE
et Other Africa .
Perez-Stable et al [258] . August 1983 to March 37% EI Salvador, 30% Mexico, o High Quality
(1986) Immigrant 1984 1232 28 56 19% Nicaragua, 14% Other 42% 8
Menzies et al [259] . " 65% Highly Endemic Regions, @ High Quality
(1992) Immigrant 1990 1198 21.3 N/A 3506 Other 33% 8
. 40% Sub-Saharan Africa, 23% . .
EI—Han}ezlg(;eI)aI [260] Immigrant April 1922;‘; October 993 All Ages® 58 Eastern Europe, 16% North Not reported High guallty
Africa, 21% Other
Asgary et al [261] ’ 65% Africa, 23% Central High Quality
(2011) Immigrant 2007 to 2008 43 38.7 48 America, 12% Other Not reported 8
RObert?cl’g;g)a' 262] Immigrant November 1992 121 35 78 100% Vietnam 0% High g“a”ty
Padovese et al [263] . December 2010 to June 83% Somalia, 8% Eritrea, 9% High Quality
(2013) Immigrant 2011 500 26.5 81 Other 19% 7

®Median age, "Median/Mean age not provided

“Percent distribution of country of origin of included study participants, “Total percent of included participants who were BCG vaccinated, where data is available
¢High quality: low risk of bias, prospective study (score 6-8); Acceptable Quality: low risk of bias, retrospective study (score 6-8)
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Table 2-1. Continued

Study Immigrant Time of Stud Number of Mean Age Gender Country/Region BCG Vaccinated SIGN
(Publication Year) Class Y Included Participants (Years) (% Male) (% Distribution)® (% Vaccinated)? Score®
39% Sub-Saharan Africa, 22% . .
Carvalieiel Lt Immigrant iz iy Dzl 213 27 70 North Africa, 15% Eastern Not reported el el
(2005) 2001 8
Europe, 24% Other
Alperstein et al [264] . b 52% South Asia, 15% Middle o High Quality
(1996) Immigrant 1992 to 1996 353 3-9 N/A East, 33% Other 76% P
33% Established Market
. . Economy, 19% Western . .
MmOd'éroig)al e Immigrant 1997 to 2007 3401 12.2 52 Pacific, 13% Eastern Europe, Not reported A (?uallty
10% Southeast Asia, 25%
Other
33% Former Soviet Union,
Geltman et al [265] July 1995 to June 19b 14% Former Yugoslavia, 11% High Quality
(2001) Refugee 1998 L3 0-17 52 Africa, 10% East Asia, 32% Not reported 8
Other
; 38% East Africa, 19% Central . .
Shelk?zggg; 12zl Refugee D':::?rlnig(r)szct)%ﬁ 216 0-17° 47 Africa, 19% Western Africa, Not reported S (guallty
16% Asia, 8% Middle East
Grayééfz')[zm] Refugee M zggiéo June 328 0.5-17.5° 54 N/A Not reported High g“a“ty
Losi et al [268] . January 2006 to 40% Africa, 27% Eastern High Quality
(2011) ipgiEre December 2008 e - bl Europe, 33% Other Mo iz 6
49% Americas, 25% Eastern
Hladun et al [269] . February 2001 to b Mediterranean, 17% Western High Quality
(2014) Immigrant " o ary 2005 309 215 58 Pacific, 7% Southeast Asia, 106 Ot reported 7
Africa, 1% Europe
29% Romania, 15% Morocco,
BRSO Gl 1) ) Immigrant AR el 1D 26,554 All Ages 59 11% Sub-Sahara, 9% Nigeria, Not reported Regspril
(2013) December 2010 6% Albania, 30% Other 8
Kowatsch-Beyer et al [271] 2 55% Africa, 31% Southeast Acceptable
(2013) Refugee 2008 224 30 52 Asia, 13% East Asia, 1% Other Not reported 7

®Median age, "Median/Mean age not provided
“Percent distribution of country of origin of included study participants, “Total percent of included participants who were BCG vaccinated, where data is available

¢High quality: low risk of bias, prospective study (score 6-8); Acceptable Quality: low risk of bias, retrospective study (score 6-8)
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Table 2-1. Continued

Study Immigrant Time of Stud Number of Mean Age Gender Country/Region BCG Vaccinated SIGN
(Publication Year) Class Y Included Participants (Years) (% Male) (% Distribution)® (% Vaccinated)? Score®
; 60% Sub-Saharan Africa, 20%
b D @ [ 22 Refugee L 2033 All Ages® 52 North Africa, 10% South Asia, Not reported ReEEpEil
(2006) December 2004 10% Other 8
Varkey et al [273] January 1997 to b 67% Africa, 27% Europe, 6% Acceptable
(2007) Refugee December 2001 9842 All Ages 52 Asia Not reported 8
Maclntzllrgge;)al 2] Refugee iy 1981995%January 938 33 54 Southeast Asia Not reported Accegtable
Chai et al [275] Asylum Seeker September 2003 to ¢ af ¢ 59% Africa, 41% Other and 63% Acceptable
(2013) and Refugee August 2007 115 and 496 22 and 31 50 and 59 Africa, 37% Otherf Not reported 8
19% Iran, 16% Afghanistan, 15%
el el [ Refugee LA ) 869 All Ages® 68 Sri Lanka, 15% Czech Republic, Not reported ReEEpEil
(2002) December 2000 8
35% Other
Bran et al [277] . b 77% Africa, 11% South America, Acceptable
(2006) Immigrant 2001 728 <35 78 8% Asia, 4% Other Not reported 8
14% Dominican Republic, 9%
Lietal [278] 5 January 2002 to b China, 8% Ecuador, 6% Jamaica, o Acceptable
(2010) s August 2004 AEL Pl & 6% Mexico, 6% Haiti, 4% SR 8
Colombia, 47% Other
Desale et al [279] . 27% Mexico, 16% EI Salvador, Acceptable
(2013) Immigrant 2006 to 2010 391 34 63 15% Honduras, 42% Other Not reported 8
Truor‘gg;?)' [280] Immigrant 1992 to 1994 160 30° 53 45% India, 43% Tibet, 12% Other Nt reported Accegtab'e

*Median age, "Median/Mean age not provided
“Percent distribution of country of origin of included study participants, “Total percent of included participants who were BCG vaccinated, where data is available
¢High quality: low risk of bias, prospective study (score 6-8); Acceptable Quality: low risk of bias, retrospective study (score 6-8)
fFor asylum seeker and refugee, respectively
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Table 2-1. Continued

Study Immigrant Time of Stud Number of Mean Age Gender Country/Region BCG Vaccinated SIGN
(Publication Year) Class Y Included Participants (Years) (% Male) (% Distribution)® (% Vaccinated)® Score®
45% Asia, 24%
Mulder et al [281] . April 2009 to b Europe/Americas, 16% Sub- o Acceptable
(2013) Ll March 2011 59 218 = Saharan Africa, 15% North e 7
Africa/Middle East
48% East Africa, 17% Former
Hayeﬁles;[gagl) 282] Refugee JDagcuear%:eL?%;g 128 10 58 Yugoslavia, 13% Former Soviet Not reported Accegtable
Union, 22% Other
n 51% Western Pacific, 14%
it ?Z%to"’;') [283] Immigrant g‘ggj&igfggé‘l’ 515 0.3-19° 28 Americas, 14% Southeast Asia, 73% Accegtab'e
9% Europe, 12% Other
Brassa(rzdo(e)%;ll [284] Immigrant ?g‘iingqt?:trgggg 2524 4-18° N/A N/A Not reported Accegtable
Bodenmann et al [285] . January to July 51% Latin America, 19% Sub- High Quality
(2009) LA 2007 — e e Saharan Africa, 30% Other gl 158 8
60% Indian Subcontinent, 20% . .
Pareeégtlf; [207] Immigrant Ja”ﬁryzzgfg to 1229 <35b 49 Sub-Saharan Africa, 13% Other 43% High gua“ty
Y Asia, 7% Other
46% Asia, 24%
Mulder et al [286] . April 2008 to Europe/Americas, 15% Sub- High Quality
(2012) s March 2011 e o 45 Saharan Africa, 15% North Mo gl 8
Africa/Middle East
Garfein et al [287] Immigrant October 2008 133 358 37 75% Oaxca Mexico, 25% Other 76% High Quality
(2011) Mexico 8
Harstad et al [288] Asylum September 2005 b 45% Asia, 42% Africa, 13% High Quality
(2010) Seeker to June 2006 = 18 B Europe DL 7
Bennett et al [289] January 2010 to a 87% Middle East, 7% Asia, 6% Acceptable
(2014) Refugee October 2012 4280 81 503 Sub-Saharan Africa Not reported 7
Banfle(lgoeltze)ll [290] Refugee g:g:ggg?ggég 1004 19.8 49 92% Africa, 8% Asia Not reported Accegtable
Simpson et al [291] . January 2008 to 42% Burma, 16% Bhutan, 9% Acceptable
(2013) Immigrant June 2009 533 29 49 Iraq, 33% Other Not reported 7

*Median age, "Median/Mean age not provided
“Percent distribution of country of origin of included study participants, “Total percent of included participants who were BCG vaccinated, where data is available
¢High quality: low risk of bias, prospective study (score 6-8); Acceptable Quality: low risk of bias, retrospective study (score 6-8)
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Table 2-1. Continued

Study Immigrant Time of Stud Number of Mean Age Gender Country/Region BCG Vaccinated SIGN
(Publication Year) Class Y Included Participants (Years) (% Male) (% Distribution)® (% Vaccinated)? Score®
Paxton et al [292] July 2006 to b . Acceptable

(2012) Refugee October 2009 810 All Ages 50 Karen refugees (Thailand/Burma) Not reported 8
Orlando et al [293] . July 2005 to July 2 50% Latin America, 27% Eastern High Quality

(2010) Immigrant 2007 899 TST, 1115 IGRA 35.3 44 Europe, 16% Africa, 7% Asia 6% 7

Saracino et al [294] . September 2004 to 48% Africa, 47% Eastern High Quality

(2009) i) December 2005 2 2l 89 Mediterranean, 5% Other (i e 8

Baker et al [295] July 2006 to March 2 76% Somalia, 13% Ethiopia, 11% High Quality
(2009) Refugee 2007 195 19 34 Other Not reported 8

Welnfur(tz%'lit) 2l Refugee A2 zo%ég IS 594 All Ages® 52 Only Ethnicities Reported 92% i (guallty

Pottumarthy et al [297] November 1996 to a High Quality
(1999) Refugee February 1998 237 28 N/A N/A Not reported 7

35% Sub-Saharan Africa, 22% . .
Car"a'?z%g%"' 298] Immigrant Ja””azrg)’gg b4 57 100 280 75 Eastern Europe, 21% Asia, 16% 64% sl g“a"ty
North Africa, 6% Other

Winje et al [299] Asylum September 2005 to 912 298 71 46% Asia, 36% Africa, 17% 720 High Quality

(2008) Seeker June 2006 Europe, 1% Other 6
Painter et al [300] n December 2008 to b 8 High Quality

(2013) Immigrant January 2010 479 >15 48 Vietnam 100% 8

*Median age, "Median/Mean age not provided

“Percent distribution of country of origin of included study participants, “Total percent of included participants who were BCG vaccinated, where data is available

®High quality: low risk of bias, prospective study (score 6-8); Acceptable Quality: low risk of bias, retrospective study (score 6-8)
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Table 2-2. Diagnostic data from the TST and IGRA studies with outcomes data

Number of Recommended . . . Active TB Case
Study Test Type Included Testing Positive TSTTesting Negative LTBI Testalga%r(])(s)is:ﬁewIt?e':\t(izﬂgeNzgative Detection®
Participants Treatment® (per 1000)
Levesque et al [101] TST 197 49 (25%) 148 (75%) 35 - - -
Trauer et al [254] TST 458 146 (32%) 312 (68%) 121 - - -
Lifson et al [255] TST 2249 1059 (47%) 1190 (53%) - 13 - 12.2
Tafuri et al [256] TST 982 596 (61%) 386 (39%) 596 7 7 11.7
Sanfrancisco et al [257] TST 2216 722 (32%) 1494 (68%) - 2 2.8
Perez-Stable et al [258] TST 1232 650 (53%) 582 (47%) - 2 - 3.1
El-Hamad et al [260] TST 993 392 (39%) 601 (61%) - 8 - 20.4
Padovese et al [263] TST 500 248 (50%) 252 (50%) 19 - - -
Carvalho et al [100] TST 213 124 (58%) 89 (42%) 55 - - -
Minodier et al [127] TST 3401 777 (23%) 2624 (77%) 573 0 0 0
Gray et al [267] TST 328 92 (28%) 236 (72%) 81 11 - 119.6
Losi et al [268] TST 621 104 (17%) 517 (83%) - 4 - 38.5
Varkey et al [273] TST 9842 4990 (51%) 4852 (49%) 2446 36 5 7.2
Maclntyre et al [274] TST 938 561 (60%) 377 (40%) 124 0 - 0
Chai et al [275] TST 611 239 (39%) 372 (61%) 184 - - -
Hobbs et al [276] TST 869 316 (36%) 553 (64%) 160 4 - 12.7
Bran et al [277] TST 728 351 (48%) 377 (52%) 61 - - -
Desale et al [279] TST 391 164 (42%) 227 (58%) 101 - - -
Truong et al [280] TST 160 154 (96%) 6 (4%) 110 0 - 0
Hayes et al [282] TST 128 45 (35%) 83 (65%) - 1 - 22.2
Brassard et al [284] TST 2524 542 (21%) 1982 (79%) 375 - - -
Pottumarthy et al [297] TST 237 86 (36%) 151 (64%) - 0 - 0
Bodenmann et al [285] T-SPOT.TB 125 24 (19%) 101 (81%) 14 2 - 83.3
Garfein et al [287] QFT-GIT 133 53 (40%) 80 (60%) - 0 - 0
Harstad et al [288] QFT-GIT 823 246 (30%) 577 (70%) 8 8 1 325
Bennett et al [289] QFT-GIT 4280 916 (21%) 3364 (79%) 489 14 - 15.3
Banfield et al [290] QFT-G & QFT-GIT 1004 264 (26%) 740 (74%) - 8 - 30.3
Pottumarthy et al [297] QFT 237 71 (30%) 166 (70%) - 0 - 0

TST: Tuberculin Skin Test; QFT: QuantiFERON; QFT-G: QuantiFERON-Gold; QFT-GIT: QuantiFERON-Gold-In-Tube
2Recommended treatment with a positive TST or IGRA, In those testing positive
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Table 2-3. Diagnostic data from the TST and IGRA studies with age-specific data

Study Test Type Number of Included <18 years of age >18 years of age
Participants Testing Positive (%) Testing Negative (%) Testing Positive (%) Testing Negative (%)
Asgary et al [261] TST 43 - - 24 (56%) 19 (44%)
Robertson et al [262] TST 121 - - 35 (29%) 86 (71%)
Padovese et al [263] TST 500 - - 248 (49%) 252 (51%)
Carvalho et al [100] TST 213 - - 124 (58%) 89 (42%)
Alperstein et al [264] TST 353 99 (28%) 254 (72%) - -
Minodier et al [127] TST 3401 777 (23%) 2624 (77%) - -
Geltman et al [265] TST 1737 440 (25%) 1297 (75%) - -
Sheikh et al [266] TST 216 71 (33%) 145 (67%) - -
Gray et al [267] TST 328 92 (28%) 236 (72%) o -
Losi et al [268] TST 621 104 (17%) 517 (83%) - -
Kowatsch-Beyer et al [271] TST 224 - - 102 (46%) 122 (54%)
Desale et al [279] TST 391 - - 164 (42%) 227 (58%)
Truong et al [280] TST 160 - - 154 (96%) 6 (4%)
Mulder et al [281] TST 643 - - 273 (42%) 370 (58%)
Hayes et al [282] TST 128 45 (35%) 83 (65%) - -
Carvalho et al [298] TST 100 - - 44 (44%) 56 (56%)
Winje et al [299] TST 912 - - 311 (34%) 601 (66%)
Pareek et al [207] QFT-GIT 36 and 6042 7 (19%) 29 (81%) 152 (25%) 452 (75%)
Mulder et al [286] QFT-GIT 1468 - - 296 (20%) 1172 (80%)
Garfein et al [287] QFT-GIT 133 - - 53 (40%) 80 (60%)
Harstad et al [288] QFT-GIT 823 - - 246 (30%) 577 (70%)
Simpson et al [291] QFT-GIT 87 and 2722 6 (7%) 81 (93%) 93 (34%) 179 (66%)
Paxton et al [292] QFT-G 208 and 602* 33 (16%) 175 (84%) 163 (27%) 439 (73%)
Carvalho et al [298] QFT-G 100 - - 15 (15%) 85 (85%)
Winje et al [299] QFT-GIT 912 - - 264 (29%) 648 (71%)

TST: Tuberculin Skin Test; QFT: QuantiFERON; QFT-G: QuantiFERON-Gold; QFT-GIT: QuantiFERON-Gold-In-Tube
aValues for those tested who were <18 and >18 years of age, respectively.



Table 2-4. Diagnostic data from the TST and IGRA studies with incidence-specific data, stratified according to several cut-offs

Number of Included

Study Test Type Participants Testing Positive Testing Negative Testing Positive Testing Negative
<10 cases per 100,000 persons >10 cases per 100,000 persons
Desale et al [279] TST 1 and 307? 0 (0%) 1 (100%) 153 (50%) 154 (50%)
Simpson et al [291] QFT-GIT 16 and 484° 0 (0%) 16 (100%) 166 (34%) 318 (66%)
<30 cases per 100,000 persons >30 cases per 100,000 persons
Alperstein et al [264] TST 27 and 326° 5 (19%) 22 (81%) 94 (29%) 232 (71%)
Minodier et al [127] TST 1091 and 2229° 29 (3%) 1062 (97%) 743 (33%) 1486 (67%)
Martin et al [272] TST 616 and 1517° 289 (47%) 327 (53%) 789 (52%) 728 (48%)
Lietal [278] TST 3356 and 17,250° 950 (28%) 2406 (72%) 7203 (42%) 10,047 (58%)
Desale et al [279] TST 117 and 191° 58 (49%) 59 (51%) 95 (50%) 96 (50%)
Simpson et al [291] QFT-GIT 16 and 484° 0 (0%) 16 (100%) 166 (34%) 318 (66%)
<50 cases per 100,000 persons >50 cases per 100,000 persons
Lifson et al [255] TST 585 and 1952° 250 (43%) 335 (57%) 987 (51%) 965 (49%)
Menzies et al [259] TST 418 and 780° 89 (21%) 329 (79%) 288 (37%) 492 (63%)
Carvalho et al [100] TST 24 and 57°¢ 15 (63%) 9 (37%) 36 (63%) 21 (37%)
Alperstein et al [264] TST 38 and 315° 8 (21%) 30 (79%) 91 (29%) 224 (71%)
Minodier et al [127] TST 1479 and 1841° 175 (12%) 1304 (88%) 597 (32%) 1244 (68%)
Geltman et al [265] TST 31 and 1705¢ 8 (26%) 23 (74%) 431 (25%) 1274 (75%)
Hladun et al [269] TST 152 and 157° 32 (21%) 120 (79%) 55 (35%) 102 (65%)
Baussano et al [270] TST 4114 and 22,440° 1119 (27%) 2995 (73%) 8061 (36%) 14,379 (64%)
Martin et al [272] TST 670 and 1463° 314 (47%) 356 (53%) 764 (52%) 699 (48%)
Varkey et al [273] TST 2543 and 7299¢ 1096 (43%) 1447 (57%) 3894 (53%) 3405 (47%)
Bran et al [277] TST 81 and 624° 22 (27%) 59 (73%) 302 (48%) 322 (52%)
Lietal [278] TST 5830 and 14,776° 1915 (33%) 3915 (67%) 6238 (42%) 8538 (58%)
Desale et al [279] TST 187 and 121° 92 (49%) 95 (51%) 61 (50%) 60 (50%)
Mulder et al [281] TST 156 and 487° 64 (41%) 92 (59%) 209 (43%) 278 (57%)
Hayes et al [282] TST 5 and 123° 0 (0%) 5 (100%) 45 (37%) 78 (63%)
Pareek et al [207] QFT-GIT 50 and 1179° 2 (4%) 48 (96%) 243 (21%) 936 (79%)
Mulder et al [286] QFT-GIT 376 and 1086° 48 (13%) 328 (87%) 267 (25%) 819 (75%)
Harstad et al [288] QFT-GIT 103 and 693° 18 (17%) 85 (83%) 224 (32%) 469 (68%)
Simpson et al [291] QFT-GIT 63 and 437°¢ 6 (10%) 57 (90%) 160 (37%) 277 (63%)
Winje et al [299] QFT-GIT 115 and 789° 22 (19%) 93 (81%) 241 (31%) 548 (69%)

TST: Tuberculin Skin Test; QFT: QuantiFERON; QFT-G: QuantiFERON-Gold; QFT-GIT: QuantiFERON-Gold-In-Tube

®Values listed for those from countries with incidences <10 cases per 100,000 persons and >10 cases per 100,000 persons, respectively
®Values listed for those from countries with incidences <30 cases per 100,000 persons and >30 cases per 100,000 persons, respectively
“Values listed for those from countries with incidences <50 cases per 100,000 persons and >50 cases per 100,000 persons, respectively



Table 2-5. Diagnostic data and concordance of the studies that used both the TST and IGRA in immigrants

Study IGRA Number of Included TST IGRA Concordance
Platform Participants Testing Positive (%)  Testing Negative (%)  Testing Positive (%) Testing Negative (%) (x)
Orlando et al [293] QFT-GIT 899 TST, 1115 IGRA 407 (45%) 492 (55%) 337 (30%) 778 (70%) Data not provided
Saracino et al [294] QFT-GIT 279 72 (26%) 207 (74%) 107 (38%) 172 (62%) Fair (0.346)
Baker et al [295] QFT-GIT 195 108 (55%) 87 (45%) 105 (54%) 90 (46%) Moderate (0.555)
Weinfurter et al [296] QFT-GIT 594 271 (46%) 323 (54%) 171 (29%) 423 (71%) Moderate (0.461)
Pottumarthy et al [297] QFT 237 86 (36%) 151 (64%) 71 (30%) 166 (70%) Moderate (0.554)
Carvalho et al [298] QFT-G 100 44 (44%) 56 (56%) 15 (15%) 85 (85%) Fair (0.367)
Winje et al [299] QFT-GIT 912 311 (34%) 601 (66%) 264 (29%) 648 (71%) Moderate (0.506)
Painter et al [300] QFT-GIT 479 236 (49%) 243 (51%) 161 (34%) 318 (66%) Fair (0.316)

TST: Tuberculin Skin Test; QFT: QuantiFERON; QFT-G: QuantiFERON-Gold; QFT-GIT: QuantiFERON-Gold-In-Tube
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2.7 Figures

Figure 2-1. Flow diagram of the literature search

4990 records identified

2365 records were duplicates and removed

2266 records excluded due to title
and/or abstract

s
“1
L 4
2625 records screened
A 4
359 full-text articles assessed
for eligibility

N

f

51 studies included in
qualitative analysis

308 full-text articles excluded due to:

» Abstract only / no full text (N=92)

* No English translation (N=38)

+ Study not in foreign-born (N=43)

+ Study did not use IGRA or TST (N=52)

* TST cut-off was not 10mm (N=15)

* Missed duplicate (N=13)

* Data provided not relevant / useable (N=55)
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CHAPTER 3. LATENT TUBERCULOSIS INFECTION
SCREENING IN IMMIGRANTS TO LOW-INCIDENCE
COUNTRIES: A META-ANALYSIS?

3.1 Background

After significant declines in the incidence of TB in many high-income countries, TB persists in these
regions, in large part related to immigration of persons from high TB incidence regions [238,304]. New immigrants
to low-incidence countries have much higher rates of developing active TB compared to the general population
[304]. The highest incidence of TB occurs within the first 5 years post-arrival, but many develop TB years after
migration [244]. The high incidence of TB in immigrants, coupled with the majority of all TB cases attributed to
immigrants, have highlighted the need to reconsider TB screening methods in low-incidence countries [3,205].
Recent literature regarding TB screening of immigrants shows much variation between national screening
procedures [241-243]. Many countries employ different criteria for screening new immigrants for active TB and
LTBI, while nearly one half of low-incidence countries do not have a LTBI screening program in place [241].

The diagnosis of LTBI relies on a combination of medical history, immune assays, and chest radiography.
The backbone of LTBI diagnostics are the immune assays, including the TST and the newer IGRAs [108]. The TST
is an inexpensive and sensitive method for LTBI testing, but has poor specificity in BCG-vaccinated individuals
[305]. IGRAs do not suffer from the same false-positive results in BCG-vaccinated individuals and only require one
visit, however long-term evidence to support their use is less robust and they are more expensive [247]. The
determination of which test to use is a topic of current debate, with the increased cost of the IGRA only justifiable if
it is more cost-effective than the TST.

For clinicians and policy makers, deciding on whom and how to screen for LTBI is a difficult choice
marred by the lack of a gold standard test, different test costs, failure to accept and/or return for testing, and
uncertainty as to the population of highest priority. In chapter 2, we conducted a qualitative systematic review where

we highlighted the lack of definitive knowledge in immigrant LTBI diagnosis. The review evaluated screening

2Adapted with permission from: Campbell JR, Chen W, Johnston J, Cook V, Elwood K, Krot J, Marra F. Latent
tuberculosis infection screening in immigrants to low-incidence countries: a meta-analysis. Mol Diagn Ther
2015;19(2):107-17
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outcomes, concurrent TST and IGRA performance, and test behaviour by age and TB incidence. In building upon
this work this chapter aims to quantitatively explore associations implied by the results of the review and attempt to
discern the implications. The primary outcome of this meta-analysis was to explore concurrent TST and IGRA in
terms of positive test prevalence and concordance as well as each test’s behaviour in immigrants from varying TB
incidence levels. Secondary outcomes assessed were recommendation of LTBI treatment and possible predictors of

diagnostic test positivity by TST and IGRA, exclusive of each other.

3.2 Methods
3.2.1 Literature Search Strategy and Study Selection

A literature search (January 1980-April 2014) was performed in eight electronic databases including:
MEDLINE, EMBASE, Cochrane Central Register of Controlled Trials, Cochrane Database of Systematic Reviews,
CAB Direct, CINAHL, Web of Knowledge, and PubMed. The searches varied with each database, however key
Medical Subject Headings used were: tuberculosis, immigrants and emigrants, immigration and emigration,
refugees, tuberculin test, interferon gamma release tests, and mass screening. The Web of Knowledge search
strategy utilized was: (“immigra*” OR “refugee*” OR “migra*” OR “foreign born*”’) AND (“tuberculosis”) AND
(“test*” OR “screen*”). | performed the literature search. Uncertainty and revisions were discussed with Dr. Marra.

Inclusion criteria applied to the studies ensured that: the study took place in a low TB incidence country
(defined as <30 culture positive cases per 100,000 persons) [3]; TST, ELISA and/or ELISPOT based IGRA were
used; the study population included immigrants or listed results for immigrant populations; data were stratified by at
least one of gender, age, country of origin, BCG status or test result; a 10 mm induration diameter was used as a cut-
off for a positive TST; and the TST was read between 48 and 72 h after administration. Exclusion criteria applied to
this meta-analysis were: self-reported results; immunocompromised populations—including HIV; and the use of

outdated TST techniques.

3.2.2 Data Extraction

Jane Krot and | extracted the data independently. Discrepancies were resolved through discussion and, if
necessary, Dr. Marra made the final decision. Data extracted from the studies included the location and date of the

study, total number of participants included in the analysis, age, gender, country of origin, type of testing, BCG
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vaccination, TST and/or IGRA results, TST induration diameter cut-off, and test results by age, gender, incidence in

country of origin, and BCG status where possible.

3.2.3 Study Quiality

The review was conducted according to the PRISMA statement [252] and study quality was assessed using
the SIGN Methodology Checklist for Studies of Diagnostic Accuracy [253], a commonly used grading system for
diagnostic studies. Due to the lack of a gold standard test, only certain aspects of the grading system were used,
including evaluation of: how patients were enrolled, appropriateness of selected patients, how patients were

excluded, the final number of included patients in the analysis, and reading of the diagnostic test.

3.2.4 Data Analysis
3.2.4.1 Primary Analysis

Four different commercially available IGRA tests: QFT, QFT-G, QFT-GIT (QIAGEN Inc, Valencia, CA)
and T-SPOT.TB (Oxford Immunotec, Oxford, UK) were pooled in this analysis, to maximize data due to lack of
available data surrounding the use of the QFT, QFT-G, and T-SPOT.TB in immigrant populations.

Our primary analysis consisted of creating a forest plot for the logit-transformed proportions (e.g. log-odds)
of positive test prevalence for studies comparing the TST and IGRA in the same immigrants using a random effects
model in Review Manager 5 (The Cochrane Collaboration, Oxford, UK).

To further explore the relationship between the TST and IGRA, concordance between the TST and IGRA
was assessed using the kappa statistic as a measure of test agreement. This was carried out using Stata software,
version 12.1 (StataCorp, College Station, TX).

Evaluation of test positivity based on TB incidence in country of origin was carried out in a random-effects
meta-regression using Stata and visualized graphically based on cut-points of <30 cases per 100,000 persons, 30-99

cases per 100,000 persons, 100—199 cases per 100,000 persons, and >200 cases per 100,000 persons [3,96].

3.2.4.2 Secondary Analysis

Studies reporting recommendation of LTBI treatment in those tested with a TST or IGRA were meta-

analyzed using Stata for proportion of immigrants testing positive and the proportion of positive immigrants
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recommended treatment, respectively. Logit-transformed proportions were used in the random-effects meta-analysis
and the weighted-pooled point estimates were back-transformed into proportions.

To further understand the behaviour of the TST and IGRA, forest plots for the logit-transformed
proportions of positive test prevalence of each identified predictor were created. Positivity rates for the TST and
IGRA were explored by: gender (male vs. female), BCG status (vaccinated vs. unvaccinated), TB incidence in
country of origin (moderate to very high, >30 cases per 100,000 persons vs. low, <30 cases per 100,000 persons),
and age (<35 years old vs. >35 years old) in corresponding subgroup analyses. TB incidence in country of origin
was subjected to a sensitivity analysis using low-end cut-points of <10 cases per 100,000 persons [70] and <50 cases
per 100,000 population [249] due to the varying definitions seen worldwide. Using a random effects model, Review
Manager 5 was used to perform the subgroup analyses.

Heterogeneity was assessed using the I? statistical test. Heterogeneity was defined as low (1% < 33%),
moderate (33% < 1% < 66%), and high (1 > 66%) [306]. For measures in the moderate or high region, interpretation
was tempered and further investigation into the source of heterogeneity was performed. To discover the source of
heterogeneity, a similar method to one employed by Rangaka et al. [25] was used. Investigation was undertaken by
stratifying by: study quality (high quality, prospective vs. acceptable, retrospective), country income (high vs. low
and moderate), TB incidence per 100,000 persons for the majority of participants (<30 cases vs. >30 cases), age of
the majority of participants (<18 years vs. >18 years), and type of IGRA platform used. If heterogeneity could not be
described by any of these criteria, we stressed caution on interpreting the result. Jackknife sensitivity analysis was

performed for each meta-analysis to determine the effect on the odds ratio (OR) of study removal.

3.3 Results
3.3.1 Studies ldentified

As shown in Figure 3-1, 45 studies were ultimately included in the various analyses. Twenty-nine of the
included studies received a high quality grade [100,101,127,207,254-259,262—-265,267—-269,285-288,294-300,307]

while 16 received an acceptable grade [270,272-284,289,291] according to the SIGN quality assessment.
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3.3.2 Primary Results

3.3.2.1 Concurrent Testing: Positive Test Prevalence, Concordance, and Discordance in the

TST and IGRA

Eight studies compared TST and IGRA test positivity [268,294-300] with one using the original QFT
[296], one using QFT-G [298], and remaining using QFT-GIT. Pooled results demonstrate significantly increased
odds of a positive TST compared to IGRA (OR 1.46; 95% CI 1.07-2.01) (Figure 3-2) although heterogeneity was
high (1> = 87%). Removal of individual studies [296,298,300] through jackknife analysis rendered the conclusion
insignificant. Analysis of the six studies using the QFT-GIT vyielded no difference between the TST and QFT-GIT
(OR 1.31; 95% CI 0.93-1.85; p = 0.13; 12 = 89%). These results suggest the IGRA has conditional added value in
immigrant LTBI screening.

Seven studies compared TSTs and IGRAs in terms of concordant and discordant results [294-300].
Concordance of TST and IGRA was moderate (x 0.45; 95% CI 0.38-0.52), although there was high heterogeneity
(12 = 76%) in this result. Age as a predictor for test discordance was reported in four studies [268,295,296,298] with
conflicting evidence. Two studies [296,298] found no difference in test discordance among age groups, while the
remaining studies saw decreasing discordance with age [268,295]. Our results suggest test sensitivity at younger

ages plays a role in test discordance.

3.3.2.2 Test Positivity by TB Incidence in Country of Origin

Seventeen studies allowed for calculation of prevalence of positive TST by TB incidence within the
immigrants’ country of origin [100,127,254,255,257,258,262,264,265,269,272,273,277-279,281,282]. The
prevalence of positive TST was 19.9% (95% CI 4.4-57.2%) in immigrants from <30 cases, was 38.5% (95% ClI
32.3-45.0%) in immigrants from 30-99 cases, was 32.7% (95% CI 28.3-37.5%) in immigrants from 100-199 cases,
and was 41.6% (95% CIl 35.7-47.8%) in immigrants from >200 cases per 100,000 population. There was no
significant difference between TST positivity and TB incidence between the 30—99, 100-199, and >200 cases per
100,00 population levels (p > 0.05), while there was a significant increase in TST positivity going from <30 cases to
30-99 cases per 100,000 population (p =0.05). A bubble plot and prediction interval for TST positivity by TB

incidence is shown in Figure 3-3.
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Five IGRA studies allowed the same calculation as above [207,286,288,291,299]. The prevalence of
positive IGRA was 2.9% (95% CI 0.2-31.7%) in immigrants from <30 cases, was 15.9% (95% CI 12.6-19.8%) in
immigrants from 30-99 cases, was 20.3% (95% CI 18.4-22.3%) in immigrants from 100-199 cases, and 33.6% (95%
Cl 26.3-41.7%) in immigrants from >200 cases per 100,000 population. There were not enough studies in our lowest
group (<30 cases per 100,000 population) preventing any testing with this group. There was a significant increase in
IGRA positivity going from 100-199 cases to >200 cases per 100,000 population (p = 0.03), while no significant
change was noted going from 30-99 to 100-199 cases per 100,000 population (p > 0.05). Figure 3-4 displays the

bubble plot and prediction interval for IGRA positivity by TB incidence.

3.3.3 Secondary Results

3.3.3.1 Recommendation of LTBI Treatment

Three studies evaluated IGRA positivity and recommendations for LTBI treatment [285,288,289], while 15
performed the same analysis with the TST [100,101,127,254,256,263,267,273-277,279,280,284]. In IGRA studies,
a pooled estimate of 23.7% (95% CI 17.7-30.8%) tested positive with IGRA, with an estimate of 27.5% (95% ClI
4.2-76.6%) of those testing positive recommended LTBI treatment. A pooled estimate of 44.7% (95% CI 36.4—
53.3%) tested positive in TST-based studies, with 59.0% (95% CI 47.7-69.5%) of those recommended LTBI

treatment.

3.3.3.2 Predictors for a Positive TST

Twenty-three studies were included in the analysis of predictors for a positive TST. Of those included, 5
assessed age [254,257,258,278,281], 11 assessed gender [254,255,257,262,270,273,277-279,281,300], 5 assessed
TB incidence in country of origin [127,264,272,278,279], and 7 assessed BCG vaccination, one via BCG
vaccination schedule [278], three via self-reporting [259,264,307], and three via BCG scar [258,281,283].

Figure 3-5 demonstrates that age is a predictor of TST positivity resulting in a higher likelihood of a
positive TST in those >35 years of age (OR 1.59; 95% CI 1.32-1.92). Male gender was found to be a predictor of
TST positivity as shown in Figure 3-6 (OR 1.38; 95% CI 1.20-1.58). Those from moderate to very high TB
incidence countries are at increased odds of a positive TST (Figure 3-7) (OR 2.38; 95% CI 1.14-4.98). BCG-

vaccinated immigrants had a higher likelihood for a positive TST (OR 2.10; 95% CI 1.54-2.88) as seen in Figure 3-
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8. Jackknife analyses did not affect any of our conclusions, indicating the results are very robust, albeit
heterogeneous.

In our sensitivity analysis, 15 studies provided data on TB incidence in country of origin using <50 cases
per 100,000 as the low incidence cut-off [100,127,255,259,264,265,269,270,272,273,277-279,281,282] finding that
those from moderate to very high TB incidence countries are at increased odds of a positive TST (OR 1.71; 95% ClI
1.40-2.09). Using a low incidence cut off of <10 cases per 100,000 only included one study [279], with only one

participant falling into that category, not allowing for analysis.

3.3.3.3 Predictors for a Positive IGRA

Predictors for a positive IGRA were assessed in eight studies, with T-SPOT.TB [285] and QFT-GIT
[207,286-288,291,299,300] used. All studies assessed gender and one assessed TB incidence in country of origin
[291]. Males were found to have a higher likelihood of positive IGRAs (Figure 3-9) (OR 1.34; 95% CI 1.08-1.66).
With only one study comparing immigrants from low incidence to moderate to very high incidence TB countries, a
meta-analysis could not be performed. As a stand-alone study, however, an OR of 17.25 (95% CI 1.03-289.34) was
calculated for positive test results in those from moderate to very high TB incidence compared to low TB incidence
countries. The results of the gender analysis were robust, as jackknife analysis did not alter the conclusions.

In the sensitivity analysis evaluating varying definitions of low-incidence countries, using <50 cases per
100,000 resulted in five studies, all using the QFT-GIT, assessing TB incidence in country of origin being included
[207,286,288,291,299] with increased odds of a positive IGRA in those from moderate to very high TB incidence
countries (OR 2.26; 95% CI 1.79-2.87). Dropping the definition to <10 cases per 100,000 resulted in the same

conclusion initially garnered, with only one study included [291].

3.4 Discussion

The results of this meta-analysis suggest that the odds of a positive TST are 1.46 times the odds of a
positive IGRA in immigrant populations, although this result was highly heterogeneous and inconsistent when
including only studies using the QFT-GIT. IGRA and TST test agreement was moderate, with most discordance
coming from people testing positive with a TST and negative with an IGRA. The lack of BCG vaccination status
reporting in many studies prevents a clear link between vaccination and discordance, however we suspect BCG

vaccination is the cause of the differential behaviour of the TST and IGRA as TB incidence increases. We found that
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age >35 years, male gender, origin from a moderate to very high TB incidence country, and BCG vaccination
history were all independent predictors for a positive TST in immigrants. For IGRAs, male gender and origin from a
moderate to very high TB incidence country were associated with positivity, while lack of available studies
assessing similar age subgroups and BCG vaccination did not allow for further analysis in those receiving IGRASs.

Evaluating the proportion of those recommended LTBI treatment is useful as a benchmark expectation for
potential cost of screening immigrants, however given the different country guidelines regarding LTBI treatment
worldwide the applicability of this type of evaluation may be limited. Ideally we would have liked to have evaluated
person-years incidence rates of disease, stratified by test results, yet this was not possible to do as there were only
three long-term follow-up studies for active TB prevention. Two studies evaluated active TB development in those
tested with TST. In one study, five of 4990 TST-positive immigrants who were followed for 5 years developed
active TB [274]; in the second study, eight of 154 who were followed for 3 years developed active TB [280]. The
third study followed immigrants for approximately 2 years but evaluated the QFT-GIT test; nine of 238 positive
immigrants developed active TB [288]. More comparative studies, disaggregated by risk-factors, with an extended
follow up are required to fully understand the active TB risk in test-positive immigrant populations.

Building on the results of Chapter 2, this meta-analysis is the first to assess predictors for positive LTBI
diagnostic tests in exclusively immigrant populations and builds on the results of Chapter 2. Similar meta-analyses
have been performed in non-immigrant populations. Wang et al. [308] performed an analysis on a range of
populations and reported increased risk of a positive TST in BCG vaccinated compared to unvaccinated subjects
(relative risk 2.15; 95% CI 1.50-3.00), similar to the results reported here. A meta-analysis by Diel et al. [309] did
not find any significant association between IGRA positivity and BCG vaccination, a result not calculable in
immigrants in this study due to lack of available data.

Shortage of available studies and consistent age reporting did not allow us to calculate if age was a
predictor for positive IGRAs. It has been reported elsewhere that increasing age results in higher levels of
interferon-gamma production in non-immigrants [310,311]. IGRA sensitivity has been shown to vary with age, with
sensitivity lower in children aged <5 years [312], but decreasing past 30 years of age [313]. TST sensitivity also
varies by age, with estimates lower in children than in adults [24]. This age-dependent behaviour of diagnostic tests

may be the reason for decreasing discordance between tests as immigrant’s age. Further studies into the behaviour of
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each of these diagnostic tests in relation to age in immigrants is required as this has the ability to confer levels of
clinician confidence into screening results.

Obstacles exist to determining true test sensitivity and specificity in immigrant populations as studies
generally use low-risk populations to estimate specificity and use active TB as a surrogate to determine sensitivity
[24,34]. These values were estimated previously with limited data in Chapter 2. Next steps to answering these
questions could be to devise longitudinal studies evaluating TB development in immigrants tested for LTBI.

Policy makers should reconsider the use of the TST as standard practice in immigrant populations. BCG
vaccination is likely the culprit for the inflated number of positive TSTs as there is no significant difference between
test specificity in unvaccinated populations and test sensitivity is not significantly different between the TST and
versions of the QFT [24]. Furthermore, considering that many countries now employ dual testing in populations at
high risk for TST false positives (e.g. immigrants), the sole use of an IGRA may lead to time and money savings
[3,205].

Determining whether screening is necessary is aided by knowledge of test result predictors. The true value
of this knowledge, however, is only guantifiable through a cost-effectiveness analysis of screening in populations
with varying risk-factor profiles for test positivity. As of now, while several factors with statistically significant
associations with test results are identified, their clinical significance is uncertain.

This meta-analysis has several limitations. Comparing studies over a large time interval, given the trends of
TB infection worldwide, may muddle any TST to IGRA comparison. However, when we stratified study inclusion
based on our earliest IGRA study (pre- and post-1996) there were no significant differences, suggesting that
immigrant TB trends have not changed drastically over the past several decades. Our selection of a 10 mm cut-off
for inclusion, based on this being the most common standard used worldwide, can limit applicability of our results in
several populations, such as immunocompromised populations or children, which may use 5 mm or populations at
high risk of being BCG vaccinated in which a 15 mm cut-off is more commonly used, however this meta-analysis
was focused on generally healthy immigrant populations where 10 mm is the standard. Combination of several
IGRA platforms into one analysis is not ideal given the varying sensitivities and specificities of each test [24],
however this limitation is widely recognized [25,301,302] and the relatively limited IGRA data in this area

necessitated this.
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As in many meta-analyses, the low number of studies reporting diagnostic tests by age, gender, TB
incidence, and BCG limited the interpretation of results. The low number of studies reporting on immigrants from
low-incidence countries, especially studies using IGRASs, limited our evaluation of the relationship between TB
incidence and test positivity. Evaluation of sensitivity and specificity was not possible in these studies due to the
infrequent follow-up, lack of clarity on how LTBI was ultimately diagnosed, and lack of data available on those who
had a negative diagnostic test but were subsequently diagnosed with LTBI or active TB. Furthermore, there was
considerable heterogeneity among all analyses except when considering TB incidence in relation to IGRA positivity.
Only one study examined T-SPOT.TB; further studies into the test’s utility in immigrants are needed to allow

comparison of both IGRA diagnostic tests with the TST.

3.5 Conclusions

Immigrants are significantly more likely to test positive with a TST than an IGRA, however longitudinal
data on active TB development in immigrants are lacking. Further comparative studies are required to definitively
determine the most appropriate diagnostic test to use in immigrant populations and whether this will ultimately help

decrease foreign-born rates of active disease in low-incidence countries.
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3.6 Figures

Figure 3-1. Flow diagram of studies included in the meta-analysis
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Figure 3-2. Forest plot of the odds of a positive test result between the TST and IGRA

T5T IGRA Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M=-H, Random, 95% Cl
Winje et al 311 912 264 512 14.2% 1.27 [1.04, 1.55] -
Baker et al 108 195 105 195 12.1% 1.06 [0.71, 1.59] T
Carvalho et al 44 100 15 100 8.9% 4.45 [2.26, 8.75] —
Losi et al 104 232 80 232 12.4% 1.54 [1.06, 2.24] "
Saracino et al 72 279 107 279 12.6% 0.56 [0.35, 0.80] -
Weinfurter et al 271 554 171 594 13.8% 2.08 [1.63, 2.64] -
Pottumarthy et al 86 237 71 237 12.3% 1.33 [0.91, 1.95] ™
Painter et al 236 479 161 479 13.6% 1.92 [1.48, 2.49] -
Total (95% CI) 3028 3028 100.0% 1.46 [1.07, 2.01] [ 3
Total events 1232 974
Heterogeneity: Tau® = 0.17; Chi® = 54.71, df = 7 (P < 0.00001); I = 87% ; I I .
Test for overall effect: Z= 2.36 (P = 0.02) 0.01 0.1 IGRAlTST 10 100

70



Proportion Testing Positive

Figure 3-3. TST bubble plot for test positivity by TB incidence in country of origin
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Proportion Testing Positive

Figure 3-4. IGRA bubble plot for test positivity by TB incidence in country of origin
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Figure 3-5. Forest plot of association between TST positivity and age >35 years old

=35 years old <35 years old Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M=H, Random, 95% CI
Trauer et al 44 66 152 392 9.1% 2.08[1.20,3.61] —_
Mulder et al 75 157 198 486 16.5% 1.33 [D.93, 1.91] o
Perez-5table et al 252 391 398 841 24.7% 2.02 [1.58, 2.58] =
Sanfrancisco et al 15 53 468 1666 7.7% 1.01 [D.55, 1.85] 1
Li et al 2788 5972 5422 14836 41.9% 1.52 [1.43, 1.62] |
Total (95% CI) 6639 18221 100.0% 1.59 [1.32, 1.92] 4
Total events 3174 6678
Heterogeneity: Tau® = 0.02; Chi* = 8.40, df = 4 (P = 0.08); I’ = 52% I f ; |
Test for overall effect: Z = 4.89 (P < 0.00001) D',E% ‘E"é;rs old 1 =35 ‘r’égrf. oﬁgo
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Figure 3-6. Forest plot of association between TST positivity and gender

Male Female Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Painter et al 128 231 108 248 7.3% 1.61[1.12, 2.31] -
Trauer et al 73 203 73 255 6.6% 1.40 [0.94, 2.08] =
Varkey et al 2709 4740 1944 4301 13.8% 1.62 [1.49, 1.78] =
Bran et al 289 570 62 158 7.3% 1.55[1.11, 2.28] -
Desale et al 108 242 55 148 6.2% 1.36 [0.90, 2.07] ™
Mulder et al 120 273 153 370 B.2% 1.11 [0.81, 1.53] —
Sanfrancisco et al 654 1579 68 244 8.7% 1.28 [0.95, 1.72] =
Lifson et al 730 1360 508 1184 12.2% 1.54 [1.32, 1.80] -
Robertson et al 3l 95 4 26 1.3% 2.66 [0.84, §.40]
Li et al 4178 9626 4059 11182 14.2% 1.35[1.27, 1.42] o
Baussano et al 5517 15705 3863 10849 14.2% 1.06 [1.01, 1.12] i
Total (95% CI) 35024 28965 100.0% 1.38 [1.20, 1.58] +
Total events 14537 10697
Heterogeneity: Tau® = 0.03; Chi* = 94.36, df = 10 (P < 0.00001); I = 85% ; | t i
Test for overall effect: Z = 4.59 (P < 0.00001) 0.01 DllFemalelMale 10100
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Figure 3-7. Forest plot of association between TST positivity and source country TB incidence

=30 cases per 100,000 < 30 cases per 100,000 Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M=-H, Random, 95% CI
Minodier et al 743 2229 29 1051 20.7% 18.31[12.53, 26.76] -
Desale et al 95 191 58 117 20.2% 1.01 [0.B4, 1.59] ——
Alperstein et al 94 326 5 27 15.6% 1.78 [D.B6, 4.85] T
Martin et al 789 1517 289 616 21.6% 1.23 [1.02, 1.48] il
Li et al 7203 17250 950 3356 21.9% 1.82 [1.67, 1.97] -
Total (95% CI) 21513 5207 100.0% 2.38 [1.14, 4.98] L 2
Total events 8924 1331
Heterogeneity: Tau® = 0.65; Chi* = 174.96, df = 4 (P < 0.00001); I = 98% I f t {
Test for overall effect: Z= 2.31 (P = 0.02) D'Dl{ 2{} casesl =30 E;EES 100
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Figure 3-8. Forest plot of association between TST positivity and BCG vaccination
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Figure 3-9. Forest plot of association between IGRA positivity and gender

Male Female Odds Ratio QOdds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M=H, Random, 95% CI
Winje et al 202 B85 62 227 14.9% 1.11 [0.80, 1.56] T
Painter et al 91 231 70 248 13.4% 1.65 [1.13, 2.42] ——
Bodenmann et al 12 66 11 59 4.5% 0.97 [0.39, 2.40] B
Harstad et al 189 617 57 208 14.4% 1.15 [0.81, 1.64] ™
Mulder et al 144 669 152 789 17.5% 1.17 [0.90, 1.51] o
Pareek et al 136 600 109 629 16.6% 1.40 [1.06, 1.85] i
Simpson et al 68 158 B0 275 12.2% 2.71[1.77, 4.14] =
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CHAPTER 4. COST-EFFECTIVENESS OF POST-LANDING
LATENT TUBERCULOSIS INFECTION CONTROL
STRATEGIES IN NEW MIGRANTS TO CANADA?

4.1 Background

In Canada, over two-thirds of all active TB cases occur in migrants [3,314,315]. Current pre-immigration
TB screening protocols are mandatory for permanent residents and select temporary residents. All associated costs
are the responsibility of the applicant. Screening consists of a medical history, CXR, and sputum tests to rule out
active TB. Migrants diagnosed with active TB must complete an adequate course of therapy before migrating to
Canada. Meanwhile, those with a medical history or CXR suggestive of prior TB are flagged for post-landing
surveillance—approximately 2% [94]. The follow-up system is passive, with adherence to post-landing surveillance
reported to be between 60 to 70% [3,94].

The post-landing surveillance system is successful in identifying people at risk for active TB after arrival;
in Ontario one-third of all active TB in the first two years post-migration occurred in those flagged for surveillance.
However, genotypic studies estimate that approximately 85% of all TB cases in migrants are due to reactivation of
LTBI acquired prior to migration [71-73]. In those with LTBI, approximately 5-10% will progress to active TB over
their lifetime, but effective treatment can reduce risk of progression by over 90% [51]. Despite this, it is unknown
how many migrants flagged for surveillance are screened for LTBI and for the remaining 98% not flagged, there is
no routine LTBI screening protocol, leaving a large group of migrants at risk for active TB and a missed opportunity
for TB prevention [94]. Implementation of a LTBI screening system, however, would have to overcome
inefficiencies in the LTBI cascade of care. In this context, the cascade of care consists of placing a screening test,
evaluating the result, performing a medical evaluation, and initiating and completing treatment. At present, high
rates of dropout during screening and treatment result in <20% of those who may benefit from treatment actually
completing it [53].

Evidence-based screening and treatment recommendations in new migrants need to support TB elimination

efforts in Canada. Implementation of pre- or post-landing LTBI screening protocols have been suggested

3Adapted with permission from: Campbell JR, Johnston JC, Sadatsafavi M, Cook VJ, Elwood RK, Marra F. Cost-
Effectiveness of Post-Landing Latent Tuberculosis Infection Control Strategies in New Migrants to Canada. PLoS
ONE 2017;12(10):e0186778.
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[3,133,203,222], but no system or policy is in place to execute any of these possible solutions. In this chapter we aim
to provide evidence surrounding possible implementation of post-landing LTBI screening. We developed a model to
determine the cost and prevalence of LTBI and imported active TB in recent migrants. These estimates were then
applied to view the impact LTBI screening post-landing would have on TB incidence in subgroups of a cohort of

new migrants to Canada.

4.2 Methods
4.2.1 Study Population

The population studied in the model was the 2014 cohort of new permanent residents to Canada, which
consists of 260,600 new permanent residents, of which 6100 were flagged for post-landing medical surveillance.
The cohort was characterized by post-landing surveillance flag, derived from Ontario data [94], age and TB
incidence in country of origin, derived from Immigration, Refugees and Citizenship Canada (IRCC) [93], and BCG
vaccination status, based on data from countries with a current national vaccination policy for all, which was derived
from the BCG World Atlas [224] and adjusted based on 36-year average reported immunization rates [316]. To
determine the prevalence of LTBI and imported (non-preventable) TB in this population, a calibration scheme was
developed. Two-year TB incidence rates in new permanent resident cohorts to Ontario between 2002 and 2011 [94],
stratified by TB incidence in country of origin (low <30 cases per 100,000 population, moderate 30-99 cases, high
100-199 cases, and very high >200 cases) and surveillance flag were used as optimization targets. Several
assumptions were made. Firstly, we assumed 85% of TB cases in those not flagged for surveillance were due to
reactivation of LTBI [71-73] and that the rate of reactivation was constant over time [244]. Second, those flagged
for surveillance had a reactivation risk 3.9 times higher than those not flagged for surveillance, selected based on TB
risks from a long-term study in Britain [317]. Finally, it was assumed that LTBI prevalence in those under
surveillance was higher than those who were not. To optimize to the targets, the baseline average reactivation rate
was varied between 0.8 and 1.6 reactivation TB cases per 1000 person-years [318-321] and the proportion of TB
cases in those flagged for surveillance that were imported was varied between 55% and 85% [244,322]. After
optimization, a reactivation rate of 1.1 per 1000 person-years and 70% of TB cases being imported were selected;
these estimates were applied proportionally to the demographic profile of the 2014 permanent resident cohort.

Optimization targets are reported in Table 4-1 and results of the optimization are reported in Table 4-2.
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4.2.2 Discrete Event Simulation Model

A DES model was developed in Simio and run using Simio Replication Runner (Version 8.146.14121,
Simio LLC, Sewickley, PA). DES, a microsimulation technique, was chosen as it allowed for modeling time
continuously, modeling simultaneous events, and creating many parameters describing each patient (a Markov
model would have too many states to accommodate the same level of granularity). Internal validity was examined to
ensure the model worked as intended and external validity was investigated against the data source used to inform
the model. The model’s time horizon was 10 years from arrival to Canada to minimize extrapolation from
optimization targets. The model took a healthcare system perspective and used a discount rate of 1.5% for costs and
outcomes as recommended by CADTH [190]. The model’s main outcomes were cost per QALY gained and cost per
TB case prevented. A WTP threshold of $100,000 CAD per QALY [189,323-325] or $20,000 CAD per TB case
prevented (i.e. approximately the average cost of managing one TB case) was used to determine if an intervention
was cost-effective. Several assumptions were made in the model. Firstly, it was not possible to self-heal from LTBI
without treatment. Secondly, multi-drug resistant TB was not considered due to extremely low incidence in Canada
and difficulty in accurately costing cases. Finally, direct transmission between migrants in the cohort or to the
general population was not modeled, rather we accounted indirectly for this through a certain proportion being
remotely infected during the simulation.

The model structure is outlined in Figure 4-1. Upon arrival, simulated migrants may import tuberculosis,
be flagged for post-landing TB surveillance based on pre-immigration screening, or not be flagged for surveillance
at all; those flagged for surveillance may or may not adhere. Migrants adhering are given a LTBI screening test and
those completing the test that are positive are all referred and given a medical evaluation (to rule out active TB).
Migrants completing the medical evaluation are offered LTBI treatment and should they initiate treatment are
simulated to either default at some point during treatment, discontinue due to an adverse event, die due to fatal
hepatotoxicity, or fully complete treatment. All migrants, regardless of their simulation pathway, are then simulated
to the model’s time horizon, with an annual risk of developing TB or dying of background mortality. Upon
development of TB, a chance of a remote TB case occurring was simulated to account for the proportion of TB cases
in migrants not occurring due to reactivation (17.6%). Those who develop TB and complete treatment are at risk of

experiencing TB relapse for the subsequent two years.
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4.2.3 Model Characteristics

Input Parameters. Published reports and expert opinion were used to estimate input parameters for the
model. Where possible, systematic reviews were used to derive model estimates; in cases where this was not
possible, estimates from the literature were used. Background mortality was derived from Canadian life tables [326].
LTBI diagnostic test sensitivity was derived from each test’s ability to detect prevalent TB (i.e. a surrogate measure)
as described in Chapter 2 [20], while test specificity was derived in populations at very low risk of infection [24,34]
and stratified by BCG vaccination status [224,316]. TB reactivation rate was carefully chosen from data from a
variety of studies [73,219,318-321,327-329]. A rate of 1.1 per 1000 person years in individuals with LTBI was
selected as it results in a cumulative incidence of TB of 5% over approximately 45 years and provides reasonable
estimates of LTBI prevalence based on our meta-analysis of IGRA positivity in migrants in Chapter 3 [21].
Transition between all health states was modeled annually, except in the case of transition from adverse events or
from TB to a subsequent health state, which had varying transition times. Table 4-3 lists all model estimates.

Costs. Costs for LTBI screening and treatment were derived from the British Columbia Centre for Disease
Control (BCCDC) in 2014 (personal communication), and included the costs of tests, drugs, clinician time, and
routine monitoring. Adverse event and hospitalization costs during LTBI and TB treatment were determined from
the literature [119,330]. The average cost for each TB case, which includes diagnosis, treatment, contact
investigation, and adverse events, was estimated from a Canadian report and cost-effectiveness analysis [221,330].
All model costs were inflated to 2016 Canadian dollars ($) or converted using purchasing power parity.

Health State Utilities. All health state utilities were defined using the SF-6D scores derived from SF-36
responses and were largely informed by a study performed in new migrants to Canada [331-333]. Health state
utilities were evaluated for the duration of time in each health state and not subject to fixed duration. The duration of
time in the TB health state varied based on whether a patient was or was not under surveillance, as defined by the
time from symptom onset to TB diagnosis reported by Khan et al. [94] A baseline value of 0.81 was used for all

participants without LTBI or TB [331], with adjustments for other health states, where applicable.

4.2.4 Interventions

Several LTBI screening and treatment interventions available in Canada were evaluated, assuming that at

each step all migrants evaluated were offered an intervention (i.e. clinician discretion in offering screening and/or
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treatment was not simulated and no actual data exist on how often LTBI screening is given). LTBI screening
interventions included: (1) TST, a test that requires a follow-up visit to be read and uses >10mm cut-point for a
positive result; (2) IGRA, a test that may generate indeterminate results and uses the manufacturer’s
recommendation for a positive result and; (3) sequential screening (SEQ), a two-stage approach where those who
test positive with a TST are tested with an IGRA—both tests must be positive for the patient to be considered to
have LTBI [204,334].

Subsequently, test positive migrants who completed the medical evaluation and initiated treatment were
offered one of two LTBI interventions available in Canada: (1) nine-months of isoniazid, which reduces risk of
future TB by 93% and; (2) four-months of rifampin, a shorter regimen with higher completion rates, but uncertain
efficacy. In general, only those flagged and adhering with post-landing surveillance are offered LTBI interventions
upon arrival and Canadian guidelines recommend screening with a TST and subsequent treatment with isoniazid [3].
Thus, LTBI screening with a TST and treatment with isoniazid in the migrant population under surveillance was
considered our base case in all cost-effectiveness analyses. A comprehensive table of interventions is located in

Table 4-4.

4.2.5 Cost-Effectiveness Analyses

4.2.5.1 Improving the Post-Landing Surveillance System

In this evaluation, the analysis focused solely on the 2.4% of new migrants normally flagged for post-
landing surveillance (N=6100), as a system is already in place where LTBI interventions can be easily implemented.
In the primary analysis, interventions were compared to the base case under real world care conditions. The total
number of discounted TB cases (including imported TB cases), costs, and QALYs were calculated for each
intervention. The ICER was calculated for each intervention compared to the base case.

A secondary analysis was performed to determine if improving the cascade of care would be valuable. In
this analysis, improving to surveillance adherence to 100%, improving LTBI treatment completion by 30%, and
achieving both, was modeled. Based on our WTP threshold ($100,000 per QALY gained), the maximum cost that

could be afforded to the healthcare system to implement these improvements was calculated using NMB.
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4.2.5.2 Implementation of Mass Post-Landing LTBI Screening

In this evaluation, the entire 2014 entry cohort is included (N=260,600). Post-landing LTBI screening was
evaluated through step-wise expansion of the post-landing surveillance system based on TB incidence in country of
origin (i.e. screen migrants from very high TB incidence countries, screen migrants from countries of high TB
incidence or greater, screen migrants from countries of moderate TB incidence or greater, screen all migrants). We
modeled this intervention under the assumption that it was implemented as a supplement to the current post-landing
surveillance system, therefore, even if migrants were not subject to mass post-landing screening, they could still be
flagged for post-landing surveillance. Each intervention was compared to the base case. Adherence with post-
landing screening was assumed to be the same as in migrants flagged for surveillance (60.5%). Discounted costs,

QALYSs, and TB cases (including imported TB cases) were compared to the base case.

4.2.6 Sensitivity Analysis

Uncertainty around model variables was examined using univariate sensitivity analysis and PSA. Ranges
examined for both univariate and PSA can be found in Table 4-3. All sensitivity analyses were run for >2000
iterations. Results of univariate sensitivity analysis were reported as NMB of the most cost-effective option in our
first primary analysis (“Improving the Post-Landing Surveillance System”) compared to the base case. A PSA was
performed for each primary analysis to evaluate parameter uncertainty. When model variables came from the
literature, relevant distributions were used (e.g. log-normal, beta). Most costs were modeled using relevant triangular
distributions due to lack of individual data. In the case of LTBI treatment, extreme costs commonly seen in
treatment due to adverse events were accounted for by modeling these separately. In the case of TB treatment,
expert opinion was used to develop a relevant gamma distribution. Particular health states were correlated to prevent
implausible values during PSA (i.e. patients with active TB will always have a lower utility value than healthy
patients). Using the average results of our PSA, efficiency frontiers comparing interventions based on costs and
QALYs were developed. CEACs were developed based on the probability an intervention provided the most NMB
over the >2000 iterations run compared to the base case. The expected value of perfect information (EVPI), a
measure of the maximum amount of money to invest to absolve all uncertainty in model parameters, was calculated
using the >2000 iterations (second-order uncertainty) as our outer sample size and the size of the population

evaluated as our inner sample size (first-order uncertainty).
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4.3 Results

4.3.1 Improving the Post-Landing Surveillance System

In the base case scenario, the migrant population under post-landing surveillance (N=6100) experience, on
average, 99.41 cases of TB, incur $3.1 million in costs, and accrue 45,026 QALY over ten-years (Table 4-5).
Screening with an IGRA and treating with rifampin was dominant in comparison, preventing 4.90 TB cases (a 4.9%
reduction), adding 4.0 QALYSs, and saving $353,013. While treating with isoniazid was also dominant, preventing
more TB cases (6.71) and adding more QALY (4.8), it only provided an incremental NMB of $676,330 compared
to the incremental NMB provided by rifampin treatment of $753,658, making rifampin the preferred treatment. If
the standard of care was no screening, IGRA followed by rifampin was still preferred, with a cost per QALY gained
of $11,921 and cost per TB case prevented of $8829.

A NMB of $1,098,510 resulted from improving treatment completion by 30% and $1,557,078 resulted
when ensuring 100% adherence with surveillance when screening with an IGRA and treating with rifampin. If both
of these improvements could be achieved, a NMB of $2,068,246 resulted. While investing in improving post-
landing adherence added more QALY's and prevented more TB cases, the added costs of screening and treatment

limit the proportional NMB of such an intervention (Table 4-6).

4.3.2 Implementation of Mass Post-Landing LTBI Screening

The most effective intervention to implement for post-landing LTBI screening of every new permanent
resident to reduce TB cases was to screen with an IGRA and treat with isoniazid, preventing 125.99 TB cases (a
21.8% reduction) at a cost of $169,986 per TB case prevented; screening with an IGRA and treating with rifampin
added the most QALYs, with an additional 78.3 QALYs at a cost of $207,328 per QALY gained. The most cost-
effective intervention, was to limit post-landing LTBI screening to every new migrant from countries with a TB
incidence >30 per 100,000 and screen with an IGRA, followed by treatment with rifampin, which had a cost per TB

case prevented of $114,840 and $138,484 per QALY gained (Table 4-7).

4.3.3 Sensitivity Analysis

In univariate sensitivity analysis the base case intervention was compared to IGRA followed by rifampin,

in migrants under surveillance. Extending the time horizon had the most significant impact in favor of IGRA
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followed by rifampin, as the incremental NMB increased by over $1.2 million if extended to 50 years. Reducing the
effectiveness of a full course of rifampin to 50% had the most significant impact against IGRA followed by
rifampin, reducing the incremental NMB by over $600,000. The decision to favor IGRA screening followed by
rifampin treatment over the base case, however, was very robust as no single parameter change resulted in the base
case having a higher NMB. The tornado diagram is displayed in Figure 4-2.

In PSA of our primary analysis of migrants under surveillance, screening with an IGRA followed by
rifampin treatment was the dominant option, resulting in the lowest cost, minimizing TB cases and maximizing
QALYs. Screening sequentially or with a TST did not fall on the frontier (Figure 4-3). Due to the base case being
the most expensive option, probabilities of interventions being cost-effective fell as WTP thresholds increased. Use
of IGRA followed by rifampin had a probability of being cost-effective of 64.9% at a WTP of $100,000 per QALY
gained, however increasing the WTP impacted the probability minimally (Figure 4-4). It was determined that the
choice of IGRA followed by rifampin over the base case resulted in an EVPI of $610,102.

In PSA of our analysis in the total migrant cohort, it was found that the base case provided the best value
for the least investment. In efficiency frontier analysis, screening with an IGRA followed by treatment with rifampin
in all migrants maximized QALYs. No TST screening intervention fell on the frontier (Figure 4-5). Use of IGRA
followed by rifampin in migrants from countries >30 cases per 100,000, the most cost-effective option in
deterministic analysis, had a probability of being cost-effective of 43.3% at a WTP of $100,000 per QALY, however
use of sequential screening followed by rifampin in migrants from countries >200 cases per 100,000 had the highest
probability of being cost-effective at this threshold of 47.8% (Figure 4-6). In EVPI analysis, it was found that the
decision to remain using our base case intervention compared to use of an IGRA followed by rifampin in migrants

from countries >30 cases per 100,000, resulted in an EVPI of $12,873,338.

4.4 Discussion

The current post-landing TB surveillance system is not effective in achieving the desired decline in TB
incidence in Canada. To improve LTBI diagnosis and treatment in new migrants flagged for post-landing
surveillance, screening with an IGRA followed by rifampin treatment provides an overall lower cost to the
healthcare system, with a reduction in TB cases and an increase in QALYS over a ten-year time horizon. Expanding

post-landing LTBI screening and treatment to include all migrants was not cost-effective using any intervention,
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however had the ability to significantly increase population QALY's and reduce TB cases. Further targeting post-
landing LTBI interventions by TB incidence in country of origin significantly improved cost-effectiveness, yet
ICERs still remained above WTP thresholds.

In Canada, the current post-landing TB surveillance system was developed to focus on identifying those at
highest risk of TB immediately after arrival and was never intended to be a platform for LTBI identification. Our
analysis shows that using this system to screen for LTBI would not significantly impact longitudinal TB incidence,
even when improving adherence with surveillance and LTBI treatment. In the present system, gaps in the LTBI
cascade of care result in <20% of migrants who may benefit from treatment actually completing LTBI therapy [53].
Ensuring 100% adherence to post-landing surveillance and improving completion of therapy by 30%, still less than
one-third of migrants would complete LTBI therapy. Our data and others suggest that there is significant room for
investment in improving treatment adherence [335], yet it is evident that filling gaps at each step of the cascade of
care is crucial to achieving significant reductions in TB incidence.

Our analysis shows that post-landing LTBI screening decisions guided solely by TB incidence in country of
origin are not specific enough to be cost-effective—it is clear that further targeted screening will be necessary. It is
likely that determining the socioeconomic factors that underlie TB infection in migrant populations will be
necessary to cost-effectively target LTBI screening and treatment. A previous analysis [133] examined LTBI
screening in people with co-morbidities such as silicosis, renal disease, and diabetes and found this targeting not to
be cost-effective. Considering comorbidity as part of selection criteria for screening in migrant populations where
LTBI prevalence is significantly higher may lead to a different conclusion, however.

Previous economic analyses have been performed to assess the cost-effectiveness of mass post-landing
screening of new migrants to low-incidence countries, several of which have been highlighted in systematic reviews
[192,201,202]. In an analysis by Dasgupta et al. [222], post-landing surveillance was evaluated for its ability to
prevent TB cases in new immigrants to Montreal. The analysis found that in this setting, post-landing surveillance
prevented 1.9 cases of TB per 1000 new immigrants identified, for an incremental cost of $65,126 per TB disease
prevented, slightly different from our results of 2.3 cases prevented per 1000 immigrants identified for post-landing
surveillance ($36,837 per TB disease prevented).

Oxlade and colleagues evaluated IGRA and TST screening in new immigrants from varying TB incidence

groups [204] and found that CXR at entry was cost-effective in immigrants from intermediate-to-high TB incidence
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countries, while IGRAs and TSTs were not cost-effective. This is in agreement with our findings, where no
screening method was cost-effective in a mass LTBI screening scenario, regardless of TB incidence in country of
origin.

An evaluation performed by Khan et al [203] examined mass LTBI interventions in the United States and
found it to be net saving. This evaluation, however, assumed no dropout during screening and/or treatment, which
would be incredibly difficult to implement in practice. Finally, Linas et al [133] examined LTBI screening in new
migrants to the United States and found it to be cost-effective, assuming low rates of dropout in modeled portions of
the LTBI cascade of care and different diagnostic test performance in their model than ours.

Our analysis is the first to comprehensively model gaps in the LTBI cascade of care. We have shown that
these gaps limit the effectiveness of any mass intervention to target LTBI, with <20% of those who can potentially
benefit from LTBI therapy completing a course. This model is also the first to estimate the prevalence of LTBI and
migrant TB in new migrant cohorts to Canada based on incident TB, rather than TST reactivity. Further, the use of
DES allowed for varying times in different health states for different migrants; this allows for more accurate
simulation of real world utility data and the impact each health state has on total quality of life. Our accurate
representation of “healthy” utility for new migrants limits our bias of LTBI interventions away from the null, as is
seen when healthy utility is assumed to be one [336]. A significant strength of this model was that it was specifically
calibrated to Canadian immigration data and the TB profile of new immigrants to Ontario, giving the analysis
potential to effectively inform policy decisions in immigrant-receiving provinces and territories in Canada. Further,
these results may be generalizable to other low TB incidence countries that also use CXR to identify new migrants at
high-risk for TB and have a similar migrant profile to Canada.

This chapter has several limitations. The proportion of remote infections was tied to reactivation TB; in
essence, if fewer TB cases occurred due to reactivation, so too did TB cases due to remote transmission, which may
not reflect reality where reductions in TB reactivation likely don’t exactly match reductions in TB transmission. This
model assumes that all migrants reporting to the clinic are offered LTBI screening, which is unlikely. Furthermore,
for migrants referred due to a previous diagnosis of TB, LTBI diagnostic tests may not be reliable due to a lasting
immune response, however it was not possible to determine how many migrants fell into this category; thus it was
unaccounted for in our model although we do not think many individuals would fall into this category, making a real

difference in the model results. Moreover, we assumed that dropout at each step of the care cascade is random,
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which may not reflect reality, as some patients will never be offered therapy due to age, co-morbid conditions, risk
of adverse outcomes, or low likelihood to complete therapy. Nevertheless, this was a necessary assumption in our
model due to the level of evidence available. Finally, this model did not consider co-morbid conditions that may
increase risk of TB, however the studies informing our rate of reactivation were derived from diverse populations
and should approximate a population-wide reactivation rate incorporating co-morbidity and other risk factors.

Future economic analyses of LTBI interventions in migrant populations should focus on varying the timing
of screening and/or how to target screening. Research into LTBI screening during pre-immigration medical exams
could potentially be highly valuable as a tool for post-landing follow-up. Furthermore, targeting screening post-
landing based on a combination of co-morbidities and demographic variables can potentially make strong

predictions about future TB risk in individuals.

4.5 Conclusions

Screening new migrants flagged for post-landing surveillance with an IGRA followed by treatment with
rifampin was dominant compared to the base case of TST followed by isoniazid. Expanding LTBI screening to all
new migrants was cost-prohibitive. Future research should investigate the cost-effectiveness of LTBI screening

based on socioeconomic factors and co-morbid conditions.
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4.6 Tables

Table 4-1. Optimization targets used in the cost-effectiveness model

TB Incidence Category

<30 cases 30-99 cases 100-199 cases >200 cases

Number of TB cases in first 2 years

Total TB Cases 4.28 23.62 43.22 76.27

Referred for surveillance and 0.92 720 8.38 11.76

adherent

Referred for surveillance and 031 548 707 9.07

non-adherent

Not referred for surveillance 3.05 13.95 27.77 55.44
Population Statistics

Total Population 74,700 61,600 54,700 69,600

Referred for surveillance and 370 1025 882 1404

adherent

Referred for surveillance and 295 792 595 796

non-adherent

Not referred for surveillance 74,035 59,783 53,223 67,740

TB: tuberculosis



Table 4-2. Final results of the optimization

TB Incidence Category

LTBI Prevalence in Migrants who
were not Referred for Surveillance

Proportion of Migrants Referred for
Surveillance That Had Imported TB
Adherent with

Surveillance
Non-Adherent with
Surveillance
LTBI Prevalence in Migrants
Referred for Surveillance

<30 cases
0.01094

0.00192

0.00048

0.0641

30-99 cases 100-199 cases
0.06198 0.13860
0.00543 0.00637
0.00153 0.00875

0.1862 0.3659

>200 cases

0.21826

0.00544
0.00956

0.3420

LTBI: latent tuberculosis infection; TB: tuberculosis
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Table 4-3. Model parameters and analyses range

Parameter Estimate Univariate Analysis Range Range for PSA Reference
Costs
Full INH Treatment $992 $804, $1179 Triangular, 804-1179 BCCDC, [330,337]
Drug Costs $181
Nurse and Clinician Costs $741
Follow-up CXR $42
Routine Tests $28
Full RIF Treatment $575 $464, $686 Triangular, 464-686 BCCDC, [330,337]
Drug Costs $98
Nurse and Clinician Costs $421
Follow-up CXR $42
Routine Tests $14
Partial INH $462 N/A Triangular, 174-804 BCCDC, [330,337]
Partial RIF $319 N/A Triangular, 178-464 BCCDC, [330,337]
Complete TST $31 $24, $38 Triangular, 24-38 BCCDC, [330,337]
TST Cost $11
Nurse Costs (Two Visits) $20
Incomplete TST $21 $17, $25 Triangular, 17-25 BCCDC, [330,337]
IGRA $54 $31, $62 Triangular, 31-62 BCCDC, [330,337]
Kit and Technician Cost $47
Nurse Costs $7
CXR $42 N/A Triangular, 32-52 BCCDC, [330,337]
Cost per X-Ray $35
Nurse Costs $7
Tuberculosis $20,532 $16,730, $24,334 Gamma(4.1064,5000) Expert Opinion, [221,330]
LTBI Adverse Event $732 $549, $916 Triangular, 549-916 [330]
Hospitalization $6641 $5305, $9985 Triangular, 5305-9985 [119]
Death $26,933 $13,079, $40,788 Triangular, 13,079-40,788 [338]

All costs are in 2016 CAD.
PSA: Probabilistic Sensitivity Analysis; INH: Isoniazid; RIF: Rifampin; BCCDC: British Columbia Centre for Disease Control; TST: Tuberculin Skin Test; IGRA: Interferon-Gamma Release Assay;
CXR: Chest X-Ray; LTBI: Latent Tuberculosis Infection; TB: Tuberculosis



Table 4-3. Continued

Parameter Estimate Univariate Analysis Range Range for PSA Reference
QALYs
LTBI 0.81 0.75,1.0 Beta(9.49,2.23) [331-333]
Healthy 0.81 0.75,1.0 Beta(7.85,1.84) [331-333]
Adverse Event Disutility 0.2 0,05 Triangular, +25% [119,330]
TB 0.69 0.55,0.75 Beta(6.84,3.07) [331-333]
Hospitalization 0.5 0.3,0.7 Triangular, +25% [119]
Dead 0 - - -
Screening Parameters
TST Sensitivity 0.782 0.50, 0.95 Beta(43,12) Chapter 2, [20,24]
TST Specificity (No BCG) 0.974 0.94,1 Beta(770,21) [24,34]
TST Specificity (BCG) 0.602 0.35, 0.87 Beta(239,158) [24,34]
IGRA Sensitivity 0.889 0.81,0.95 Beta(8,1) Chapter 2, [20,24]
IGRA Specificity 0.957 0.86, 1 Beta(900,40) [24,34]
IGRA Indeterminate 0.06 0,0.18 Beta(83,1286) [34]
Complete TST* 0.72 0.72,1.0 Beta(117.84,45.83) [53,303]
Complete Medical Evaluation} 0.78 0.6,1.0 Beta(46.12,13.01) [53]
Parameters for Population Under Surveillance
Adherent with Surveillance 0.605 0.7,0.8 - [94]
LTBI Prevalence >200 cases 0.3420 Varied with Reactivation Rate Varied with Reactivation Rate [94]
LTBI Prevalence 100-199 cases 0.3659 Varied with Reactivation Rate Varied with Reactivation Rate [94]
LTBI Prevalence 30-99 cases 0.1862 Varied with Reactivation Rate Varied with Reactivation Rate [94]
LTBI Prevalence <30 cases 0.0641 Varied with Reactivation Rate Varied with Reactivation Rate [94]
Overall Imported TB Prevalence 0.0054 - - [244]
Parameters for Population Not Under Surveillance
LTBI Prevalence >200 cases 0.3162 Varied with Reactivation Rate Varied with Reactivation Rate [94]
LTBI Prevalence 100-199 cases 0.2016 Varied with Reactivation Rate Varied with Reactivation Rate [94]
LTBI Prevalence 30-99 cases 0.0902 Varied with Reactivation Rate Varied with Reactivation Rate [94]
LTBI Prevalence <30 cases 0.0159 Varied with Reactivation Rate Varied with Reactivation Rate [94]

*Number imputed from 43.4% of migrants indicated for screening completing [53] (if 60.5% are adherent with surveillance, 72% must complete TST screening).
tNumber imputed from 43.7 of 56 individuals referred for medical evaluation completing [53].

All costs are in 2016 CAD.

QALY: Quality Adjusted Life Year; PSA: Probabilistic Sensitivity Analysis; INH: Isoniazid; RIF: Rifampin; TST: Tuberculin Skin Test; IGRA: Interferon-Gamma Release Assay; CXR: Chest X-Ray;

LTBI: Latent Tuberculosis Infection; TB: Tuberculosis; BCG: Bacillus Calmette-Guérin
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Table 4-3. Continued

Parameter Estimate Univariate Analysis Range Range for PSA Reference
Treatment Parameters
Initiate Therapy* 0.938 05,1 Beta(180.83,11.95) [53,303]
Complete INH 0.616 0.5,0.7 Beta(131.66,82.07) [53]
Complete RIF 0.814 0.7,0.9 Beta(76.85,17.56) [53]
Adverse Event INH® 0.060 0.04,0.12 Beta(134,2095) [120-123,339]
Adverse Event RIF° 0.027 0.01, 0.07 Beta(56,2043) [120-123,339]
Hospitalization | AE 0.01 0,0.02 Beta(1,99) [119]
Death due to INH 0.00000988 0, 0.0001 Beta(2,202495) [340]
LTBI Risk Reduction INH 0.93 05,1 Normal(-2.597,0.461)8§ [51]
LTBI Risk Reduction RIF 0.8 05,1 Normal(-1.609,0.500)§ [57,59]
Partial Risk Reduction INH 0.346 0, 0.69 Combination of Normal Distributionst [51,120-123,339]
Partial Risk Reduction RIF 0 0, 0.69 Normal(-0.693,0.300)§ [57,59]
Adverse Event Duration 7 days 3,17 Gamma(0.7,10) Expert Opinion, [119]
TB Parameters
Death from TB 0.0476 0,0.08 Beta(76,1523) [3]
Reactivation Rate 0.0011 0.0009, 0.0013 Beta(90.92,82545.55) [73,219,318-321,327-329]
Risk Increase if Abnormal CXR 3.9 2.7,55 Normal(1.36,0.15)§ [317]
Extended Therapy 0.124 0,0.3 Beta(2.366,16.713) Expert Opinion, [119]
Relapse Rate 0.0359 0.0274, 0.0462 Normal(-3.327,0.365)8§ [341]
Model Parameters
Flagged for surveillance 0.024 Optimization Parameter Optimization Parameter [94]
BCG Vaccination (<30 cases) 0.605 - Beta(45137,29502) [224]
BCG Vaccination (=30 cases) 0.998 - Beta(185381,384) [224]
BCG Vaccination Uptake 0.837 0.419,1 - [316]
Discount Rate 0.015 0, 0.03 - [190]
Time Horizon 10 years 25, 50 years - -

*This model assumes all who complete a medical evaluation and have no indication for active TB, are recommended treatment.
8The result is exponentiated (i.e. is a lognormal distribution).

tFormula: 0.33*(Normal(-1.168,0.228))+0.374*(Normal(-0.381,0.169))+0.293*1

°Causing treatment cessation

PSA: Probabilistic Sensitivity Analysis; INH: Isoniazid; RIF: Rifampin; AE: Adverse Event; LTBI: Latent Tuberculosis Infection; TB: Tuberculosis; BCG: Bacillus Calmette-Guérin
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Table 4-4. Interventions evaluated

Strategy Description

This is the base case when applied only to the population under medical
TST/INH surveillance. A tuberculin skin test is completed and, if positive via an
induration size >10mm, nine months of isoniazid is prescribed.

A tuberculin skin test is completed and, if positive via an induration size

TST/RIF ) o )

>10mm, four months of rifampin is prescribed.

An interferon-gamma release assay is performed and, if positive via
IGRA/INH .. . . . . . .

manufacturer’s definition, nine months of isoniazid is prescribed.

An interferon-gamma release assay is performed and, if positive via
IGRA/RIF . ) o )

manufacturer’s definition, four months of rifampin is prescribed.

A tuberculin skin test is completed. If positive via an induration size >10mm, a
SEQ/INH confirmatory interferon-gamma release assay is given, and, if positive via

manufacturer’s definition, nine months of isoniazid is prescribed.

A tuberculin skin test is completed. If positive via an induration size >10mm, a
SEQ/RIF confirmatory interferon-gamma release assay is given, and, if positive via

manufacturer’s definition, four months of rifampin is prescribed.

TST: tuberculin skin test; IGRA: interferon-gamma release assay; SEQ: sequential screening; INH: isoniazid; RIF: rifampin
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Table 4-5. Discounted results of base case analysis of the population under medical surveillance

Total TB Cases

Population Costs (3$)

Population QALY's

Incremental Cost per

Incremental Cost per

Intervention (Change from (Change from (Change from TB Case Prevented QALY gained
Reference) Reference) Reference) $ $
TST/INH (Reference) 99.41 3,137,675 45,026.1 - -
TSTRIF to0gs 214013 40,0254 191 2361 5129521
IGRA/INH (9?);% (2 f;f 23;23) 45(2?3())9 Dominant Dominant
IGRA/RIF (9233) (2 3758; (?16 41) 45(2%())1 Dominant Dominant
SEQIINH oot e Fes 228501 10642351
SEQIRIF 1(213;)3 (23751655196) 4?12_2;)'8 164,292+ 308,919+
No Intervention (11143155% (2_56211624335 4€f()1i)0 36,8361 51,581

+The result falls in Quadrant III, worse outcomes with lower cost. The result should be interpreted inversely

TB: Tuberculosis, QALYs: Quality Adjusted Life Years; TST: Tuberculin skin test; IGRA: interferon-gamma release assay; SEQ: sequential screening; INH: isoniazid; RIF: rifampin
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Table 4-6. Results of LTBI cascade of care improvements in the population under medical surveillance

Amount Available to
Change* in Population Change™* in Population Invest per Cohort at
Costs ($) QALYs WTP of $100,000 per
QALY Gained ($)

Intervention Change™* in TB Cases

Improve Treatment Completion by 30%

TST/INH -2.13 38,308 1.7 127,358
TST/RIF -1.32 -242,145 1.2 366,737
IGRA/INH -9.70 -188,394 7.5 941,790
IGRA/RIF -8.73 -407,861 6.9 1,098,510
SEQ/INH -0.38 -277,563 0.5 331,006
SEQ/RIF 0.30 -407,679 0.1 420,370
Perfect Adherence with Surveillance
TST/INH -9.40 430,200 7.7 339,075
TST/RIF -7.84 54,442 6.0 549,260
IGRA/INH -20.43 108,094 14.6 1,351,074
IGRA/RIF -17.79 -161,603 14.0 1,557,078
SEQ/INH -7.11 -35,082 6.3 660,236
SEQ/RIF -5.58 -197,657 4.6 660,570
Perfect Adherence with Surveillance and Improve Treatment Completion by 30%
TST/INH -12.88 494,333 10.5 559,007
TST/RIF -11.75 28,971 8.7 836,791
IGRA/INH -25.44 110,840 18.4 1,733,599
IGRA/RIF -23.90 -246,880 18.2 2,068,246
SEQ/INH -10.19 -34,954 8.6 893,888
SEQ/RIF -9.27 -249,568 7.1 956,461

*Change from Reference Intervention: 99.41 Cases of TB, $3,137,675 Population Costs, and 45,026.1 Population QALY's
TB: Tuberculosis, QALYs: Quality Adjusted Life Years; TST: Tuberculin skin test; IGRA: interferon-gamma release assay; SEQ: sequential screening; INH: isoniazid; RIF: rifampin; WTP:
willingness-to-pay; LTBI: latent tuberculosis infection
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Table 4-7. Results of expanding post-landing LTBI screening based on TB incidence in country of origin

Intervention Total TB Cases Population Costs ($) Population QALY's Incremental Cost per Incremental Cost per
(Change from (Change from (Change from TB Case Prevented QALY gained
Reference) Reference) Reference) $ $

Reference (TST/INH in
those under 578.18 13,479,792 1,930,729.6 - -
surveillance)

Screen all from >200 per 100,000
545.01 22,413,667 1,930,760.6

TST/INH e e o 269,388 288,550
TST/RIF (?;‘98.'12) (15%46%%854; 1*9(3204_734'0 202,369 244,489
IGRA/INH (55322) (281,'15070%8998(; 1’9(3308'_77(;8'3 139,305 209,222
IGRARIF (5_352?‘)‘.'1%) (15%0979%‘2802) 1’9(3302'_706)1'6 104,729 175,131
SEQ/INH (55’;’;’3) (158,'27976%854% 1'9%&;)39'4 190,545 541,408
SEQIRIF (5_325?‘)‘.'12) (137,;332011, 62235) 1’9(3106_7536'1 163,104 231,661
Screen all from >100 per 100,000
TST/INH o1 fg) (iggi’ggg; 1*9(3306_796)0'5 258,590 511,673
TSTIRIF (?52:_'371) (igﬁggzg’g) 1'9(3305_756)5'1 199,218 303,254
IGRA/INH (?598.'%) (ig:;gjﬁgg) 1’9(3602'_732'0 133,369 213,406
IGRARIF (435%) (292,;196%41035; 1'9(36(2_739)3'9 103,714 147,350
SEQ/INH (555;"; (282;;27?'198891) 1*9(3207’_755)7'1 170,962 321,508
SEQIRIF (Sj’égg) (26%(1121?&368) 1’9(3303;'766)3'2 141,505 194,940

TB: Tuberculosis, QALYSs: Quality Adjusted Life Years; TST: Tuberculin skin test; IGRA: interferon-gamma release assay; SEQ: sequential screening; INH: isoniazid; RIF: rifampin
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Table 4-7. Continued

Intervention Total TB Cases

Population Costs ($)

Population QALY's

Incremental Cost per

Incremental Cost per

(Change from (Change from (Change from TB Case Prevented QALY gained
Reference) Reference) Reference) $ $
Reference (TST/INH in
those under 578.18 13,479,792 1,930,729.6 - -
surveillance)
Screen all from >30 per 100,000
TST/INH 503.00 36,534,345 1,930,767.6
(-75.18) (23.054.553) (38.0) 0B 201,829
TST/RIF 508.41 29,309,392 1,930,784.1
(-69.77) (15.829.600) (54.5) 226,898 290,511
IGRA/INH 454,91 30,992,637 1,930,807.5
(-123.27) (17,512,845) (77.9) 260 (e
IGRA/RIF 466.44 26,311,297 1,930,822.3
(-111.74) (12,831,505) (92.7) 114,840 138,484
SEQ/INH 513.32 25,263,671 1,930,775.8
(-64.86) (11,783,879) (46.2) LG L
SEQ/RIF 519.41 22,418,827 1,930,774.6
(58.77) (8.939,035) (45.0) 152,121 198,819
Screen all new migrants
TST/INH 501.14 42,460,450 1,930,780.8
(-77.04) (29,980,658) (51.2) 376,180 566,155
TST/RIF 506.55 33,689,173 1,930,778.2
(-71.63) (20,209,381) (48.6) A il
IGRA/INH 452.19 34,895,981 1,930,803.5
(-125.99) (21,416,189) (73.9) 169,986 289,838
IGRA/RIF 463.67 29,720,266 1,930,808.0
(-114.51) (16.240,474) (78.4) i AU
SEQ/INH 510.88 27,535,513 1,930,778.0
(-67.30) (14.055.721) (48.4) 208,859 290,448
SEQ/RIF 518.21 24,497,307 1,930,770.3
(-59.97) (11.017.515) (40.7) Bk 2Dt

TB: Tuberculosis, QALYs: Quality Adjusted Life Years; TST: Tuberculin skin test; IGRA: interferon-gamma release assay; SEQ: sequential screening; INH: isoniazid; RIF: rifampin



4.7 Figures

Figure 4-1. Model structure and possible transition events. (A) Model Structure: Flow of new migrants through the simulation and the interventions investigated
upon arrival in Canada. (B) Possible events that may result in movement between health states after arrival in Canada
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Figure 4-2. Results of the univariate sensitivity analysis using QALY as effectiveness measure. The figure is ordered in the direction of absolute effect (i.e. not
in order of direction of effect) on the net monetary benefit in relation to what was calculated in deterministic analysis.
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Figure 4-3. Efficiency frontier for the migrants under post-landing surveillance in terms of population QALYS vs. population costs. The frontier is read from left
to right, with interventions connected if they fall on the frontier. Interventions subsequent to the initial intervention have an increased cost, but an increased
benefit, and represent the next best value at increasing funding thresholds. The slope between two connected interventions represents cost-effectiveness: a steeper

slope represents poorer cost-effectiveness between interventions, while a shallow slope represents better cost-effectiveness.
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Figure 4-4. Cost-effectiveness acceptability curve for migrants under post-landing surveillance in terms of cost per QALY gained. The graph demonstrates the
probability an intervention is cost-effective at various willingness-to-pay thresholds in relation to the base case intervention.
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Figure 4-5. Efficiency frontier for the complete cohort of migrants in terms of population QALY's vs. population costs. The frontier is read from left to right, with
interventions connected if they fall on the frontier. Interventions subsequent to the initial intervention have an increased cost, but an increased benefit, and
represent the next best value at increasing funding thresholds. The slope between two connected interventions represents cost-effectiveness: a steeper slope
represents poorer cost-effectiveness between interventions, while a shallow slope represents better cost-effectiveness.
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Figure 4-6. Cost-effectiveness acceptability curve for the complete cohort of migrants in terms of cost per QALY gained. The graph demonstrates the probability
an intervention is cost-effective at various willingness-to-pay thresholds in relation to the base case intervention.
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CHAPTER 5. PRE-IMMIGRATION LATENT TUBERCULOSIS
INFECTION SCREENING STRATEGIES IN NEW MIGRANTS
TO LOW-INCIDENCE COUNTRIES: A COST-EFFECTIVENESS
ANALYSIS

5.1 Background

The WHO has continued their push towards TB elimination, aiming to reduce the TB burden by
approximately 90% to <1 case per million persons in low incidence countries [70]. Meeting this target will require
new and innovative strategies. Typically, the TB burden in low-incidence countries is focused on migrant
populations, with approximately 70% of TB cases occurring in this population in Canada, the United States, and
much of Europe [3,4,342]. For the most part, TB prevention in migrants has focused on identifying people with
active TB before migration to stop transmission post-arrival. Yet, stagnant rates of TB in migrants suggest this is an
ineffective method to accelerate declines in TB incidence [343].

Universal or targeted post-arrival LTBI screening has been suggested by several low-incidence countries as
a method to accelerate TB declines [3,344-346], however these domestic LTBI programs exhibit suboptimal
performance [53], are resource intensive [97], and as demonstrated in Chapter 4 and elsewhere [192,201,202] have
questionable cost-effectiveness in many migrant populations. One major reason for the reduced effectiveness of
post-arrival LTBI screening programs is the significant attrition in the LTBI cascade of care. More than half of
migrants are lost to follow-up prior to having the opportunity to initiate treatment, which results in less than one-
fifth adequately completing a full course of therapy [53].

Currently, several immigrant-receiving, low TB incidence countries employ mandatory pre-immigration
medical exams [242]. As part of these medical exams, a CXR and medical evaluation are performed to detect TB
prior to migration or identify those who may be at increased risk of TB in the future and these costs are borne by the
patient within their country of origin. Only a select few employ some form of mandated LTBI screening [241] and
data are scarce on the yield of such programs.

A report sponsored by the United States Centre for Disease Control suggested mandatory LTBI screening

and treatment as part of these routine pre-immigration medical exams [347], however this strategy was viewed as
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inequitable and unjustly coercive [348] and has never been employed. Alternatively, mandating and fully sponsoring
only LTBI screening (i.e. the costs would be borne by the country they are immigrating to) as a formal part of the
immigration process would avoid such ethical quandaries and could significantly impact post-arrival TB incidence
in migrants. Utilization of screening results as a marker for post-immigration follow-up would improve the yield of
post-arrival LTBI screening programs by more than two-fold [53], as all migrants reporting post-immigration would
already have completed LTBI screening.

In this chapter, we evaluate the cost-effectiveness of mandating and fully sponsoring LTBI screening in
prospective migrants as part of routine pre-immigration medical exams. We evaluate six unique screening and
treatment combinations in migrants from four different TB incidence groups to determine the optimal strategy and

target TB incidence for this intervention.

5.2 Methods
5.2.1 Model Overview

DES was chosen for this model due to its flexibility in varying transition times between health states in a
single simulation, ability to simulate time continuously, and capability to model several different patient covariates
(allowing the creation of a highly representative migrant cohort), all of which are resource intensive in traditional
Markov models [193]. The populations of interest in this model were migrants from countries belonging to four
distinct TB incidence categories: (1) low, <30 cases per 100,000 persons per year; (2) moderate, >30 and <100 cases
per 100,000 persons per year; (3) high, >100 and <200 cases per 100,000 persons per year; (4) very high, >200 cases
per 100,000 persons per year.

The four populations of interest were further defined by four covariates. (1) Patient age, which was defined
based on an age distribution of a reference cohort of permanent residents to Canada in 2014 [93]. (2) BCG
vaccination, whose prevalence was determined through presence of a universal BCG vaccination policy in each
source country and adjusted by 36-year average BCG vaccine uptake [93,224,316]. (3) CXR; a reference cohort of
permanent residents to Ontario between 2002 and 2011 was used to identify prevalence of abnormal CXR [94],
which increases risk of active TB 3.9-fold [317]. (4) LTBI prevalence, which in each migrant population was
calibrated using two-year TB incidence in permanent resident cohorts to Ontario between 2002 and 2011 [94]. LTBI

prevalence was estimated using several assumptions. Firstly, it was assumed that 85% of reported TB cases in the
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cohorts from Ontario resulted from reactivation of imported LTBI [71-73]. Secondly, it was assumed that TB
reactivation did not change over time post-migration [244] with a rate of 1.1 cases per 1000 person years in
individuals with LTBI [73,219,319,328,349]. Lastly, the distribution of LTBI prevalence was assumed to
approximately match reported rates of IGRA positivity in migrants from each of the four TB incidence categories
reported in Chapter 3 [21].

The model evaluates three pre-immigration LTBI screening techniques and two post-arrival LTBI
treatment options, for a total of six unique strategies to compare to the base case in each population of interest
(Table 5-1). Individuals could be screened with a TST, IGRA, or SEQ where TST-positive individuals were given a
confirmatory IGRA. A positive TST result was defined as an induration measuring >10mm, while a positive IGRA
result was defined based on manufacturer’s recommendations with IGRA performance being a composite measure
of commercially available products [20,24,34]. While testing pre-immigration was mandated, post-immigration
follow-up and treatment were not mandated and instead assumed to be passive, as per current standard, following
published rates of follow-up post-arrival in several countries [322]. Test-positive migrants that successfully reported
post-arrival could be treated with nine-months of isoniazid or four-months of rifampin. The base case in this model
was considered to be pre-immigration TB screening (CXR, medical history, symptom screen) without any
evaluation for LTBI pre- or post-immigration.

The model took a healthcare system perspective for the fully sponsored and mandated pre-immigration
LTBI screening (i.e. all LTBI screening costs pre-immigration were the responsibility of the receiving healthcare
system, as well as typical post-arrival costs), utilized the standard 3% annual discount rate for costs and outcomes
[189], and had a twenty-five year time horizon from immigration. The main outcomes of the model were QALYS,
number of TB cases, and costs (2016 CAD) per 1000 migrants from each of the four populations analyzed. These
data were used to calculate other outcomes in comparison to the base case: the ICER for QALYs gained, the
incremental NMB, and percent reduction in longitudinal TB. A WTP threshold of $100,000 per QALY gained was
adopted based on recommendations of the WHO and other economic experts [189,324,325,350].

A simplified model structure is displayed in Figure 5-1. Migrants modeled to intervention were given a
mandatory LTBI diagnostic test simultaneously with the rest of their medical exam; test-positive migrants were
referred for post-immigration follow-up. All migrants were followed up 25-years from arrival. Post-immigration

follow-up was passive. Those with untreated LTBI adhering with post-immigration follow-up were recommended
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LTBI therapy. After initiating treatment, migrants could complete a full course, partially complete treatment, or
cease treatment due to an adverse event that may result in death. After treatment, all migrants were simulated to the
time horizon, with annual risks of TB reactivation and death. Several assumptions were made. Migrants with
previous TB or an abnormal CXR [94] identified during the pre-immigration medical exam were also referred for
follow-up post arrival. Losses to follow-up during the LTBI cascade of care were eliminated when an intervention
was part of a pre-immigration medical exam as this was modeled to be mandatory (e.g. in domestic LTBI programs
78% of individuals complete a medical evaluation; in this model there would be 100% completion). Self-cure from
LTBI was not modeled. It was assumed that all test-positive migrants were offered LTBI treatment, to limit
extrapolation of care provider decisions to offer and/or initiate treatment. Drug resistant TB was not considered in
this model. All reactivation TB cases had a 17.6% chance of causing a secondary case; further transmission was not
modeled. The model’s internal validity was examined through several experiments to ensure it operated as intended
and its outputs were then compared to the data source used to inform it to ensure external validity.

All modeling was completed in Simio (Version 8.146.14121, Simio LLC, Sewickley, PA) and run using

Simio Replication Runner.

5.2.2 Model Parameters

All model estimates were derived from the literature or expert opinion, with preference to systematic
reviews and meta-analyses (Table 5-2). A meta-analysis provided evidence for domestic LTBI program
performance (e.g. treatment completion) [53], therapy efficacy was derived from the literature [51,57,59], and
adverse events were retrieved from several randomized controlled trials [120-123,339]. Diagnostic performance of
LTBI screening tests was derived from Chapter 2 and several systematic reviews and was modeled to be the same in
each country [20,24,34]. Canadian life tables provided estimates of background mortality [326]. Adherence with
post-immigration follow-up in test-positive migrants was estimated via re-analysis of post-immigration follow-up
data [94,222,351-361] reported in a recent meta-analysis [322] (Figure 5-2). Death from tuberculosis [3],
probability of TB therapy extension [119], and relapse rate [341] were derived from Canadian sources.

All costs were derived from Canadian sources and it was assumed the costs of LTBI diagnostic tests were
equal to costs incurred in Canada when performed prior to immigration (i.e. the cost of a TST in Canada was

assumed to be the same in a migrant’s country of origin). Costs for LTBI treatment and screening were derived from
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the BCCDC (personal communication). These costs included the cost of drugs, screening tests, routine monitoring,
and clinician time. Adverse event costs, including hospitalization rates and time, were estimated from the literature
[119,330]. The cost of managing a TB case was derived from Canadian data [221,330]. All costs were converted or
inflated to 2016 Canadian dollars ($).

Health utility data were derived from a Canadian study [331] in new migrants who reported for post-
immigration follow-up. Health utility adjustments due to adverse events or hospitalization were derived from the

literature [119,330,333].

5.2.3 Sensitivity Analysis

A PSA was performed to capture uncertainty around model estimates. Uncertainties around input
parameters form the literature were modeled using relevant distributions (e.g. beta, log-normal); cost estimates were
modeled using triangular and gamma distributions. In situations where the uncertainty was difficult to define, expert
opinion was used. The PSA was performed with an outer sample size of 2000 and inner sample size of 50,000.
CEACs were created for the base case vs. the intervention with the largest incremental NMB at each WTP threshold.
Efficiency frontiers [200] for costs and QALY's were created using the average results of the PSA.

Various exploratory sensitivity analyses were performed. We analyzed the impact of limiting LTBI
screening by age on outcomes. We then analyzed the impact certain parameters may have on cost-effectiveness
including: modeling low LTBI therapy uptake post-landing, ensuring 100% adherence in post-landing follow-up,
ensuring 100% adherence and participation in all steps of the LTBI cascade of care, extending the time horizon,
altering TB reactivation rate, and modeling high and low estimates of costs. Parameters chosen for each exploratory

analysis are listed in Table 5-2.

5.3 Results
5.3.1 Overall Results

The most effective screening intervention was the IGRA, reducing incident TB by more than 40% in
migrants from all TB incidences. TST screening identified the most migrants for post-arrival follow-up, while
sequential screening identified the fewest. Isoniazid treatment was associated with fewer cases of TB, however
significantly higher costs than rifampin. Summary results are presented in Table 5-3 stratified by TB incidence in

country of origin.
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5.3.1.1 Low Incidence Countries

No intervention was cost-effective when applied in low incidence countries. Utilizing any screening
method other than IGRA resulted in a net loss in population QALYs due to the poor specificity of the TST.
Screening with an IGRA followed by post-arrival treatment with rifampin was the most attractive option if screening

was to be implemented, with a cost per QALY gained of $581,942.

5.3.1.2 Moderate Incidence Countries

IGRA screening with post-arrival rifampin treatment was the optimal intervention in moderate incidence
countries with a cost per QALY gained of $48,993 and the largest incremental NMB at $92,059. Sequential
screening followed by rifampin treatment provided the lowest cost per QALY ($47,374), but yielded a lower

incremental NMB ($84,977).

5.3.1.3 High Incidence Countries

Similar to moderate incidence countries, IGRA followed by rifampin treatment was the optimal
intervention, having a cost per QALY gained of $49,035 and maximizing the incremental NMB ($102,124). A cost
per QALY gained of $46,303 was found with sequential screening and rifampin, yet similar to moderate incidence

countries, it provided a lower incremental NMB of $98,750.

5.3.1.4 Very High Incidence Countries
IGRA screening was the most cost-effective intervention in very high incidence countries. While follow-up
rifampin treatment provided a lower ICER ($33,696) than isoniazid treatment ($43,290) they had nearly identical

incremental NMB’s of $223,683 and $223,704, respectively, suggesting both are attractive options.

5.3.2 Probabilistic Sensitivity Analysis
5.3.2.1 Low Incidence Countries

In low incidence countries, IGRA screening followed by rifampin treatment yielded the highest incremental
NMB (Table 5-4). This intervention had a probability of resulting in a higher NMB than the base case of 48.4% at a
WTP threshold of $100,000 per QALY (Figure 5-3) and was the only intervention to fall on the efficiency frontier

(Figure 5-4).
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5.3.2.2 Moderate Incidence Countries

When evaluating screening in moderate incidence countries, IGRA screening followed by rifampin
treatment provided the largest incremental NMB (Table 5-4). When comparing this intervention to the base case,
past a WTP threshold of $50,000 per QALY, this intervention had a probability of providing the highest NMB
>50% (Figure 5-5). Similar to low incidence countries, this intervention was the only intervention on the efficiency

frontier (Figure 5-6)

5.3.2.3 High Incidence Countries

In high incidence countries, sequential screening followed by rifampin treatment had the largest
incremental NMB (Table 5-4). When compared only to the base case, this intervention had a probability >50% for
yielding the highest NMB past a WTP threshold of $30,000 (Figure 5-7). IGRA screening followed by rifampin or
isoniazid also fell on the frontier, however they provided smaller incremental NMB than sequential screening

followed by rifampin and should not be considered at a WTP threshold of $100,000 per QALY (Figure 5-8).

5.3.2.4 Very High Incidence Countries

In very high incidence countries, IGRA screening followed by rifampin treatment resulted in the largest
incremental NMB (Table 5-4). This intervention had a probability of having a higher NMB than the base case alone
of >50% past a WTP threshold of $20,000 per QALY (Figure 5-9) and was the only intervention to be included in

the efficiency frontier (Figure 5-10).

5.3.3 Exploratory Sensitivity Analysis

Results of the exploratory analysis are reported in Table 5-5, Table 5-6, Table 5-7, and Table 5-8, for
migrants from low, moderate, high, and very high TB incidence countries, respectively. Changes from the base case
were consistent between migrants from different TB incidences.

Only screening certain portions of new migrants based on age did not significantly impact cost per QALY
gained, but did lessen the overall reductions in TB incidence seen. In the case of limiting screening to those <35
years old, the reduction in TB incidence was halved. Mandating post-arrival follow-up improved the reduction in TB
incidence by 40% compared to a passive system and did not significantly impact ICERs. On the contrary, if we

modelled initiation of LTBI therapy at an extreme low value of 63.5%, reduction in TB incidence was reduced by
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approximately 30%. This further impacted decisions on which intervention was likely to be the most cost-effective.
Fully mandating all parts of the LTBI cascade of care (i.e. all test-positive migrants must report, initiate, and
complete treatment, except in cases of adverse events) increased overall costs of interventions approximately 40%,
but overall reductions in TB incidence exceeded 80% and ICERs were significantly lower when compared to the
base case.

When assuming rifampin was just as effective as isoniazid, pre-immigration screening with an IGRA
followed by post-arrival rifampin treatment was the most cost-effective option with an ICER of $24,273 per QALY
gained in very high incidence countries. Using a lifetime time horizon significantly improved cost-effectiveness of
interventions, yielding an ICER <$100,000 per QALY gained for at least one intervention, regardless of TB
incidence in country of origin. Adjusting reactivation rate or costs did not significantly impact ICERs, but did
impact the overall cost of interventions. In the case of adjusting reactivation rate, this was due to increasing or

decreasing the number of individuals with LTBI.

5.4 Discussion

Fully sponsored and mandated pre-immigration LTBI screening followed by post-arrival treatment in new
migrant applicants from countries with a TB incidence >30 cases per 100,000 persons appears to be an impactful
and cost-effective method for reducing TB incidence post-landing. IGRA screening followed by post-arrival
rifampin treatment provided the largest incremental NMB in each TB incidence category. This intervention reduced
TB incidence by >40% in migrants and yielded ICER’s <$50,000 per QALY.

Sensitivity analyses indicated that pre-immigration IGRA screening followed by rifampin treatment post-
arrival to be the logical choice of intervention, providing the highest benefit at the second lowest cost. Our baseline
assumption of poorer effectiveness of rifampin (80%) compared to isoniazid (93%) and assumption that partial
treatment of rifampin did not result in any benefit, did not preclude rifampin from being the most cost-effective
treatment option in migrants from moderate to very high TB incidence countries. A multicenter randomized
controlled trial [362] assessing the effectiveness of rifampin compared with isoniazid may inform future analyses
and may further emphasize rifampin as the favored agent for LTBI therapy.

Setting aside the ethical implications, the impact of mandating post-arrival follow-up is significant—

improving TB reduction by approximately 40% with no major changes in the cost-effectiveness compared with the
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current standard of practice. Looking broader and considering treatment, fully sponsoring and mandating LTBI
treatment doubled the reduction in TB incidence, resulting in more than 80% of future incident TB cases being
averted with no increase in the ICER. Indeed, these analyses show the true potential of a fully sponsored and
optimized LTBI program, enabling target setting.

Due to the low prevalence of LTBI in migrants from countries with a TB incidence <30 cases per 100,000
persons, LTBI screening is not cost-effective and may unnecessarily expose a significant number of uninfected
individuals to treatment. Further scrutiny is required to decide which, if any, migrants to screen from low incidence
countries. Other factors, such as medical history, co-morbid conditions, and demographic characteristics may need
to be considered for such an intervention to be economically sound and not expose a significant amount of
individuals to unnecessary treatment. Further stressing this fact is the disagreement between changes in TB
incidence and population QALYs. While it would be expected for population QALYS to increase as TB incidence
decreases, in migrants from low incidence countries, this trend was not seen with many interventions, suggesting the
harm of inappropriate LTBI treatment outweighed the benefit of averted TB.

While these results suggest significant domestic benefit to mandating and fully sponsoring pre-immigration
LTBI screening in moderate to very high TB incidence countries, several factors would need to be carefully
examined. Firstly, IGRA use in high-income settings suffers from variability, in part related to several operational
issues [363]. Similarly, TST variability remains an issue [29,364]. In both cases, test variability may be exacerbated
in low-income settings. This model did not consider the costs of program initiation and maintenance, necessitating a
comprehensive pilot testing and evaluation prior to implementation. A crude method of calculating the maximum to
invest in program initiation and/or maintenance per year would be to calculate the incremental NMB using a
healthcare providers WTP threshold. In this study, using IGRA screening in very high incidence countries results in
a value of approximately $223,000 per 1000 migrants. This value can be juxtaposed against the operating costs of
such a program to guide investment.

This model assumes that the costs of the pre-immigration medical exam are currently borne by the
immigrant applicant and that the additional LTBI screening step is the responsibility of the receiving healthcare
system. In countries where this is not the case, the addition of the cost of a pre-immigration CXR ($54) and cost of
TB treatment ($10) proportional to the active TB discovery rate during these exams (0.05%) did not result in any

conclusion changes. Additionally, this model only considered the costs of individuals that began and completed the
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immigration process. Based on Canadian data, however, it appears that only approximately 50-60% of those who
begin the immigration process successfully land in Canada [3,94]. In migrants from very high incidence countries,
doubling pre-immigration screening costs resulted in an ICER of approximately $50,000 (a 48% increase) when the
intervention was IGRA and rifampin. Additionally, the feasibility of this intervention must be considered. In a
country like Canada, two to three percent of migrants are currently requested to follow-up post arrival based on pre-
immigration medical exams [3,94]. Implementing pre-immigration IGRA screening only in migrants from moderate
to very high incidence countries would result in 17.6% requiring follow-up in a typical migrant cohort [93,94].
Despite this large number, the total number of TB cases in Canada could drop 3.4% in the first year [3,93,94].

Mandatory pre-immigration LTBI screening may pose an ethical dilemma, as there will always be a
proportion of the population without LTBI exposed to therapy unnecessarily. While this is particularly evident in
migrants from low incidence countries, the effect of poor test specificity is always present, with nearly 30 per 1000
uninfected individuals IGRA screened misdiagnosed with LTBI [24,34].

Regardless of how pre-immigration LTBI screening is implemented, investment in LTBI infrastructure in
high TB incidence settings will be essential for global TB elimination. Evidence suggests that introduction of routine
pre-immigration TB screening by many high-income, low TB incidence countries has contributed to improving
infrastructure for TB programs in low-income areas [365]. Further introducing LTBI screening as part of these
routine medical exams may have similar impact.

The concept of pre-immigration LTBI screening has previously been explored from a cost-effectiveness
perspective. Schwartzman and Menzies [209] examined the idea of pre-immigration LTBI screening in addition to
standard pre-immigration CXR. The cost per TB case prevented was approximately $67,000 (1997 CAD). In our
study, using this strategy in very high incidence countries resulted in a cost per TB case prevented of approximately
$77,000 (2016 CAD). Schwartzman and colleagues [210] revisited this idea and investigated the cost associated
with performing a TST in all new legal immigrants from Mexico (a low TB incidence country), resulting in a cost
per TB case prevented of $648,379 (2003 USD). Using this same strategy in our study resulted in a cost per TB case
prevented of $979,417 (2016 CAD). Other studies have been performed that suggest investigation of pre-
immigration LTBI screening due to the economic constraints of post-immigration interventions [94,133,222]. With

more recent data, our study demonstrates the potential impact this intervention can have in variable settings.
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In this chapter we assumed that all individuals were recommended treatment when they are test-positive.
This is not necessarily the case as the benefit of treatment may be outweighed by the risk of serious adverse events
in specific individuals. In migrants from low TB prevalence countries this was clearly elicited from the results of our
analysis, yet it is an important consideration for migrants from moderate to very high incidence countries as well.
Migrants from these regions will be at variable risk of reactivation dependent on social factors and co-morbidities.
We have shown in this model that the public benefits of mass treatment applied to individuals from moderate to very
high TB incidence countries testing positive with an IGRA pre-immigration outweigh the potential benefits and risks
to the individual receiving rifampin therapy post-arrival. Yet, when migrants attend the clinic post-arrival it is a
concern of the attending physician what the potential risks and benefits of LTBI treatment are and treatment may not
be offered in such a universal manner. An analysis of further scrutinizing LTBI treatment in these populations to
those at increased risk of TB will be required to determine where best to focus treatment. While the
recommendations stemming from this subsequent analysis may well result in a reduction the overall public benefit,
it will certainly reduce the number of people exposed to treatment when the risks outweigh the benefits on an
individual level.

This chapter is not without further limitations. Two-year TB incidence data from several consecutive
cohorts were used to estimate LTBI prevalence. These data however fit well with reported LTBI prevalence
estimates [21]. The reactivation rate of LTBI was derived from the literature, yet as many were based on TB
incidence in those who were TST positive, it is possible that literature estimates have underestimated true
reactivation due to the predictive value of the TST. Further to this point, a universal reactivation rate was assumed of
1.1 per 1000 per years. While this rate reflects a population “average” a more nuanced analysis of cost-effectiveness
decisions change based on reactivation rates is required to better target therapy and not unnecessarily expose lower-
risk individuals. Finally, we assumed that TB reactivation was constant, which while demonstrated [244,366], goes
against the common paradigm of decreasing risk over time [367]. Where possible, sensitivity analyses were

performed to view the impact our limitations may have on our results in an effort to better inform decision makers.

5.5 Conclusions

Mandated pre-immigration LTBI screening with an IGRA has the potential to be highly cost-effective

when applied in moderate, high, and very high TB incidence countries. Further research into better targeting this
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intervention to population subgroups at highest risk of progression is required to limit the individual risk associated
with LTBI treatment. Implementing and evaluating pilot screening programs in countries with elevated TB
incidence to population subgroups with already identified risk factors to TB is likely to be of value to high-income,

immigrant receiving countries.
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5.6 Tables

Table 5-1. Interventions explored

Intervention

Description

Pre-Immigration Intervention

Post-Arrival Intervention (if required)

Base Case

TB screening as part of routine pre-immigration medical exams,
consisting of a CXR, medical history, and symptom screen. If a
migrant is diagnosed with TB, they must complete treatment
before immigrating.

None.

TST/INH

TST/RIF

In addition to the base case, a TST is placed at the time of the
medical exam. If the result is positive (as defined by an
induration >10mm) the migrant is referred for follow-up post-
arrival. If the TST result is negative, no further action is taken.

Test-positive migrants are recommended to follow-up post-
arrival (passively). Should they report, a nine-month course of
INH would be recommended.

Test-positive migrants are recommended to follow-up post-
arrival (passively). Should they report, a four-month course of
RIF would be recommended.

IGRA/INH

IGRA/RIF

In addition to the base case, an IGRA is placed at the time of the
medical exam. If the result is positive (as defined by the
manufacturer) the migrant is referred for follow-up post-arrival.
If the IGRA result is negative, no further action is taken. If the
IGRA result is indeterminate, a second is performed and the
correct action taken; a second consecutive indeterminate is
treated as a negative.

Test-positive migrants are recommended to follow-up post-
arrival (passively). Should they report, a nine-month course of
INH would be recommended.

Test-positive migrants are recommended to follow-up post-
arrival (passively). Should they report, a four-month course of
RIF would be recommended.

SEQ/INH

SEQIRIF

In addition to the base case, a TST is placed at the time of the
medical exam. If the result is positive (as defined by an
induration >10mm) the migrant is referred for a second test with
an IGRA. If the subsequent IGRA result is positive (as defined
by the manufacturer) the migrant is referred for follow-up post-
arrival. If the initial TST is negative or if the subsequent IGRA is
negative, no further action is taken. If the IGRA result is
indeterminate, a second is performed and the correct action
taken; a second consecutive indeterminate is treated as a
negative.

Test-positive migrants are recommended to follow-up post-
arrival (passively). Should they report, a nine-month course of
INH would be recommended.

Test-positive migrants are recommended to follow-up post-
arrival (passively). Should they report, a four-month course of
RIF would be recommended.

TST: tuberculin skin test; IGRA: interferon-gamma release assay; SEQ: sequential screening; INH: isoniazid; RIF: rifampin; CXR: chest x-ray; TB: tuberculosis
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Table 5-2. Model parameters and values for sensitivity analyses

Values in Exploratory

Parameter Estimate Range for PSA Sensitivi . Reference
ensitivity Analysis
Costs
Full INH Treatment $992 Triangular, 804-1179 $804, $1179 BCCDC, [330,337]
Drug Costs $181
Nurse and Clinician Costs $741
Follow-up CXR $42
Routine Tests $28
Full RIF Treatment $575 Triangular, 464-686 $464, $686 BCCDC, [330,337]
Drug Costs $98
Nurse and Clinician Costs $421
Follow-up CXR $42
Routine Tests $14
Partial INH $462 Triangular, 174-804 $174, $804 BCCDC, [330,337]
Partial RIF $319 Triangular, 178-464 $178, $464 BCCDC, [330,337]
Complete TST $31 Triangular, 24-38 $24, $38 BCCDC, [330,337]
TST Cost $11
Nurse Costs (Two Visits) $20
Incomplete TST $21 Triangular, 17-25 $17, $25 BCCDC, [330,337]
IGRA $54 Triangular, 31-62 $31, $62 BCCDC, [330,337]
Kit and Technician Cost $47
Nurse Costs $7
CXR $42 Triangular, 32-52 - BCCDC, [330,337]
Cost per X-Ray $35
Nurse Costs $7
Tuberculosis $20,532 Gamma(4.1064,5000) $16,730, $24,334 Expert Opinion, [221,330]
LTBI Adverse Event $732 Triangular, 549-916 $549, $916 [330]
Hospitalization $6641 Triangular, 5305-9985 $5305, $9985 [119]
Death $26,933 Triangular, 13,079-40,788 $13,079, $40,788 [338]

All costs are in 2016 CAD.

PSA: Probabilistic Sensitivity Analysis; INH: Isoniazid; RIF: Rifampin; BCCDC: British Columbia Centre for Disease Control; TST: Tuberculin Skin Test; IGRA: Interferon-Gamma Release Assay;

CXR: Chest X-Ray; LTBI: Latent Tuberculosis Infection; TB: Tuberculosis
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Table 5-2. Continued

Values in Exploratory

Parameter Estimate Range for PSA Sensitivi . Reference
ensitivity Analysis
QALYs
LTBI 0.81 Beta(9.49,2.23) - [331-333]
Healthy 0.81 Beta(7.85,1.84) - [331-333]
Adverse Event Disutility 0.2 Triangular, +25% - [119,330]
TB 0.69 Beta(6.84,3.07) - [331-333]
Hospitalization 0.5 Triangular, +25% - [119]
Dead 0 - - Standard
Screening Parameters
TST Sensitivity 0.782 Beta(43,12) - Chapter 2, [20,24]
TST Specificity (No BCG) 0.974 Beta(770,21) - [24,34]
TST Specificity (BCG) 0.602 Beta(239,158) - [24,34]
IGRA Sensitivity 0.889 Beta(8,1) - Chapter 2, [20,24]
IGRA Specificity 0.957 Beta(900,40) - [24,34]
IGRA Indeterminatef 0.06 Beta(83,1286) - [34]
Complete TST+ 1 - - [53,303]
Complete Medical Evaluation® 1 - - [53]
Population Characteristics
LTBI Prevalence: Very High Incidence 0.3162 Varied with Reactivation Rate Varied with Reactivation Rate [94]
LTBI Prevalence: High Incidence 0.2016 Varied with Reactivation Rate Varied with Reactivation Rate [94]
LTBI Prevalence Moderate Incidence 0.0902 Varied with Reactivation Rate Varied with Reactivation Rate [94]
LTBI Prevalence Low Incidence 0.0159 Varied with Reactivation Rate Varied with Reactivation Rate [94]
Abnormal CXR or Previous TB 0.024 - - [94]
Adherence of Post-Landing Follow-up* 0.684 Beta(404.50,186.87) 1 [322]

{Treated as a negative result if it occurred; was equally likely to occur in those with and without LTBI
+Without being mandatory, this value is 63.5% (imputed from 43.4% of migrants completing screening when 68.4% adhere with a follow-up appointment) [53]
°Without being mandatory, this value is 78% (imputed from 43.7 of 56 individuals completing medical evaluation) [53]

*See Figure 5-2.

Very High Incidence: >200 cases per 100,000; High Incidence: >100 and <200 cases per 100,000; Moderate Incidence: >30 and <100 cases per 100,000; Low Incidence: <30 cases per 100,000
QALY: Quality Adjusted Life Year; PSA: Probabilistic Sensitivity Analysis; INH: Isoniazid; RIF: Rifampin; TST: Tuberculin Skin Test; IGRA: Interferon-Gamma Release Assay; CXR: Chest X-Ray;

LTBI: Latent Tuberculosis Infection; TB: Tuberculosis
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Table 5-2. Continued

Values in Exploratory

Parameter Estimate Range for PSA Sensitivi . Reference
ensitivity Analysis
Treatment Parameters
Initiate* 0.938 Beta(180.83,11.95) 0.635, 1 [53]
Complete INH 0.616 Beta(131.66,82.07) 1t [53]
Complete RIF 0.814 Beta(76.85,17.56) 17 [53]
Adverse Event INH 0.060 Beta(134,2095) 0.12 [120-123,339]
Adverse Event RIF 0.027 Beta(56,2043) 0.07 [120-123,339]
Hospitalization | AE 0.01 Beta(1,99) 0.02 [119]
Death INH 0.00000988 Beta(2,202495) - [340]
LTBI Risk Reduction INH 0.93 Normal(-2.597,0.461)§ = [51]
LTBI Risk Reduction RIF 0.8 Normal(-1.609,0.500)§ 0.93 [57,59]
Partial Risk Reduction INH 0.346 Combination of Normal Distributionsg+ - [51,120-123,339]
Partial Risk Reduction RIF 0 Normal(-0.693,0.300)§ - [57,59]
Adverse Event Duration 7 days Gamma(0.7,10) - Expert Opinion, [119]
TB Parameters
Death from TB 0.0476 Beta(76,1523) - [3]
Reactivation Rate 0.0011 Beta(90.92,82545.55) 0.0009, 0.0013 [73,219,318-321,327-329]
Abnormal CXR Risk Change 3.9 Normal(1.36,0.15)§ z [317]
Extended Therapy 0.124 Beta(2.366,16.713) - Expert Opinion, [119]
Relapse Rate 0.0359 Normal(-3.327,0.365)§ = [341]
Model Parameters
BCG Vaccination (<30 cases) 0.605 Beta(45137,29502) - [224]
BCG Vaccination (>30 cases) 0.998 Beta(185381,384) - [224]
BCG Vaccination Uptake 0.837 - - [316]
Discount Rate 0.03 - 0 [189]
Time Horizon 25 years - Lifetime -

*This model assumes all who report post-landing due to a positive pre-immigration LTBI diagnostic test are offered treatment. Exploratory analysis adjusts this assumption so that only the number of
migrants who would complete TST screening begin treatment.

1This is assuming 100% of those who do not default to due adverse event will complete therapy (e.g. for isoniazid, this will equate 94% of people completing with an adverse event rate of 6%).
8Results from this distribution are exponentiated

tFormula: 0.33*(Normal(-1.168,0.228))+0.374*(Normal(-0.381,0.169))+0.293*1

PSA: Probabilistic Sensitivity Analysis; INH: Isoniazid; RIF: Rifampin; AE: Adverse Event; LTBI: Latent Tuberculosis Infection; TB: Tuberculosis
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Table 5-3. Results of implementing pre-immigration LTBI screening as part of routine medical examinations

Percent Identified Costs per 1000 Total QALYs TB Cases Reduction in Cost per QALY Incremental Net
Intervention for Post-Arrival migrants ($) per 1000 per 1000 TB Incidence ained (9) Monetary Benefit
Follow-up (%0) 9 migrants migrants (%) 9 $)
Low TB Incidence
Base Case 0.82 8,988 13,762.3 0.42 - -
TST/INH 22.99 166,309 13,762.3 0.26 38.22 Dominated -164,278
TST/RIF 22.99 124,062 13,762.0 0.27 35.87 Dominated -152,614
IGRA/INH 6.43 98,336 13,762.5 0.24 43.64 655,630 75,720
IGRA/RIF 6.43 86,720 13,762.5 0.25 40.93 581,942 -64,374
SEQ/INH 4.02 71,255 13,762.3 0.27 35.65 Dominated -67,842
SEQ/RIF 4.02 64,156 13,762.1 0.29 31.89 Dominated -82,075
Moderate TB Incidence
Base Case 2.88 55,294 13,736.6 2.58 - - -
TST/INH 38.96 286,636 13,738.5 1.55 39.97 120,246 -38,951
TST/RIF 38.96 214,987 13,738.2 1.61 37.49 Strict Dominance 2,913
IGRA/INH 14.52 168,965 13,738.0 1.46 43.49 Strict Dominance 35,343
IGRA/RIF 14.52 143,717 13,738.4 1.53 40.67 48,993 92,059
SEQ/INH 11.99 152,372 13,738.3 1.62 37.14 Strict Dominance 77,225
SEQ/RIF 11.99 131,792 13,738.2 1.69 34.36 47,374 84,977
High TB Incidence
Base Case 2.79 119,282 13,703.5 5.57 - - -
TST/INH 44.24 353,091 13,705.8 3.40 39.05 100,935 -2,165
TST/RIF 44.24 274,602 13,705.6 3.55 36.23 Strict Dominance 63,343
IGRA/INH 23.60 257,282 13,705.7 3.18 42.89 62,440 83,014
IGRA/RIF 23.60 217,539 13,705.5 3.36 39.63 49,035 102,124
SEQ/INH 19.13 236,934 13,705.7 3.56 36.07 53,790 101,074
SEQ/RIF 19.13 204,434 13,705.3 3.70 33.61 46,303 98,750
Very High TB Incidence
Base Case 3.87 178,665 13,668.7 8.34 - - -
TST/INH 49.82 421,783 13,672.2 5.15 38.23 Strict Dominance 106,622
TST/RIF 49.82 334,567 13,672.1 5.38 35.48 Strict Dominance 176,048
IGRA/INH 33.86 349,429 13,672.7 4.81 42.38 43,290 223,704
IGRA/RIF 33.86 292,344 13,672.1 5.07 39.27 33,696 223,683
SEQ/INH 27.45 325,391 13,672.0 5.40 35.28 Strict Dominance 180,529
SEQ/RIF 27.45 279,006 13,671.9 5.61 32.79 32,013 213,098

QALY: quality adjusted life year; TB: tuberculosis; TST: tuberculin skin test; IGRA: interferon-gamma release assay; SEQ: sequential screening; INH: isoniazid; RIF: rifampin

Dominated: This intervention has higher costs and worse outcomes compared to the base case; Extended Dominance: This intervention is more effective than the base case, but has a higher cost per

QALY gained compared to a more effective intervention that has a higher cost; Strict Dominance: This intervention is more expensive and has worse outcomes than another intervention.
Very High Incidence: >200 cases per 100,000; High Incidence: >100 and <200 cases per 100,000; Moderate Incidence: >30 and <100 cases per 100,000; Low Incidence: <30 cases per 100,000

All costs in 2016 CAD
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Table 5-4. Average PSA results of implementing pre-immigration LTBI screening as part of routine medical examinations

Percent Identified TB Cases Reduction in Incremental Net
Intervention for Post-Arrival Cos_ts pe: 1%00 TEB%OQALYS Eer per 1000 TB Incidence Cost per ng‘LY Monetary Benefit
Follow-up (%0) migrants (3) migrants migrants (%) gained () $)

Low TB Incidence

Base Case 0.82 8,896 14,885.7 0.42 - -

TST/INH 23.00 166,872 14,885.9 0.26 36.99 Strict Dominance -140,366

TST/RIF 23.00 123,624 14,886.1 0.26 38.58 Strict Dominance -75,952

IGRA/INH 6.45 93,524 14,885.8 0.24 42.48 Strict Dominance -75,165

IGRA/RIF 6.45 81,392 14,886.1 0.24 42.44 164,626 -28,459

SEQ/INH 4.03 70,505 14,885.6 0.28 33.39 Dominated -73,318

SEQ/RIF 4,03 62,764 14,885.9 0.27 35.54 Extended Dominance -36,328
Moderate TB Incidence

Base Case 2.88 55,109 14,857.8 2.59 - -

TST/INH 39.53 287,763 14,859.3 1.57 39.53 Strict Dominance -81,973

TST/RIF 39.53 213,132 14,859.5 1.54 40.41 Strict Dominance 15,574

IGRA/INH 14.60 164,699 14,859.3 1.47 43.11 Strict Dominance 48,372

IGRA/RIF 14.60 136,858 14,859.6 1.45 44.07 44,027 103,929

SEQ/INH 12.07 151,490 14,859.6 1.65 36.46 Strict Dominance 86,234

SEQ/RIF 12.07 128,432 14,859.2 1.62 37,51 Extended Dominance 71,115
High TB Incidence

Base Case 2.79 119,446 14,820.5 5.61 - -

TST/INH 44.35 354,495 14,823.3 3.43 38.80 Strict Dominance 48,802

TST/RIF 44.35 270,572 14,823.7 3.39 39.62 Strict Dominance 173,360

IGRA/INH 23.77 253,997 14,823.8 3.22 4255 39,832 203,243

IGRA/RIF 23.77 207,945 14,823.8 3.16 43.68 26,467 245,875

SEQ/INH 19.29 236,174 14,823.2 3.60 35.76 Strict Dominance 154,262

SEQ/RIF 19.29 199,288 14,823.8 3.56 36.55 23,955 253,460
Very High TB Incidence

Base Case 3.87 179,085 14,782.6 8.41 - -

TST/INH 50.00 424,059 14,786.6 5.21 38.03 Strict Dominance 154,322

TST/RIF 50.00 328,767 14,786.9 5.13 39.03 Strict Dominance 283,535

IGRA/INH 34.13 347,234 14,787.2 4.89 41.90 Strict Dominance 294,474

IGRA/RIF 34.13 281,369 14,787.4 4.80 42.97 21,022 384,281

SEQ/INH 27.45 325,448 14,786.6 5.48 34.88 Strict Dominance 253,042

SEQ/RIF 27.45 272,233 14,786.9 5.40 35.77 Extended Dominance 334,586

QALY: quality adjusted life year; TB: tuberculosis; TST: tuberculin skin test; IGRA: interferon-gamma release assay; SEQ: sequential screening; INH: isoniazid; RIF: rifampin

Dominated: This intervention has higher costs and worse outcomes compared to the base case; Extended Dominance: This intervention is more effective than the base case, but has a higher cost per
QALY gained compared to a more effective intervention that has a higher cost; Strict Dominance: This intervention is more expensive and has worse outcomes than another intervention.
Very High Incidence: >200 cases per 100,000; High Incidence: >100 and <200 cases per 100,000; Moderate Incidence: >30 and <100 cases per 100,000; Low Incidence: <30 cases per 100,000

All costs in 2016 CAD
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Table 5-5. Results of exploratory sensitivity analyses in migrants from low TB incidence countries

Intervention Costs per 1000 Total QALYS per TB Cases per 1000 Reduction in TB Cost per QALY
migrants ($) 1000 migrants migrants Incidence (%) gained ($)
Only Screen <60 year olds
TST/INH 160,167 13,762.1 0.27 36.32 Dominated
TST/RIF 119,619 13,762.2 0.28 33.25 Dominated
IGRA/INH 94,632 13,762.5 0.25 41.35 Strict Dominance
IGRA/RIF 83,610 13,762.6 0.26 38.58 292,362
SEQ/INH 68,616 13,762.5 0.28 33.36 Extended Dominance
SEQ/RIF 61,820 13,762.1 0.29 30.43 Dominated
Only Screen <35 year olds
TST/INH 120,224 13,761.8 0.35 17.67 Dominated
TST/RIF 90,638 13,761.8 0.35 16.70 Dominated
IGRA/INH 71,057 13,762.3 0.34 18.88 Dominated
IGRA/RIF 63,647 13,762.3 0.35 17.30 Dominated
SEQ/INH 51,639 13,762.4 0.35 16.53 1,798,852
SEQ/RIF 47,226 13,761.9 0.35 16.05 Dominated
Only Screen 10-60 year olds
TST/INH 136,122 13,762.2 0.28 34.31 Dominated
TST/RIF 101,937 13,762.7 0.29 31.89 245,212
IGRA/INH 81,713 13,762.1 0.27 36.83 Dominated
IGRA/RIF 71,982 13,761.8 0.27 35.38 Dominated
SEQ/INH 59,744 13,762.3 0.29 31.29 Dominated
SEQ/RIF 53,656 13,762.1 0.30 29.11 Dominated
Only 63.5% Initiate Therapy After Arrival
TST/INH 127,463 13,762.2 0.31 27.07 Dominated
TST/RIF 98,791 13,762.5 0.31 26.30 584,302
IGRA/INH 88,413 13,762.4 0.29 30.21 Extended Dominance
IGRA/RIF 80,510 13,762.2 0.30 28.54 Dominated
SEQ/INH 65,238 13,762.3 0.32 24.64 Extended Dominance
SEQ/RIF 60,315 13,762.2 0.32 23.45 Dominated

Base Case Results — Costs: $8988; QALYs: 13,762.3; TB Cases: 0.42

QALY: quality adjusted life year; TB: tuberculosis; TST: tuberculin skin test; IGRA: interferon-gamma release assay; SEQ: sequential screening; INH: isoniazid; RIF: rifampin; PY: person years
All costs in 2016 CAD

Dominated: This intervention has higher costs and worse outcomes compared to the base case; Extended Dominance: This intervention is more effective than the base case, but has a higher cost per
QALY gained compared to a more effective intervention that has a higher cost; Strict Dominance: This intervention is more expensive and has worse outcomes than another intervention.
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Table 5-5. Continued

Intervention Costs per 1000 Total QALYS per TB Cases per 1000 Reduction in TB Cost per QALY
migrants ($) 1000 migrants migrants Incidence (%) gained ($)

100% Adherence to Post-Arrival Follow-up
TST/INH 224,798 13,762.0 0.19 55.42 Dominated
TST/RIF 163,173 13,762.1 0.21 50.48 Dominated
IGRA/INH 113,581 13,762.8 0.16 61.45 153,143
IGRA/RIF 96,644 13,762.2 0.18 56.35 Strict Dominance
SEQ/INH 80,439 13,762.4 0.21 51.08 Extended Dominance
SEQ/RIF 69,889 13,762.1 0.22 47.02 Dominated

No Losses in the LTBI Cascade of Care
TST/INH 264,985 13,762.1 0.11 73.72 Dominated
TST/RIF 169,565 13,762.2 0.15 63.55 Dominated
IGRA/INH 123,478 13,762.2 0.08 81.34 Dominated
IGRA/RIF 97,413 13,762.6 0.12 71.33 Strict Dominance
SEQ/INH 86,288 13,762.7 0.14 66.92 242,510
SEQ/RIF 70,137 13,762.4 0.17 58.84 Extended Dominance

Reactivation Rate is 0.9 cases per 1000 PY*
TST/INH 167,480 13,761.6 0.26 38.43 640,400
TST/RIF 124,898 13,761.1 0.27 35.10 Dominated
IGRA/INH 100,117 13,761.5 0.24 42.60 480,838
IGRA/RIF 87,975 13,760.8 0.25 39.54 Dominated
SEQ/INH 72,718 13,761.4 0.27 35.38 Extended Dominance
SEQ/RIF 65,058 13,761.0 0.28 32.80 Dominated

Reactivation Rate is 1.3 cases per 1000 PYv
TST/INH 165,457 13,762.8 0.25 38.84 Dominated
TST/RIF 123,581 13,762.9 0.27 34.60 Dominated
IGRA/INH 97,220 13,762.7 0.24 43.01 Dominated
IGRA/RIF 86,075 13,763.0 0.25 38.82 Dominated
SEQ/INH 70,254 13,763.0 0.27 34.75 Dominated
SEQ/RIF 63,297 13,762.7 0.28 33.12 Dominated

Base Case Results — Costs: $8988; QALYs: 13,762.3; TB Cases: 0.42; *Base Case Results — Costs: $9004; QALYSs: 13,761.3; TB Cases: 0.42; TBase Case Results — Costs: $8939; QALYs: 13,763.1;

TB Cases: 0.42

QALY: quality adjusted life year; TB: tuberculosis; TST: tuberculin skin test; IGRA: interferon-gamma release assay; SEQ: sequential screening; INH: isoniazid; RIF: rifampin; PY: person years

All costs in 2016 CAD

Dominated: This intervention has higher costs and worse outcomes compared to the base case; Extended Dominance: This intervention is more effective than the base case, but has a higher cost per
QALY gained compared to a more effective intervention that has a higher cost; Strict Dominance: This intervention is more expensive and has worse outcomes than another intervention.

125



Table 5-5. Continued

Intervention Costs per 1000 Total QALYS per TB Cases per 1000 Reduction in TB Cost per QALY
migrants ($) 1000 migrants migrants Incidence (%) gained ($)
Rifampin and Isoniazid are Equally Effective
TST/INH 166,309 13,762.3 0.26 38.22 Dominated
TST/RIF 123,503 13,762.0 0.25 4155 Dominated
IGRA/INH 98,336 13,762.5 0.24 43.64 655,630
IGRA/RIF 86,336 13,761.9 0.23 45.22 Dominated
SEQ/INH 71,255 13,762.3 0.27 35.65 Dominated
SEQ/RIF 63,615 13,762.2 0.26 37.61 Dominated
Lifetime Time Horizon*
TST/INH 168,517 20,737.6 0.36 37.44 Strict Dominance
TST/RIF 126,277 20,736.6 0.38 35.18 Dominated
IGRA/INH 100,567 20,738.1 0.34 41.25 Strict Dominance
IGRA/RIF 89,047 20,738.4 0.36 38.12 71,775
SEQ/INH 73,594 20,737.6 0.38 34.48 Extended Dominance
SEQ/RIF 66,453 20,736.2 0.39 31.99 Dominated
Minimum Estimated Costsy
TST/INH 139,390 13,762.3 0.26 38.22 Dominated
TST/RIF 101,829 13,762.0 0.27 35.87 Dominated
IGRA/INH 67,826 13,762.5 0.24 43.64 445,222
IGRA/RIF 57,474 13,762.5 0.25 40.93 376,739
SEQ/INH 54,733 13,762.3 0.27 35.65 Dominated
SEQ/RIF 48,395 13,762.1 0.29 31.89 Dominated
Maximum Estimated Costs®
TST/INH 193,327 13,762.3 0.26 38.22 Dominated
TST/RIF 146,379 13,762.0 0.27 35.87 Dominated
IGRA/INH 113,103 13,762.5 0.24 43.64 750,510
IGRA/RIF 100,220 13,762.5 0.25 40.93 669,265
SEQ/INH 84,466 13,762.3 0.27 35.65 Dominated
SEQ/RIF 76,606 13,762.1 0.29 31.89 Dominated

Base Case Results — Costs: $8988; QALYs: 13,762.3; TB Cases: 0.42; *Base Case Results — Costs: $12,418; QALYs: 20,737.4; TB Cases: 0.58; tBase Case Results — Costs: $7152; QALYSs: 13,762.3;
TB Cases: 0.42; °Base Case Results — Costs: $10,825; QALYs: 13,762.3; TB Cases: 0.42
QALY: quality adjusted life year; TB: tuberculosis; TST: tuberculin skin test; IGRA: interferon-gamma release assay; SEQ: sequential screening; INH: isoniazid; RIF: rifampin

All costs in 2016 CAD

Dominated: This intervention has higher costs and worse outcomes compared to the base case; Extended Dominance: This intervention is more effective than the base case, but has a higher cost per
QALY gained compared to a more effective intervention that has a higher cost; Strict Dominance: This intervention is more expensive and has worse outcomes than another intervention.
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Table 5-6. Results of exploratory sensitivity analyses in migrants from moderate TB incidence countries

Intervention Costs per 1000 Total QALYS per TB Cases per 1000 Reduction in TB Cost per QALY
migrants ($) 1000 migrants migrants Incidence (%) gained (3$)

Only Screen <60 year olds
TST/INH 276,197 13,738.2 1.60 37.89 Strict Dominance
TST/RIF 208,099 13,738.3 1.68 35.00 Strict Dominance
IGRA/INH 162,573 13,738.4 1.51 41.33 Strict Dominance
IGRA/RIF 139,309 13,737.8 1.60 38.02 Extended Dominance
SEQ/INH 146,990 13,738.5 1.68 35.01 47,547
SEQ/RIF 127,704 13,737.8 1.74 32.52 Extended Dominance

Only Screen <35 year olds
TST/INH 211,292 13,737.8 2.10 18.68 Strict Dominance
TST/RIF 164,665 13,737.5 2.14 17.24 Strict Dominance
IGRA/INH 124,773 13,737.9 2.06 20.06 52,931
IGRA/RIF 111,559 13,737.5 2.09 18.99 Strict Dominance
SEQ/INH 114,236 13,737.5 2.13 17.51 Strict Dominance
SEQ/RIF 103,441 13,737.6 2.16 16.35 46,347

Only Screen 10-60 year olds
TST/INH 243,224 13,738.4 1.67 35.41 Strict Dominance
TST/RIF 184,581 13,737.9 1.73 32.99 Strict Dominance
IGRA/INH 148,718 13,738.5 1.59 38.37 48,065
IGRA/RIF 127,107 13,737.9 1.65 36.17 Strict Dominance
SEQ/INH 135,299 13,738.3 1.74 32.80 44,789
SEQ/RIF 117,678 13,738.2 1.80 30.38 38,103

Only 63.5% Initiate Therapy After Arrival
TST/INH 224,524 13,738.0 1.85 28.42 Strict Dominance
TST/RIF 176,021 13,737.8 1.89 26.63 Strict Dominance
IGRA/INH 150,573 13,738.0 1.77 31.33 Strict Dominance
IGRA/RIF 133,634 13,737.7 1.83 29.03 Strict Dominance
SEQ/INH 137,792 13,737.6 1.91 25.93 Strict Dominance
SEQ/RIF 123,263 13,738.2 1.93 25.06 41,245

Base Case Results — Costs: $55,294; QALYs: 13,736.6; TB Cases: 2.58

QALY: quality adjusted life year; TB: tuberculosis; TST: tuberculin skin test; IGRA: interferon-gamma release assay; SEQ: sequential screening; INH: isoniazid; RIF: rifampin; PY: person years
All costs in 2016 CAD

Dominated: This intervention has higher costs and worse outcomes compared to the base case; Extended Dominance: This intervention is more effective than the base case, but has a higher cost per
QALY gained compared to a more effective intervention that has a higher cost; Strict Dominance: This intervention is more expensive and has worse outcomes than another intervention.
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Table 5-6. Continued

Intervention Costs per 1000 Total QALYS per TB Cases per 1000 Reduction in TB Cost per QALY
migrants ($) 1000 migrants migrants Incidence (%) gained ($)

100% Adherence to Post-Arrival Follow-up
TST/INH 380,822 13,738.3 1.13 56.28 Strict Dominance
TST/RIF 276,111 13,738.3 1.22 52.70 Strict Dominance
IGRA/INH 196,893 13,738.8 0.99 61.81 Strict Dominance
IGRA/RIF 159,917 13,738.8 1.09 57.69 69,496
SEQ/INH 175,263 13,738.3 1.23 52.44 Strict Dominance
SEQ/RIF 144,997 13,738.7 1.33 48.73 65,266

No Losses in the LTBI Cascade of Care
TST/INH 442,208 13,739.1 0.65 74.84 Strict Dominance
TST/RIF 281,905 13,738.9 0.89 65.53 Strict Dominance
IGRA/INH 212,095 13,739.9 0.47 81.97 47,049
IGRA/RIF 156,712 13,739.1 0.72 72.14 40,504
SEQ/INH 187,965 13,739.1 0.80 69.01 Extended Dominance
SEQ/RIF 142,342 13,738.4 1.02 60.59 Extended Dominance

Reactivation Rate is 0.9 cases per 1000 PY*
TST/INH 291,580 13,732.5 1.56 39.93 Strict Dominance
TST/RIF 218,700 13,732.4 1.63 36.92 Strict Dominance
IGRA/INH 178,420 13,732.8 1.46 43.56 Strict Dominance
IGRA/RIF 150,147 13,732.9 1.54 40.70 63,760
SEQ/INH 160,399 13,732.6 1.63 37.03 Strict Dominance
SEQ/RIF 137,086 13,732.7 1.69 34.78 62,799

Reactivation Rate is 1.3 cases per 1000 PYv
TST/INH 283,095 13,742.2 1.55 39.68 Strict Dominance
TST/RIF 212,565 13,742.2 1.61 37.17 Strict Dominance
IGRA/INH 162,318 13,742.0 1.45 43.54 Strict Dominance
IGRA/RIF 139,381 13,741.9 1.53 40.29 Extended Dominance
SEQ/INH 146,788 13,742.3 1.61 37.08 75,598
SEQ/RIF 127,706 13,742.0 1.68 34.45 Extended Dominance

Base Case Results — Costs: $55,294; QALYs: 13,736.6; TB Cases: 2.58; *Base Case Results — Costs: $55,470; QALYSs: 13,731.4; TB Cases: 2.59; TBase Case Results — Costs: $54,900; QALYSs:
13,741.1; TB Cases: 2.56

QALY: quality adjusted life year; TB: tuberculosis; TST: tuberculin skin test; IGRA: interferon-gamma release assay; SEQ: sequential screening; INH: isoniazid; RIF: rifampin; PY: person years
All costs in 2016 CAD

Dominated: This intervention has higher costs and worse outcomes compared to the base case; Extended Dominance: This intervention is more effective than the base case, but has a higher cost per
QALY gained compared to a more effective intervention that has a higher cost; Strict Dominance: This intervention is more expensive and has worse outcomes than another intervention.
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Table 5-6. Continued

Intervention Costs per 1000 Total QALYS per TB Cases per 1000 Reduction in TB Cost per QALY
migrants ($) 1000 migrants migrants Incidence (%) gained ($)
Rifampin and Isoniazid are Equally Effective
TST/INH 286,636 13,738.5 1.55 39.97 120,246
TST/RIF 212,195 13,738.3 1.49 42.43 Strict Dominance
IGRA/INH 168,965 13,738.0 1.46 43.49 Strict Dominance
IGRA/RIF 140,665 13,738.4 1.38 46.40 45,596
SEQ/INH 152,372 13,738.3 1.62 37.14 Strict Dominance
SEQ/RIF 128,849 13,737.9 1.56 39.65 Extended Dominance
Lifetime Time Horizon*
TST/INH 300,246 20,593.9 2.18 38.79 Strict Dominance
TST/RIF 229,246 20,593.1 2.28 36.08 Strict Dominance
IGRA/INH 181,682 20,593.7 2.05 42.64 Strict Dominance
IGRA/RIF 157,324 20,594.3 2.17 39.26 29,549
SEQ/INH 166,358 20,593.6 2.28 36.11 Strict Dominance
SEQ/RIF 146,331 20,593.9 2.38 33.32 29,007
Minimum Estimated Costsy
TST/INH 240,659 13,738.5 1.55 39.97 102,230
TST/RIF 176,908 13,738.2 1.61 37.49 Strict Dominance
IGRA/INH 126,996 13,738.0 1.46 43.49 Strict Dominance
IGRA/RIF 104,414 13,738.4 1.53 40.67 33,487
SEQ/INH 120,230 13,738.3 1.62 37.14 Strict Dominance
SEQ/RIF 101,795 13,738.2 1.69 34.36 Extended Dominance
Maximum Estimated Costs®
TST/INH 332,779 13,738.5 1.55 39.97 138,347
TST/RIF 253,207 13,738.2 1.61 37.49 Strict Dominance
IGRA/INH 195,551 13,738.0 1.46 43.49 Strict Dominance
IGRA/RIF 167,629 13,738.4 1.53 40.67 55,971
SEQ/INH 179,072 13,738.3 1.62 37.14 Strict Dominance
SEQ/RIF 156,340 13,738.2 1.69 34.36 55,569

Base Case Results — Costs: $55,294; QALYs: 13,736.6; TB Cases: 2.58; *Base Case Results — Costs: $76,368; QALYs: 20,591.5; TB Cases: 3.57; tBase Case Results — Costs: $43,977; QALYSs:
13,736.6; TB Cases: 2.58; °Base Case Results — Costs: $66,611; QALYSs: 13,736.6; TB Cases: 2.58

QALY: quality adjusted life year; TB: tuberculosis; TST: tuberculin skin test; IGRA: interferon-gamma release assay; SEQ: sequential screening; INH: isoniazid; RIF: rifampin

All costs in 2016 CAD

Dominated: This intervention has higher costs and worse outcomes compared to the base case; Extended Dominance: This intervention is more effective than the base case, but has a higher cost per
QALY gained compared to a more effective intervention that has a higher cost; Strict Dominance: This intervention is more expensive and has worse outcomes than another intervention.
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Table 5-7. Results of exploratory sensitivity analyses in migrants from high TB incidence countries

Intervention Costs per 1000 Total QALYS per TB Cases per 1000 Reduction in TB Cost per QALY
migrants ($) 1000 migrants migrants Incidence (%) gained ($)
Only Screen <60 year olds
TST/INH 340,999 13,706.0 3.53 36.61 Strict Dominance
TST/RIF 266,785 13,705.3 3.68 34.04 Strict Dominance
IGRA/INH 248,073 13,705.7 3.33 40.30 Strict Dominance
IGRA/RIF 210,762 13,705.9 3.48 37.61 37,584
SEQ/INH 228,570 13,705.3 3.66 34.30 Strict Dominance
SEQ/RIF 198,767 13,705.1 3.80 31.76 Extended Dominance
Only Screen <35 year olds
TST/INH 265,902 13,704.7 4,58 17.82 Strict Dominance
TST/RIF 218,987 13,704.1 4.65 16.61 Strict Dominance
IGRA/INH 192,641 13,705.1 4.48 19.54 45,726
IGRA/RIF 174,331 13,704.6 4.55 18.29 Extended Dominance
SEQ/INH 181,292 13,704.3 4.64 16.75 Strict Dominance
SEQ/RIF 166,878 13,704.4 4,71 15.48 Extended Dominance
Only Screen 10-60 year olds
TST/INH 308,686 13,705.2 3.66 34.35 Strict Dominance
TST/RIF 244,388 13,705.7 3.79 31.92 Strict Dominance
IGRA/INH 231,913 13,706.0 3.47 37.71 43,549
IGRA/RIF 197,980 13,705.2 3.60 35.32 44,152
SEQ/INH 215,256 13,705.5 3.79 31.93 Extended Dominance
SEQ/RIF 187,935 13,705.0 3.92 29.72 Extended Dominance
Only 63.5% Initiate Therapy After Arrival
TST/INH 289,771 13,704.9 4.03 27.73 Strict Dominance
TST/RIF 237,128 13,704.7 4.15 25.56 Strict Dominance
IGRA/INH 231,450 13,705.2 3.89 30.14 65,106
IGRA/RIF 204,208 13,705.1 4.00 28.29 52,753
SEQ/INH 215,926 13,704.8 4.14 25.72 Strict Dominance
SEQ/RIF 193,620 13,704.8 4.21 24.45 Extended Dominance

Base Case Results — Costs: $119,282; QALYs: 13,703.5; TB Cases: 5.57

QALY: quality adjusted life year; TB: tuberculosis; TST: tuberculin skin test; IGRA: interferon-gamma release assay; SEQ: sequential screening; INH: isoniazid; RIF: rifampin; PY: person years
All costs in 2016 CAD

Dominated: This intervention has higher costs and worse outcomes compared to the base case; Extended Dominance: This intervention is more effective than the base case, but has a higher cost per
QALY gained compared to a more effective intervention that has a higher cost; Strict Dominance: This intervention is more expensive and has worse outcomes than another intervention.

130



Table 5-7. Continued

Intervention Costs per 1000 Total QALYS per TB Cases per 1000 Reduction in TB Cost per QALY
migrants ($) 1000 migrants migrants Incidence (%) gained ($)

100% Adherence to Post-Arrival Follow-up
TST/INH 448,774 13,706.3 2.47 55.76 Strict Dominance
TST/RIF 334,296 13,706.4 2.70 51.64 Strict Dominance
IGRA/INH 297,043 13,707.0 2.17 61.20 48,586
IGRA/RIF 238,472 13,706.4 2.41 56.95 39,985
SEQ/INH 268,847 13,706.0 2.72 51.37 Strict Dominance
SEQ/RIF 221,618 13,706.6 2.92 47.69 31,519

No Losses in the LTBI Cascade of Care
TST/INH 507,187 13,707.5 1.44 74.15 Strict Dominance
TST/RIF 333,156 13,706.7 1.97 64.67 Strict Dominance
IGRA/INH 315,633 13,707.8 1.02 81.63 45,026
IGRA/RIF 229,086 13,707.3 1.60 71.36 28,778
SEQ/INH 283,325 13,707.3 1.77 68.21 42,311
SEQ/RIF 213,348 13,707.0 2.25 59.69 26,483

Reactivation Rate is 0.9 cases per 1000 PY*
TST/INH 364,083 13,693.0 3.40 39.56 Strict Dominance
TST/RIF 282,190 13,693.1 3.56 36.75 Strict Dominance
IGRA/INH 278,115 13,693.4 3.19 43.37 53,352
IGRA/RIF 231,531 13,693.3 3.36 40.28 39,198
SEQ/INH 254,088 13,693.3 3.55 36.95 Strict Dominance
SEQ/RIF 216,552 13,692.9 3.69 34.44 Extended Dominance

Reactivation Rate is 1.3 cases per 1000 PYv
TST/INH 345,385 13,714.5 3.39 39.06 Strict Dominance
TST/RIF 269,071 13,714.1 3.53 36.59 Strict Dominance
IGRA/INH 242,615 13,714.5 3.17 43.10 Strict Dominance
IGRA/RIF 207,273 13,714.6 3.34 40.09 30,089
SEQ/INH 224,354 13,714.1 3.54 36.41 Strict Dominance
SEQ/RIF 195,656 13,713.9 3.68 33.89 Extended Dominance

Base Case Results — Costs: $119,282; QALYs: 13,703.5; TB Cases: 5.57; *Base Case Results — Costs: $120,559; QALYs: 13,690.5; TB Cases: 5.63; TBase Case Results — Costs: $119,277; QALYSs:
13,711.6; TB Cases: 5.57

QALY: quality adjusted life year; TB: tuberculosis; TST: tuberculin skin test; IGRA: interferon-gamma release assay; SEQ: sequential screening; INH: isoniazid; RIF: rifampin; PY: person years
All costs in 2016 CAD

Dominated: This intervention has higher costs and worse outcomes compared to the base case; Extended Dominance: This intervention is more effective than the base case, but has a higher cost per
QALY gained compared to a more effective intervention that has a higher cost; Strict Dominance: This intervention is more expensive and has worse outcomes than another intervention.
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Table 5-7. Continued

Intervention Costs per 1000 Total QALYS per TB Cases per 1000 Reduction in TB Cost per QALY
migrants ($) 1000 migrants migrants Incidence (%) gained ($)
Rifampin and Isoniazid are Equally Effective
TST/INH 353,091 13,705.8 3.40 39.05 Strict Dominance
TST/RIF 268,060 13,706.3 3.25 41.69 53,046
IGRA/INH 257,282 13,705.7 3.18 42.89 Extended Dominance
IGRA/RIF 210,001 13,705.5 3.01 46.02 45,404
SEQ/INH 236,934 13,705.7 3.56 36.07 Extended Dominance
SEQ/RIF 198,397 13,705.9 3.42 38.65 31,860
Lifetime Time Horizon*
TST/INH 382,528 20,406.7 4,77 38.33 Strict Dominance
TST/RIF 305,338 20,407.8 4.99 35.55 Strict Dominance
IGRA/INH 284,309 20,407.7 4.45 42.55 Strict Dominance
IGRA/RIF 245,787 20,408.3 4.69 39.41 17,427
SEQ/INH 267,705 20,407.5 5.00 35.36 Strict Dominance
SEQ/RIF 235,994 20,407.7 5.18 33.14 Extended Dominance
Minimum Estimated Costsy
TST/INH 295,147 13,705.8 3.40 39.05 86,454
TST/RIF 225,096 13,705.6 3.55 36.23 Strict Dominance
IGRA/INH 200,264 13,705.7 3.18 42.89 47,682
IGRA/RIF 164,612 13,705.5 3.36 39.63 34,799
SEQ/INH 189,293 13,705.7 3.56 36.07 43,164
SEQ/RIF 160,175 13,705.3 3.70 33.61 Extended Dominance
Maximum Estimated Costs®
TST/INH 411,226 13,705.8 3.40 39.05 115,497
TST/RIF 324,272 13,705.6 3.55 36.23 Strict Dominance
IGRA/INH 298,947 13,705.7 3.18 42.89 70,251
IGRA/RIF 255,097 13,705.5 3.36 39.63 55,601
SEQ/INH 278,439 13,705.7 3.56 36.07 61,610
SEQ/RIF 242,540 13,705.3 3.70 33.61 53,755

Base Case Results — Costs: $119,282; QALYSs: 13,703.5; TB Cases: 5.57; *Base Case Results — Costs: $165,782; QALYs: 20,403.7; TB Cases: 7.74; T Base Case Results — Costs: $94,881; QALYSs:
13,703.5; TB Cases: 5.57; ° Base Case Results — Costs: $143,682; QALYs: 13,703.5; TB Cases: 5.57

QALY: quality adjusted life year; TB: tuberculosis; TST: tuberculin skin test; IGRA: interferon-gamma release assay; SEQ: sequential screening; INH: isoniazid; RIF: rifampin

All costs in 2016 CAD

Dominated: This intervention has higher costs and worse outcomes compared to the base case; Extended Dominance: This intervention is more effective than the base case, but has a higher cost per
QALY gained compared to a more effective intervention that has a higher cost; Strict Dominance: This intervention is more expensive and has worse outcomes than another intervention.
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Table 5-8. Results of exploratory sensitivity analyses in migrants from very high TB incidence countries

Intervention Costs per 1000 Total QALYS per TB Cases per 1000 Reduction in TB Cost per QALY
migrants ($) 1000 migrants migrants Incidence (%) gained ($)
Only Screen <60 year olds
TST/INH 407,219 13,672.0 5.34 36.01 Strict Dominance
TST/RIF 325,286 13,671.8 5155 3341 Strict Dominance
IGRA/INH 336,378 13,672.7 5.01 39.90 39,681
IGRA/RIF 283,794 13,672.4 5.26 36.97 28,826
SEQ/INH 314,688 13,671.4 5.58 33.05 Strict Dominance
SEQ/RIF 271,770 13,671.4 5.77 30.80 Extended Dominance
Only Screen <35 year olds
TST/INH 320,565 13,670.4 6.92 16.98 Strict Dominance
TST/RIF 272,387 13,670.4 7.04 15.66 Strict Dominance
IGRA/INH 261,656 13,670.7 6.78 18.67 41,748
IGRA/RIF 237,244 13,670.7 6.91 17.19 29,956
SEQ/INH 249,887 13,670.3 7.04 15.65 Strict Dominance
SEQ/RIF 229,600 13,669.9 7.12 14.64 Extended Dominance
Only Screen 10-60 year olds
TST/INH 377,198 13,671.7 5.58 33.14 Strict Dominance
TST/RIF 304,495 13,671.3 5.74 31.13 Strict Dominance
IGRA/INH 319,268 13,672.0 5.28 36.66 42,793
IGRA/RIF 271,046 13,672.0 5.49 34.21 28,276
SEQ/INH 298,962 13,671.6 5.75 31.03 Strict Dominance
SEQ/RIF 260,169 13,671.1 5.94 28.73 Extended Dominance
Only 63.5% Initiate Therapy After Arrival
TST/INH 355,588 13,671.5 6.10 26.89 64,885
TST/RIF 296,733 13,670.7 6.26 25.00 Strict Dominance
IGRA/INH 313,125 13,671.3 5.85 29.82 52,281
IGRA/RIF 275,322 13,671.2 6.07 27.21 39,300
SEQ/INH 296,113 13,671.2 6.26 24.93 Strict Dominance
SEQ/RIF 265,154 13,670.7 6.42 23.07 Extended Dominance

Base Case Results — Costs: $178,665; QALYSs: 13,668.7; TB Cases: 8.34

QALY: quality adjusted life year; TB: tuberculosis; TST: tuberculin skin test; IGRA: interferon-gamma release assay; SEQ: sequential screening; INH: isoniazid; RIF: rifampin; PY: person years
All costs in 2016 CAD

Dominated: This intervention has higher costs and worse outcomes compared to the base case; Extended Dominance: This intervention is more effective than the base case, but has a higher cost per
QALY gained compared to a more effective intervention that has a higher cost; Strict Dominance: This intervention is more expensive and has worse outcomes than another intervention.
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Table 5-8. Continued

Intervention Costs per 1000 Total QALYS per TB Cases per 1000 Reduction in TB Cost per QALY
migrants ($) 1000 migrants migrants Incidence (%) gained ($)
100% Adherence to Post-Arrival Follow-up
TST/INH 522,272 13,673.3 3.76 54.96 Strict Dominance
TST/RIF 394,942 13,673.2 4.10 50.93 Strict Dominance
IGRA/INH 405,103 13,674.1 3.28 60.77 43,736
IGRA/RIF 321,390 13,674.0 3.64 56.44 28,211
SEQ/INH 370,066 13,672.9 4.13 50.54 Strict Dominance
SEQ/RIF 302,436 13,672.8 4.44 46.87 Extended Dominance
No Losses in the LTBI Cascade of Care
TST/INH 579,739 13,674.4 2.22 73.41 Strict Dominance
TST/RIF 387,829 13,674.2 3.01 63.95 Strict Dominance
IGRA/INH 429,895 13,675.3 1.56 81.25 38,197
IGRA/RIF 306,673 13,674.6 2.43 70.90 21,708
SEQ/INH 389,771 13,674.2 2.72 67.40 Strict Dominance
SEQ/RIF 289,889 13,673.4 3.43 58.89 Extended Dominance
Reactivation Rate is 0.9 cases per 1000 PY*
TST/INH 439,079 13,652.8 5.16 38.50 Strict Dominance
TST/RIF 346,356 13,652.5 5.39 35.82 Strict Dominance
IGRA/INH 381,904 13,653.3 4.81 42.72 46,447
IGRA/RIF 314,388 13,653.3 5.08 39.49 30,991
SEQ/INH 353,063 13,652.9 5.43 35.38 Strict Dominance
SEQ/RIF 298,580 13,652.5 5.64 32.88 Extended Dominance
Reactivation Rate is 1.3 cases per 1000 PYv
TST/INH 409,804 13,685.8 5.14 38.28 Strict Dominance
TST/RIF 326,656 13,684.8 5.38 35.40 Strict Dominance
IGRA/INH 326,744 13,686.1 4.80 42.39 41,880
IGRA/RIF 276,827 13,686.1 5.05 39.34 28,080
SEQ/INH 306,354 13,685.5 5.39 35.25 Strict Dominance
SEQ/RIF 265,757 13,685.2 5.60 32.78 Extended Dominance

Base Case Results — Costs: $178,665; QALYs: 13,668.7; TB Cases: 8.34; *Base Case Results — Costs: $179,725; QALYs: 13,649.0; TB Cases: 8.40; TBase Case Results — Costs: $178,242; QALYSs:

13,682.6; TB Cases: 8.33

QALY: quality adjusted life year; TB: tuberculosis; TST: tuberculin skin test; IGRA: interferon-gamma release assay; SEQ: sequential screening; INH: isoniazid; RIF: rifampin; PY: person years

All costs in 2016 CAD

Dominated: This intervention has higher costs and worse outcomes compared to the base case; Extended Dominance: This intervention is more effective than the base case, but has a higher cost per
QALY gained compared to a more effective intervention that has a higher cost; Strict Dominance: This intervention is more expensive and has worse outcomes than another intervention.
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Table 5-8. Continued

Intervention Costs per 1000 Total QALYS per TB Cases per 1000 Reduction in TB Cost per QALY
migrants ($) 1000 migrants migrants Incidence (%) gained ($)
Rifampin and Isoniazid are Equally Effective
TST/INH 421,783 13,672.2 5.15 38.23 Strict Dominance
TST/RIF 324,733 13,672.4 4.92 40.99 Strict Dominance
IGRA/INH 349,429 13,672.7 4.81 42.38 Strict Dominance
IGRA/RIF 281,555 13,673.0 4.56 45.32 24,273
SEQ/INH 325,391 13,672.0 5.40 35.28 Strict Dominance
SEQ/RIF 269,704 13,672.2 5.17 38.00 Extended Dominance
Lifetime Time Horizon*
TST/INH 466,224 20,210.9 7.23 37.96 Strict Dominance
TST/RIF 380,925 20,210.4 7.56 35.14 Strict Dominance
IGRA/INH 391,404 20,2114 6.77 41.90 Strict Dominance
IGRA/RIF 337,077 20,213.0 7.16 38.56 11,260
SEQ/INH 372,495 20,209.9 7.60 34.73 Strict Dominance
SEQ/RIF 327,903 20,211.2 7.89 32.25 Extended Dominance
Minimum Estimated Costsy
TST/INH 351,656 13,672.2 5.15 38.23 Strict Dominance
TST/RIF 273,731 13,672.1 5.38 35.48 Strict Dominance
IGRA/INH 277,154 13,672.7 4.81 42.38 34,246
IGRA/RIF 225,939 13,672.1 5.07 39.27 24,862
SEQ/INH 261,932 13,672.0 5.40 35.28 Strict Dominance
SEQ/RIF 220,338 13,671.9 5.61 32.79 Extended Dominance
Maximum Estimated Costs®
TST/INH 492,123 13,672.2 5.15 38.23 Strict Dominance
TST/RIF 395,585 13,672.1 5.38 35.48 Strict Dominance
IGRA/INH 406,571 13,672.7 4.81 42.38 48,497
IGRA/RIF 343,585 13,672.1 5.07 39.27 38,037
SEQ/INH 382,078 13,672.0 5.40 35.28 Strict Dominance
SEQ/RIF 330,880 13,671.9 5.61 32.79 36,886

Base Case Results — Costs: $178,665; QALYs: 13,668.7; TB Cases: 8.34; *Base Case Results — Costs: $249,392; QALYs: 20,205.2; TB Cases: 11.65; T Base Case Results — Costs: $142,066; QALYS:
13,668.7; TB Cases: 8.34; ° Base Case Results — Costs: $215,265; QALYSs: 13,668.7; TB Cases: 8.34

QALY: quality adjusted life year; TB: tuberculosis; TST: tuberculin skin test; IGRA: interferon-gamma release assay; SEQ: sequential screening; INH: isoniazid; RIF: rifampin

All costs in 2016 CAD

Dominated: This intervention has higher costs and worse outcomes compared to the base case; Extended Dominance: This intervention is more effective than the base case, but has a higher cost per
QALY gained compared to a more effective intervention that has a higher cost; Strict Dominance: This intervention is more expensive and has worse outcomes than another intervention.
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5.7 Figures

Figure 5-1. Model Structure
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Figure 5-2. Meta-analysis of adherence with a request for post-arrival follow-up

First Author Percent
(Study Period) N Reporting
Orr (1990) 523 82.03
Wang (1991) 1173 79.45

DeReimer (1998) 893 83.43

Dasgupta (2000) 828 48.43

Pang (2000) 1344 100

LoBue (2004) 658  86.78

Harstad (2005-2006) 2293  34.63 *
Liu (2009) 48,791 68.12

Liu (2009) 14,666 62.27

Mor (2012) 257 100

Gacek (2013) 184 59.24

Khan (2002-2011) 22,391 59.79

Liu (2015) 21,638 54.01
Liu (2015) 60,423 67.68
Nuzzo (2015) 205 74.63

Overall (I-squared = 99.2%, p = 0.000)
Back-Transformed Overall Estimate: 0.684 (95% CI: 0.646, 0.721)

L 3

-

Effect Size Weight

(95% CI) (%)
1.52(1.27, 1.76) 7.18
1.35(1.19, 1.51) 7.84
1.62 (1.42, 1.81) 7.60
-0.06 (-0.26,0.13) 7.58
7.90(5.13,10.67) 038
1.88 (1.64, 2.12) 7.21
—0.64 (—0.78, —0.49) 7.92
0.76 (0.74, 0.78) 8.38
0.50 (0.46, 0.54) 8.35
6.24 (3.48, 9.01) 0.38
0.37(-0.01,0.76) 597
0.40 (0.36, 0.43) 8.36
0.16 (0.12, 0.20) 8.36
0.74 (0.72, 0.76) 8.38
1.08 (0.72, 1.44) 6.13
0.77 (0.60, 0.95) 100.00
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Figure 5-3. Cost-effectiveness acceptability curve in migrants from low TB incidence countries of the base case compared to the intervention that provided the
largest incremental NMB. The graph demonstrates the probability an intervention is the most cost-effective option at various willingness-to-pay thresholds.
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Figure 5-4. Efficiency frontier for migrants from low TB incidence countries in terms of population QALY's vs. population costs. The frontier is read from left to
right, with interventions connected if they fall on the frontier.
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Figure 5-5. Cost-effectiveness acceptability curve in migrants from moderate TB incidence countries of the base case compared to the intervention that provided
the largest incremental NMB. The graph demonstrates the probability an intervention is the most cost-effective option at various willingness-to-pay thresholds.
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Figure 5-6. Efficiency frontier for migrants from moderate TB incidence countries in terms of population QALY's vs. population costs. The frontier is read from
left to right, with interventions connected if they fall on the frontier.
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Figure 5-7. Cost-effectiveness acceptability curve in migrants from high TB incidence countries of the base case compared to the intervention that provided the
largest incremental NMB. The graph demonstrates the probability an intervention is the most cost-effective option at various willingness-to-pay thresholds.
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Figure 5-8. Efficiency frontier for migrants from high TB incidence countries in terms of population QALYS vs. population costs. The frontier is read from left to
right, with interventions connected if they fall on the frontier.
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Figure 5-9. Cost-effectiveness acceptability curve in migrants from very high TB incidence countries of the base case compared to the intervention that provided
the largest incremental NMB. The graph demonstrates the probability an intervention is the most cost-effective option at various willingness-to-pay thresholds.
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Figure 5-10. Efficiency frontier for migrants from very high TB incidence countries in terms of population QALY's vs. population costs. The frontier is read from

left to right, with interventions connected if they fall on the frontier.
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CHAPTER 6. SCREENING MIGRANTS WITH CHRONIC
KIDNEY DISEASE FOR LATENT TUBERCULOSIS
INFECTION: A COST-EFFECTIVENESS ANALYSIS

6.1 Background

Despite steady declines in TB incidence over the past decades, TB continues to be the leading cause of
death due to infectious disease worldwide [61]. For many migrant-receiving, low TB incidence countries, the
continuance of TB is driven, in part, due to undetected LTBI in migrants, which reactivates post-immigration
[4,342]. In many of these countries, migrants account for more than half of the TB burden, yet routine LTBI
screening is seldom employed [4,242]. Identification and effective treatment of LTBI has been shown to
significantly reduce reactivation of TB [51]. While it has been demonstrated that mass LTBI screening and treatment
is resource intensive [97] and as seen in Chapter 4, unlikely to be cost-effective, targeting screening to high LTBI
prevalence populations at high risk of reactivation may prove both feasible and cost-effective.

WHO guidelines [164] and several health agencies including Canada, the United States, and the United
Kingdom [3,346,368] have recommended targeting LTBI screening to individuals with co-morbidities that increase
risk of TB. A consensus of these agency guidelines is to perform screening of individuals with CKD requiring
dialysis. In this population, unadjusted rates of TB have been estimated to be up to 25-fold higher than the general
population [3,134,234,369-371]. Furthermore, individuals with TB on dialysis experience mortality at significantly
higher rates than the general population [372]. The drivers of these increases are uraemia-induced immune-
deficiency, other co-morbid conditions that impact the immune system, and demographic factors such as age [139].
This state of impaired immunity presents a significant obstacle in diagnosing LTBI. Current diagnostic tests include
the TST and IGRA, both of which rely on an adaptive immune response to TB antigens to give a positive result
[373]. High rates of TST anergy [374-376] and indeterminate IGRA results [377-380] due to this immune-
deficiency suggest many cases of LTBI are being missed in dialysis patients. It has been suggested that immune-
deficiency in CKD patients becomes significant once estimated glomerular filtration rates (eGFR) fall below 30 to
60 ml/min per 1.73m? (i.e. stage 3 to stage 4 CKD) [381], but is not as severe as those with dialysis dependency.

Implementation of routine LTBI screening in patients with late stage CKD (i.e. stage 4 or later) who are not yet
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dialysis-dependent may still identify individuals at increased risk of TB and may likely better identify LTBI,
overcoming test sensitivity shortcomings when performed at dialysis initiation.

Up to 16% of the world has CKD [139], with a significant burden in low TB incidence areas such as North
America and Western Europe, and at least 2% of those with CKD require dialysis [382]. Evidence suggests that the
global CKD burden will continue to increase over the coming decades, putting more individuals at increased risk of
TB [383]. There is evidence to suggest that LTBI diagnostic tests can help predict risk of future TB in dialysis
patients [384], yet minimal published data on the cost-effectiveness of LTBI screening in dialysis patients exists
[133,218]. LTBI screening in the general population is not considered cost-effective [133]. However, focusing LTBI
screening and treatment to migrants, who have a higher LTBI prevalence than the general population, may be cost-
effective.

In this chapter, we use 29-years of longitudinal data of migrants to British Columbia (BC) [385] to evaluate
the cost-effectiveness of LTBI screening in migrants who have been diagnosed with late stage CKD and migrants
who have initiated dialysis. We stratify our analysis by age and TB incidence in the country of origin to determine

which, if any, subgroup is cost-effective to screen for LTBI.

6.2 Methods

There is much uncertainty about TB risk in late stage CKD and dialysis patients. To determine this risk,
individual patient data were analyzed to derive a risk prediction equation to inform key parameters for a cost-
effectiveness analysis. The primary outcome of interest was active TB and, in the case of those with late stage CKD,
the progression outcome was dialysis; death was also an outcome. Competing risks survival analysis was selected,
as there was a high incidence of death that may affect regression parameters for our other outcomes of interest. In
this analysis, we determined the adjusted risk for the outcome of interest of TB and the disease progression
outcomes of death and, in the case of late stage CKD, dialysis. The cost-effectiveness analysis used these
parameters, alongside values from the literature for other parameters, to determine the benefit of LTBI screening in

migrants with late stage CKD or requiring dialysis.

6.2.1 Data Source

The data source spanned 1985 to 2013 inclusive, and has been described previously [385]. Briefly, we

utilized a permanent data linkage between Population Data BC [386] and IRCC [387]. Population Data BC houses
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individual-level, de-identified longitudinal patient data for all BC residents [386]. Included in this data are
hospitalizations [388], physician visits [389], drug dispensations [390], demographics [391], and vital statistics
[392]. In addition, Population Data BC links data from other sources, including the Provincial TB Registry [393],
BC Provincial HIV/AIDS Surveillance Database [394], and the Patient Records and Outcome Management
Information System (PROMIS) database [395]. The PROMIS database includes all patients referred to a
nephrologist by their general practitioner and includes relevant data such as eGFR and dialysis utilization [395].
Data requested from IRCC included all foreign-born permanent residents who registered into the BC Medical
Services Plan, the universal healthcare service in BC, during the study period, which specified, amongst others,
dates of arrival and country of origin [387]. When linked, the data sources provide a comprehensive medical history
of foreign-born permanent residents establishing residency in BC during the study period.

From this data source, individuals for this analysis were identified through three methods. Firstly,
individuals registered in the PROMIS database (i.e. were referred to a nephrologist) that had a GFR estimate <30
mL/min per 1.73m? (i.e. at least stage 4 CKD) [396] or had a visit requiring dialysis (i.e. chronic or acute dialysis)
were identified for inclusion. Secondly, individuals who had a physician billing code indicating dialysis were
included. Thirdly, a validated method for identifying individuals with at least stage 4 CKD using administrative data
was utilized [397]. In our dataset, this method identified 94% (3264 of 3472) of all individuals who were registered
in the PROMIS database. Using these methods, individuals were included in our study cohort and their inclusion
date was the earliest date of medical contact using any of these methods. Medical covariates of interest that may
influence risk of TB were also identified. Diabetes was identified using a validated case definition from the literature
[398]. HIV was identified using the BC Provincial HIV/AIDS Surveillance Database, hospital discharge records,
and physician billing codes [399]. Medical immune-suppression was identified through drug dispensation and has
been described previously [385]. For simplicity, HIV and medical immune-suppression were pooled. Billing codes
utilized are included in Table 6-1.

Using this dataset, two cohort designations were created: late stage CKD (i.e. at least stage 4 CKD not
requiring dialysis) and dialysis. Those who did not have dialysis as their earliest event or did not have dialysis begin
within 30 days of identification were classified as late stage CKD. Individuals were classified as dialysis (both
peritoneal and hemodialysis) if they ever had a dialysis date according to our data linkage (i.e. cohorts were not

mutually exclusive). We excluded individuals for the following reasons: previous LTBI screening, previous LTBI
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treatment, previous active TB diagnosis, and transplantation occurring prior to or <30 days after identification.
These exclusions were imposed, as these individuals would likely have different management and TB risk compared
to individuals without this history. A total of 6.6% of individuals classified as late stage CKD (858 of 13,016) and
11.2% classified as dialysis (201 of 1788) were excluded due to these reasons. This left a total of 12,158 and 1587
individuals who were in the late stage CKD and dialysis cohorts, respectively. Table 6-2 displays the characteristics

of the two cohorts.

6.2.2 Controlling for Tuberculosis Incidence in Country of Origin

The TB incidence in migrants originating from elevated TB incidence countries was significantly higher
than those from lower TB incidence countries due to the difference in LTBI prevalence between these settings. In
migrants with late stage CKD, the five-year cumulative incidence of TB in migrants from countries <100 cases per
100,000 was 0.3% and was 0.8% in migrants from countries >100 cases per 100,000. To fix this disparity in incident
TB cases between migrants originating from countries of different TB incidences, we controlled for TB incidence by
assigning an LTBI status variable by using estimated LTBI prevalence, based on IGRA positivity, from Chapter 3
[21]. To complete this, we assumed that all TB arose from LTBI (i.e. all incident TB cases in our data set were
forced to have LTBI) and randomly assigned LTBI to the remaining population based on LTBI prevalence
estimates. This removed the need to control for TB incidence in survival analysis. After assigning LTBI, only
migrants with LTBI were at risk of TB. This resulted in the five-year cumulative incidence of TB in those with
LTBI being 2.8% in migrants from countries with <100 cases per 100,000 and 2.9% in migrants from countries
>100 cases per 100,000. This demonstrated that this method effectively controlled for TB incidence in country of

origin.

6.2.3 Survival Analysis

From inclusion in the study cohort, individuals were followed until death or censoring at five years. If an
individual received a transplant during follow-up, this was treated as a censoring event. The outcome of interest was
TB, and, in the case of late stage CKD, the progression outcome was dialysis initiation. In this analysis we adjusted
for age (<60 years or >60 years), diabetes at time of diagnosis (yes or no), and HIV and/or medical immune-
suppression at time of diagnosis (yes or no), as these covariates affect risk of reactivation [96,400]. It was observed

that the rates of the events of death and TB were much higher in the immediate 3 months after inclusion in the study
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cohorts, likely due to co-prevalent TB and other health-related factors. To account for this, regression coefficients
for the survival analysis for these events were subdivided into two time periods and calculated separately: months 0-
3 and months 4-60. The Fine-Gray method of competing risks analysis was utilized to determine the effects of our
selected covariates on outcomes of TB, death, and dialysis initiation [401]. This method creates a survival regression
model employing the cumulative incidence function and sub-distribution hazard functions. Covariate coefficients are
estimated using a weighted partial-likelihood function, similar to Cox proportional hazards [401]. Covariate
coefficients, termed sub-distribution hazard ratios (SHR), show a direct effect in direction on the cumulative
incidence of the desired outcome, but the impact is not proportional (i.e. a SHR of two does not mean this covariate
increases cumulative incidence two-fold). Instead the resulting coefficients have a direct impact on the rate of the
desired outcome, making them ideal for prognostic means, such as in economic analyses using time-to-event
parameters. Results of the survival analysis are displayed in Table 6-3.

From our two time periods modeled, incidence of events of interest appeared to follow an exponential
distribution (Figure 6-1 and Figure 6-2). Two methods were utilized to determine the optimal exponential rate
parameter for the two time periods. In the first method, maximum likelihood estimation (MLE) [402], which selects
parameters that maximize the likelihood of the distribution fitting the observed data, was used on the baseline
survival function estimated in competing risks analysis. In the second method, observed cumulative incidences of
events in our dataset were used to estimate the mean time-to-event. The second method predicted observed
outcomes significantly better (Table 6-4).

Survival analysis was completed using R (version 3.3.2) packages survival (version 2.40-1) and MASS

(version 7.3-45).

6.2.4 Cost-Effectiveness Model
6.2.4.1 Overview

A DES model was developed using Simio (version 8.146.14121; Simio LLC, Sewickley, PA) and run using
Simio Replication Runner. The model was examined for both internal validity (functioned as intended) and external
validity to the data source used to inform it. DES was selected in order to accommodate modeling of multiple
competing events in a time-to-event framework [193]. A key component of this framework is that simulated

individuals are at consistent risk for possible events (e.g. for those with LTBI and late stage CKD, individuals were
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at risk for TB, death, and dialysis initiation) allowing for realistic risk modeling. In this model framework, times to
possible events are sampled from relevant distributions and the earliest time sampled is simulated to occur first.
Once this event occurs, new times to possible events are sampled. This process occurs until death or the end of the
simulation. The model took a healthcare system perspective, used a 1.5% discount rate according to CADTH
guidelines [190], and had a five-year time horizon to limit extrapolation from the average follow-up duration of the
data source. The main outcomes of the model were number of TB cases, number of population QALYS, and costs
(in 2016 CAD). Using the model output, the reduction in overall TB incidence, the ICER for the outcome of cost per
QALY gained, and the incremental NMB per person for the QALY outcome were calculated. A willingness-to-pay
threshold of $100,000 per QALY gained was used to determine if an intervention was cost-effective
[189,324,325,350].

Using the results of our time-to-event analysis, we examined implementing LTBI screening at two times:
(1) time of dialysis initiation and (2) time of late stage CKD diagnosis (i.e. healthcare system contact with stage 4 or
5 CKD not requiring dialysis). The base case in our model was to not screen or treat for LTBI at these times. It was
assumed that all individuals accepted the screening intervention when offered, but did not necessarily complete it.
Two screening strategies were evaluated: the TST utilizing a 10mm cut-point for a positive test and the IGRA where
a positive test was based on the manufacturer’s recommendation. It was assumed no individuals had active TB at
time of LTBI screening, however all individuals were simulated to receive a CXR as is standard clinical practice.
Those testing positive for LTBI were recommended treatment with isoniazid. Rifampin treatment was not
considered as a treatment in this chapter due to the risk of drug interactions [403,404], as patients with late stage
CKD tend to have several co-morbid conditions [405,406]; this resulted in sparse data on adverse events and
completion rates for rifampin in our data source and in the literature. Those who initiated treatment may complete
treatment, partially complete treatment, or experience an adverse event that may lead to hospitalization and/or death.
It was assumed that there was no impact of LTBI treatment on TB risk before 3 months of treatment were
completed; after three months of treatment, partial protection was granted. If an individual experienced TB, it was
assumed that those who did not die during treatment successfully completed it. Individuals with late stage CKD who
initiate dialysis prior to the time horizon were simulated with relevant time-to-event rates reflected in Table 6-3. A

simplified model structure is shown in Figure 6-3.
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Analysis of model output was stratified by age <60 years and >60 years and TB incidence in country of
origin stratified in four groups: (1) low, <30 cases per 100,000 population; (2) moderate, >30 and <100 cases per
100,000 persons per year; (3) high, >100 and <200 cases per 100,000 persons per year; (4) very high, >200 cases per
100,000 persons per year. Prevalence of risk modifying co-morbidities, diabetes and HIV and/or medical immune-
suppression, in each analysis subgroup was based on their relevant distributions in the data source. Characteristics of
the sixteen included subgroups can be found in Table 6-5. A minimum of 1000 replications of 100,000 individuals

in each subgroup was performed.

6.2.4.2 Parameters

All parameters are listed in Table 6-6.

The BCCDC provided LTBI diagnostic costs, LTBI treatment costs, and active TB treatment costs
(personal communication). Costs for LTBI adverse events and hospitalization were derived from the literature
[119,330]. TB contact tracing costs were calculated based on the costs of contact investigations in Canada reported
previously [221]. Hospitalization costs for TB were from the Canadian Institute for Health Information based on the
average cost of being hospitalized for TB in BC [407].

Quality of life estimates for late stage CKD and dialysis were based on reported SF-6D values from the
literature [408,409]. Adjustments for TB [331,332,410], adverse events [119,330], and hospitalization [119] were
imputed based on relative impacts in relevant studies.

Completion of LTBI screening and medical evaluation came from a meta-analysis of the LTBI cascade of
care [53]. LTBI diagnostic test sensitivity in dialysis was pooled from several studies evaluating diagnostic test
results in patients with dialysis who had active TB or previous TB [411-416]. Diagnostic test sensitivity in late stage
CKD was assumed to be the average of test sensitivity calculated in Chapter 2 and our calculated estimates for
dialysis [20]. Diagnostic test specificity was derived from the literature and assumed not to change in the presence of
late stage CKD or dialysis [24,34]. IGRA indeterminate rates were derived from our data source.

Initiation and completion of LTBI treatment was based on a study of end stage kidney disease patients in
BC [417]. Adverse event and treatment completion rates were assumed to be equal in dialysis and late stage CKD
patients and derived from our data source. Treatment effectiveness was derived from reported literature values [51].

All TB related parameters were derived from our data source.
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Estimates of BCG vaccination rates were based on reported BCG vaccination schedule in the BCG World
Atlas [224] and vaccine coverage was based on the average coverage rate in the preceding 36-years [316]. LTBI

prevalence was based on IGRA positivity prevalence reported in Chapter 3 [21].

6.2.5 Sensitivity Analysis

Relevant probabilistic distributions were created to model parameter uncertainty. Where costs were known
to fall within well-defined ranges, triangular distributions were used; in all other situations gamma distributions
were used. Beta distributions were used to model probabilities. When individual data was available, relevant
distributions were fit using MLE or the variance-covariance matrix of the regression coefficients [402]. Expert
opinion was used when uncertainty was unknown. In the PSA we relaxed the assumption that all individuals accept
screening, instead opting to reflect empirical data on screening acceptance [101]. PSA was carried out for a
minimum of 2000 replications on 100,000 individuals in each subgroup. PSA results were interpreted using the
average results and by constructing CEACs for each of the subgroups examined. CEACs were constructed on the
basis that an intervention provided the largest NMB compared to competing interventions.

Exploratory sensitivity analyses were performed to determine the impact of select assumptions. These
exploratory analyses include: reducing sensitivity and increasing indeterminate rate in late stage CKD to values used
in dialysis, reducing the average cost of hospitalization to the average cost of TB hospitalization in Canada
($12,055) [407], reducing the risk of mortality after TB diagnosis (6%) [133], halving the rate of TB, exploring the
impact of having a proportion of individuals refuse LTBI screening (23.3%) [101], making the cost of IGRA
identical to that of TST, and increasing the discount rate to 3%. Exploratory analyses were run for 1000 replications

on 100,000 individuals in each subgroup.

6.3 Results
6.3.1 LTBI Screening at Dialysis Initiation

No LTBI screening was cost-effective in migrants from low TB incidence countries (Table 6-7). LTBI
screening with an IGRA or TST at time of dialysis initiation was highly cost-effective in migrants from moderate to
very high incidence countries. In migrants who were <60 years of age, IGRA screening was dominant, while TST

screening resulted in ICERs of $79,014, $59,431, and $13,096 per QALY gained in moderate, high, and very high

incidence countries, respectively, compared to no screening. TST screening reduced TB incidence 19% while IGRA
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reduced TB incidence 27%. In migrants >60 years of age, IGRA screening was still dominant and TST screening in
migrants from moderate ($71,105 per QALY gained), high ($48,104 per QALY gained), and very high ($60 per
QALY gained) incidence countries was also cost-effective compared to no screening. TB incidence declines were
more significant in migrants >60 years of age, with declines in TB incidence of 23% and 33% when screening with
the TST and IGRA, respectively. IGRA screening was preferred to TST screening, providing more QALYs and

preventing more TB cases on average, while being significantly less expensive.

6.3.2 LTBI Screening at Late Stage CKD Diagnosis

Screening in this subgroup with an IGRA or TST reduced five-year TB incidence approximately 24% and
18%, respectively. LTBI screening remained cost-prohibitive in migrants from low TB incidence countries when
applied at late stage CKD diagnosis, however in moderate to very high incidence countries, cost-effectiveness of
screening varied based on age (Table 6-8).

In migrants <60 years of age, IGRA screening was not cost-effective in individuals from moderate
($129,953 per QALY gained) and high ($110,118 per QALY gained) incidence countries, however was cost-
effective in individuals from very high incidence countries with an ICER of $86,715 per QALY gained. TST
screening was not cost-effective in migrants <60 years of age, regardless of TB incidence in country of origin.

Screening migrants >60 years of age was significantly more cost-effective. IGRA screening was cost-
effective in migrants from moderate, high, and very high TB incidence countries with ICERs of $47,554, $42,846,
and $26,935, respectively. TST screening was only cost-effective in migrants from very high incidence countries
($54,257 per QALY gained), as screening migrants from moderate and high incidence countries resulted in ICERS

of $122,982 and $102,141, respectively.

6.3.3 Probabilistic Sensitivity Analysis
6.3.3.1 Dialysis Initiation

Average results of the PSA are found in Table 6-9. The average decline in TB incidence as a result of
LTBI screening was reduced approximately 50% during PSA and IGRA screening was no longer dominant in
moderate and high TB incidence countries, but was still very cost-effective when considering uncertainty in
screening acceptability. Screening at dialysis initiation was unlikely to be cost-effective in migrants from low TB

incidence countries (<50% at a WTP threshold of $200,000 per QALY). Alternatively, IGRA screening at a WTP
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threshold of $50,000 had probabilities of yielding the largest NMB of 75.9%, 78.0%, and 90% in migrants <60 years
of age from moderate, high, and very high incidence countries, respectively (Figure 6-4). In migrants >60 years of

age at this threshold, probabilities were 79.0%, 83.8%, and 95.5%, respectively (Figure 6-5).

6.3.3.2 Late Stage CKD Diagnosis

Table 6-10 displays the average results of the PSA. Similar to the results at dialysis initiation, TB declines
were significantly reduced during PSA when considering uncertainty in screening acceptability. The ICER for IGRA
screening in migrants <60 years of age from very high TB incidence countries was slightly above the WTP threshold
($100,970 per QALY gained), however this was the only decision to change during PSA. LTBI screening was
unlikely to be cost-effective in migrants from low incidence countries and unlikely to be cost-effective in migrants
from <60 years of age at a WTP threshold of $100,000 per QALY (Figure 6-6). In migrants >60 years of age IGRA
screening was very likely to provide the largest NMB at a WTP threshold of $100,000 per QALY. IGRA screening
had a probability of 57.9%, 60.2%, and 73.9% in migrants from moderate, high, and very high incidence countries,

respectively, at this threshold (Figure 6-7).

6.3.4 Exploratory Sensitivity Analyses

The impact of changes examined in the exploratory sensitivity analysis for LTBI screening at dialysis
initiation (Table 6-11) and at late stage CKD diagnosis (Table 6-12) were similar. Few of our estimates and
assumptions had significant impact on the cost per QALY gained seen in our base analysis. Costs of TB
hospitalization, discount rate, and LTBI screening acceptance had minimal impact on the cost per QALY gained
when LTBI screening was performed at late stage CKD diagnosis and at dialysis initiation. Assuming diagnostic
performance of the TST and IGRA was the same when performed at late stage CKD diagnosis as when performed at
dialysis initiation increased ICERs slightly, but did not change any decisions from our base analysis. Assuming
significantly fewer people died of TB when on dialysis increased ICERs, but would not change any funding
decisions.

Halving the TB rate used in this analysis had significant impacts on overall ICERs when LTBI screening
was done at late stage CKD diagnosis, with only IGRA screening being cost-effective in migrants >60 years of age

from very high TB incidence countries. When this was considered in the context of LTBI screening at dialysis
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initiation, IGRA screening was no longer dominant over the base case, but still cost-effective in migrants of any age
from moderate to very high incidence countries.

Assuming the IGRA cost was identical to the TST reduced ICERs and resulted in IGRA screening being
cost-effective when performed at late stage CKD diagnosis in migrants <60 years of age from high TB incidence

countries, however this was the only decision to differ from our base case.

6.4 Discussion

The results of our analysis demonstrate that LTBI screening with an IGRA in migrants from moderate to
very high TB incidence countries initiating dialysis is very cost-effective. The decision to perform LTBI screening
in migrants diagnosed with late stage CKD is more complicated. Screening was only cost-effective in migrants <60
years of age from very high TB incidence countries and migrants >60 years of age from moderate to very high TB
incidence countries. In low LTBI prevalence migrant populations, LTBI screening is not cost-effective in either
group. Regardless of population, however, IGRA screening consistently dominated TST screening, with lower
overall costs, fewer longitudinal TB cases, and greater gain in QALYS.

Our exploratory analysis indicates that reducing our TB rate estimate impacts ICERs and affects screening
decisions in late stage CKD patients, with only migrants >60 years of age from very high TB incidence countries
being cost-effective to screen in this scenario; no impact on decisions was seen when LTBI screening was performed
upon dialysis initiation. No other scenario analyzed in our exploratory analysis had significant impact on funding
decisions. PSA indicated the impact of LTBI screening on longitudinal TB incidence may be overestimated in
deterministic analysis and interventions may not be as cost-effective. This is further emphasized when evaluating
CEACs, which suggest no screening may in fact be preferred to IGRA screening at a WTP threshold of $100,000
per QALY in all late stage CKD populations <60 years of age.

Our study reaffirms current guidelines from several health agencies [3,346,368] on LTBI screening in new
dialysis patients, however it calls into question the cost-effectiveness of doing so in low LTBI prevalence
populations. The results of this chapter further suggest that certain migrants with late stage CKD should be screened
for LTBI, but this represents a significantly larger population to screen than simply migrants requiring dialysis and
feasibility may be brought into question. While migrant populations are at higher risk for CKD than locally-born

populations [228], careful consideration for LTBI screening is necessary as the healthcare resources used for this
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purpose may provide better value if used elsewhere. With limited resources for TB prevention, it is important to
target LTBI screening so as to maximize returns on investment. This however must be balanced with the potential
advantages of simplified screening recommendations to ensure uptake of policy.

A growing proportion of the world is developing CKD, potentially leading to increased TB rates in at-risk
populations affected by this trend. A major reason for this is the worldwide diabetes epidemic, which impacted 415
million people in 2015 and is predicted to impact 642 million by 2040 [418]. Diabetes is the number one risk factor
for CKD, with 80% of late stage CKD caused by diabetes or hypertension [419]. This is further supported by the
high diabetes prevalence seen in our late stage CKD and dialysis cohorts. The best course of action to avert TB-
related morbidity and mortality in CKD patients is to prevent upstream risk factors for CKD, which will include a
key focus on preventing and appropriately managing diabetes.

Reported rates of TB in late stage CKD and dialysis populations vary greatly in the literature. An Australia
wide study [235] examining the incidence of TB in those on dialysis saw rates of TB in dialysis populations over 11-
times higher than rates in the general population. In comparison to our study, our rates were nearly 30 times higher
than the general population, likely due to our population being strictly done in migrants who have a higher
prevalence of LTBI. Despite this, overall incidence in migrants from elevated TB incidences was similar, with a
longitudinal incidence of 1.8% compared to 2.0% incidence seen in our study and our data is consistent with
previously reported rates in British Columbia [420]. In a study completed in India by Venkata et al. [138], an
incidence of 4.0% was seen in patients with late stage CKD that may require maintenance dialysis. The
heterogeneity seen in TB risk in these populations may be due to differences in TB prevention efforts in these
jurisdictions and differences in epidemiologic drivers of TB in these populations.

This is the first comprehensive study of LTBI screening and treatment in CKD populations with an
increased LTBI prevalence. Our study has several strengths. We applied appropriate competing risks methodology
to determine the influence of various risk factors on progression to various health states in individuals with late stage
CKD or requiring dialysis. We used patient level data to populate relevant parameters in our model, which
significantly limits extrapolation and uncertainty in our estimates. We determined costs based on real healthcare
utilization data to determine the burden of TB in these populations on healthcare systems. Finally, we

comprehensively analyzed several heterogeneous subgroups to aid in policy-making decisions.
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Two cost-effectiveness analyses have been performed that previously examined LTBI screening in
hemodialysis patients. The first study completed by Kowada [218] was performed in a theoretical hemodialysis
population with a LTBI prevalence of 40%, but failed to examine a base scenario where no LTBI screening was
performed. The result of the analysis did indicate similar findings in that IGRA screening dominated TST screening.
The second study completed by Linas and colleagues [133] examined LTBI screening in several at-risk populations,
including a low LTBI prevalence end stage renal disease population from the United States with a reactivation rate
of 1.85 per 1000 person years. In this study it was found that IGRA screening and TST screening had a cost of
$1,240,725 and $872,612 per QALY gained, respectively (2016 CAD). These ICERs are significantly higher than
those seen in our study, which may be due to background mortality rate assumptions, low risk of death due to TB,
diagnostic test performance, and costs associated with TB. We examined adjusting the risk of death due to TB in our
exploratory analysis, however this did not explain the difference.

This chapter has limitations in generalizability and referral bias, however where possible, sensitivity
analysis was performed to determine their impact. Firstly, this study is based on migrant populations in BC, which
may have different epidemiological characteristics than migrant populations in other parts of Canada and the world.
Furthermore, for individuals to be listed in PROMIS, they must first be referred to a nephrologist. This suggests a
certain proportion of our study population may not reflect the “average” CKD patient, as these individuals may in
fact be sicker with a higher co-morbidity burden. Costs for this study were BC-specific and Canadian data indicates
that lengths and costs of TB hospitalizations in BC are amongst the highest in Canada, which can skew our results to
favoring intervention. Many of the TB cases from our data source occurred soon after late stage CKD diagnosis or
dialysis initiation, implying that many TB cases were simultaneously diagnosed; this may limit the number of
preventable TB cases longer-term. We attempted to account for this by allowing migrants to be continually at risk of
TB during LTBI treatment and not granting treatment benefit until 3 months of treatment were completed. Finally,
economic modeling requires careful balance of complexity and simplicity. We accounted for several risk-modifying
covariates, however there are several more that could potentially influence longitudinal TB risk, such as abnormal
CXR, socioeconomic status, and immigration class. We believe our choices in covariates maximize generalizability

to the clinic, while maintaining the level of detail required for a representative model.
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6.5 Conclusions

IGRA screening in migrants from moderate to very high TB incidence countries of all ages at time of
dialysis initiation and in migrants >60 years of age who have late stage CKD is very cost-effective. Healthcare
agencies should consider LTBI screening policies for elderly migrant populations with late stage CKD that originate
from countries of elevated TB incidence, while reconsidering policies dictating LTBI screening in low LTBI

prevalence populations initiating dialysis.
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6.6 Tables

Table 6-1. Billing codes to identify individuals with late stage CKD and dialysis not indexed in PROMIS

Classification Type

Record Source and Method

Billing Codes

Late Stage CKD

Dialysis

Diabetes

HIV

DAD and MSP.

Two DAD records within
three years or two MSP
billing records within three
years.

MSP.

Two or more billing fee item
codes separated by at least 90
days.

DAD and MSP.

One DAD record or two or
more MSP records within two
years.

DAD and MSP.

One DAD record or two or
more MSP records within two
years.

ICD-9: 584, 585, 586
ICD-10: N17, N18, N19

MSP Billing Fee Item Code: 323, 324, 350, 351, 352, 355, 356, 358, 359, 361, 7598, 7599, 33723,
33750, 33751, 33752, 33708, 33756, 33758, 33759, 33761, 77390, 77380

ICD-9: 250
ICD10: E10, E11, E12, E13, E14

ICD-9: 042, 043, 044
ICD-10: B20, B21, B22, B23, B24

DAD: Hospital discharge abstract database; MSP: Medical Services Plan physician billing; ICD: International Classification of Diseases; CKD: Chronic Kidney Disease; HIV: Human

Immunodeficiency Virus

When a disease required two or more events to be identified, the earlier of the two events was considered diagnosis date.
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Table 6-2. Characteristics of dataset used for calibration

Parameter Late Stage CKD Dialysis
N 12,158 1587
Total Follow-up Time (Years) 38,275 4597
Mean Follow-up Time in Years (SD) 3.15(1.85) 2.90 (1.82)
Median Follow-up Time in Years (Q1-Q3) 3.61 (1.41-5.00) 2.92 (1.18-5.00)
Total TB Cases (%) 81 (0.67%) 32 (2.02%)
Mean Time to TB in Years (SD) 1.53 (1.58) 1.50 (1.33)
Median Time to TB in Years (Q1-Q3) 0.90 (0.08-2.97) 0.92 (0.41-2.58)
TB Rate per 1000 Person Years 2.12 7.08
Total Deaths (%0) 2639 (21.7%) 475 (29.9%)
Mean Time to Death (Years) 1.32 (1.46) 1.65 (1.43)
Number in Dialysis State at End of Follow-up (%) 803 (6.6%) -
Mean Time to Dialysis in Years (SD) 1.79 (1.37) -
Mean Age (SD) 64.26 (17.63) 60.34 (16.80)
Number of Males (%0) 6623 (54.5%) 925 (58.3%)
Age >60 (%) 7881 (64.8%) 901 (56.8%)
Diabetes (%) 4694 (38.6%) 794 (50.0%)
HIV or Medical Immune-Suppression (%) 368 (3.02%) 45 (2.84%)
Low Incidence (%) 1605 (13.2%) 132 (8.3%)
Moderate Incidence (%) 2215 (18.2%) 316 (19.9%)
High Incidence (%0) 3917 (32.2%) 491 (30.9%)
Very High Incidence (%) 4421 (36.4%) 648 (40.8%)
Estimated LTBI Prevalence 22.4% 25.9%
Estimated TB Rate per 1000 Person Years | LTBI 9.47 28.8

Dataset was censored at 5 years.

Q1-Q3: Quartile 1 to Quartile 3; TB: tuberculosis; HIV: human immunodeficiency virus; LTBI: latent tuberculosis infection; CKD: chronic kidney disease
Very High Incidence: >200 cases per 100,000; High Incidence: >100 and <200 cases per 100,000; Moderate Incidence: >30 and <100 cases per 100,000; Low Incidence: <30 cases per 100,000
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Table 6-3. Time-to-event parameters

Parameter Mean Time Estimate in Years® SHR for Age® SHR for Diabetes® SHR for Immune-Compromised®
(PSA Distribution)® (PSA Distribution)® (PSA Distribution)®
Month 1-3, CKD with LTBI
_ 1.3612 0.3782 1.1421
Timeto TB 22.762 Normal(0.308,0.415) Normal(-0.972,0.471) Normal(0.133,1.019)
: 1.8018 0.7875 1.6552
e DL LaEkET Normal(0.638,0.163) Normal(-0.239,0.142) Normal(0.504,0.310)
Month 4-60, CKD with LTBI
: 2.0806 1.0831 0.9512
Wi s 2 D Normal(0.733,0.408) Normal(0.080,0.337) Normal(-0.050,1.014)
: 4.976 1.221 2.269
Time to Death 147.685 Normal(1.605,0.193) Normal(0.200,0.120) Normal(0.819,0.257)
Month 1-60, CKD with LTBI
) o 0.5457 2.0082 0.4263
Time to Dialysis 51.966 Normal(-0.606,0.135) Normal(0.697,0.134) Normal(-0.853,0.581)
Month 1-3, CKD no LTBI
) 2.2300 0.7867 1.3763
Time to Death 4.863 Normal(0.802,0.091) Normal(-0.240,0.077) Normal(0.319,0.183)
Month 4-60, CKD no LTBI
. 6.386 1.004 1.201
Time to Death 152.951 Normal(1.854,0.107) Normal(0.090,0.061) Normal(0.255,0.161)
Month 1-60, CKD no LTBI
) o 0.5742 23433 0.7933
Time to Dialysis 71519 Normal(-0.555,0.082) Normal(0.852,0.082) Normal(-0.232,0.253)
Month 1-3, Dialysis with LTBI
: 0.2001 1 1
Timeto TB 11.326 Normal(-1.609,1.118) (NA) (NA)
: 2.506 1.89 1
Ui i 2T s Normal(0.919,0.520) Normal(0.637,0.466) (NA)
Month 4-60, Dialysis with LTBI
: 0.5937 1.742 1.3612
Uil sl 8.1 Normal(-0.521,0.399) Normal(0.555,0.404) Normal(0.308,1.024)
_ 4.3557 2.2345 0.8126
Time to Death 77.148 Normal(L.471,0.304) Normal(0.804,0.237) Normal(-0.208,0.589)
Month 1-3, Dialysis no LTBI
_ 26515 1.9606 0.8923
Time to Death 11.560 Normal(0.975,0.307) Normal(0.673,0.267) Normal(-0.114,0.717)
Month 4-60, Dialysis no LTBI
_ 4.267 1.427 0.905
Time to Death 51.724 Normal(L.451,0.167) Normal(0.355,0.127) Normal(-0.010,0.359)
After TB Cure, CKD
: 1.011 2.885 7.116
Time to Death 73.681 Normal(0.011,1.348) Normal(1.060,1.167) Normal(1.962,1.392)
After TB Cure, Dialysis
: 1 1.112 1
Time to Death 60.674 (NA) Normal(0.106,1.414) (NA)

All effect estimates are from Fine-Gray competing risks regression. LTBI: Latent Tuberculosis Infection; TB: Tuberculosis; CKD: Chronic Kidney Disease; SHR: Sub-distribution Hazard Ratio
*Based on BC TB Data and modeled with an exponential distribution; °If age over 60; °If diagnosed with diabetes; “If on immunosuppressants or diagnosed with HIV; Results are exponentiated



Table 6-4. Model fit comparison of outcomes of interest using MLE of baseline survival and manual fitting to data

Tuberculosis Death Dialysis

Estimation Method

% Deviation from Actual % Deviation from Actual % Deviation from Actual

Actual 8 2639 803

1
90 2775 813

Manual Fit to Data 11.1% 5.1% 1.2%

Actual 3 475

2 -
35 465 )

Manual Fit to Data (9.4%) (2.1%)

MLE: Maximum Likelihood Estimation
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Table 6-5. Characteristics of included subgroups

Prevalence of HIV and/or medical

Age . . . Prevalence of Diabetes - -
Cohort (at time of intervention) TB Incidence in Country of Origin (at time of intervention) Immune-suppression
(at time of intervention)

Late Stage CKD >60 years Low 30.6% 2.8%

Late Stage CKD >60 years Moderate 51.6% 4.7%

Late Stage CKD >60 years High 45.2% 1.7%

Late Stage CKD >60 years Very High 54.4% 3.9%

Late Stage CKD <60 years Low 11.3% 4.1%

Late Stage CKD <60 years Moderate 24.6% 3.0%

Late Stage CKD <60 years High 18.1% 2.9%

Late Stage CKD <60 years Very High 27.2% 2.4%
Dialysis >60 years Low 36.7% 1.7%
Dialysis >60 years Moderate 66.5% 2.4%
Dialysis >60 years High 58.8% 2.2%
Dialysis >60 years Very High 69.8% 4.9%
Dialysis <60 years Low 23.6% 0%

Dialysis <60 years Moderate 43.4% 3.3%
Dialysis <60 years High 28.1% 1.1%
Dialysis <60 years Very High 32.4% 2.8%

Very High Incidence: >200 cases per 100,000; High Incidence: >100 and <200 cases per 100,000; Moderate Incidence: >30 and <100 cases per 100,000; Low Incidence: <30 cases per 100,000

CKD: Chronic Kidney Disease; TB: Tuberculosis; HIV: Human Immunodeficiency Virus
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Table 6-6. Model parameters and values used for sensitivity analysis
Parameter Estimate Range for PSA Reference

Death due to TB or LTBI AE $15,500 Gamma(29,560) Imputed from [338]

LTBI Costs

Partial INH Triangular, 174-804 BCCDC, [330,337

Incomplete TST Triangular, 17-25

LTBI Adverse Event Triangular, 549-916 330

TB Costs

All costs are in 2016 CAD.
PSA: Probabilistic Sensitivity Analysis; INH: Isoniazid; RIF: Rifampin; BCCDC: British Columbia Centre for Disease Control; TST: Tuberculin Skin Test; IGRA: Interferon-Gamma Release Assay;
CXR: Chest X-Ray; LTBI: Latent Tuberculosis Infection; TB: Tuberculosis; AE: Adverse Event; CKD: Chronic Kidney Disease
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Table 6-6. Continued

Parameter Estimate Range for PSA Reference
QALYs
Chronic Kidney Disease 0.66 Beta(9.63,4.96) [408,409]
Dialysis 0.62 Beta(8.02,4.92) [408,409]
LTBI Adjustment 1 - Implied from [331]
Adverse Event Adjustment 0.8 Triangular, £25% [119,330]
TB Adjustment 0.75 Triangular, £25% [331-333,410]
Hospitalization 0.4 Triangular, £25% Adjusted from [119]
Dead 0 - Standard
Screening Parameters
Accept Screening 1 Beta(227,69) [101]
TST Sensitivity (CKD) 0.651 Beta(34.46,18.47) Mean of Dialysis and Chapter 2, [20]
TST Sensitivity (Dialysis) 0.519 Beta(40,37) [411,412,416]
TST Specificity (No BCG) 0.974 Beta(770,21) [24,34]
TST Specificity (BCG) 0.602 Beta(239,158) [24,34]
IGRA Sensitivity (CKD) 0.780 Beta(48.54,13.69) Mean of Dialysis and Chapter 2, [20]
IGRA Sensitivity (Dialysis) 0.670 Beta(61,30) [412-415]
IGRA Specificity 0.957 Beta(900,40) [24,34]
IGRA Indeterminate (CKD) { 0.041 Beta(4,93) In House TB Data, [414,422-424]
IGRA Indeterminate (Dialysis) 1 0.067 Beta(143,2003) In House TB Data, [414,422-424]
Complete TST+ 0.913 Beta(44.23,4.22) [53]
Complete Medical Evaluation 0.880 Beta(32.91,4.49) [53]
Population Characteristics
LTBI Prevalence: Very High Incidence  0.336 Beta(50.59,99.97) Chapter 3, [21]
LTBI Prevalence: High Incidence 0.203 Beta(336.99,1323.04) Chapter 3, [21]
LTBI Prevalence Moderate Incidence 0.159 Beta(68.26,361.05) Chapter 3, [21]
LTBI Prevalence Low Incidence 0.029 Beta(1.50,50.12) Chapter 3, [21]

{Treated as a negative result if it occurred twice in a row; was equally likely to occur in those with and without LTBI

tAssuming TST was accepted

Very High Incidence: >200 cases per 100,000; High Incidence: >100 and <200 cases per 100,000; Moderate Incidence: >30 and <100 cases per 100,000; Low Incidence: <30 cases per 100,000
QALY: Quality Adjusted Life Year; PSA: Probabilistic Sensitivity Analysis; INH: Isoniazid; RIF: Rifampin; TST: Tuberculin Skin Test; IGRA: Interferon-Gamma Release Assay; CXR: Chest X-Ray;

LTBI: Latent Tuberculosis Infection; TB: Tuberculosis; CKD: Chronic Kidney Disease; BCG: Bacillus Calmette-Guérin
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Table 6-6. Continued

Parameter Estimate Range for PSA Reference
Treatment Parameters
Initiate 0.735 Beta(97,35) [417]
Complete INH 0.767 Beta(69,21) In House TB Data, [417,425]
AE INH 0.089 Beta(8,82) In House TB Data, [417]
Hospitalization | AE 0.033 Beta(1,29) [417,426]
Death INH 0.000023 Beta(1,43333) [340]
LTBI Risk Reduction INH 0.93 Normal(-2.597,0.461)8 [51]
Partial Risk Reduction INH 0.5 Normal(-0.679,0.300)8 Imputed from [51]
Duration of LTBI AE Impact 7 days Gamma(0.7,10) Expert Opinion, [119]
LTBI Hospitalization Duration 7 days Gamma(1.96,7) Expert Opinion, [426]
TB Parameters
All Cause Death | TB (CKD) 0.25 Beta(8,24) In House TB Data, [372]
All Cause Death | TB (Dialysis) 0.313 Beta(20,44) In House TB Data, [372]
Proportion Hospitalized | TB
CKD 0.578 Beta(48,35) In House TB Data, [427]
Dialysis 0.617 Beta(29,18)
Number of Contacts per CKD TB Case 19 Gamma(0.84,22.37) In House TB Data, [221]
Number of Contacts per Dialysis TB Case 35 Gamma(0.50,70.27) In House TB Data, [221]
Number of Hospitalizations | Hospitalized
CKD 2 Gamma(3.10,0.65) In House TB Data, [427]
Dialysis 2 Gamma(3.41,0.59)
Length of TB Hospitalization (days)
CKD 35 Gamma(0.87, 40.58) In House TB Data, [427]
Dialysis 39 Gamma(1.06, 36.43)
Model Parameters
BCG Vaccination (<30 cases) 0.605 Beta(45137,29502) [224]
BCG Vaccination (=30 cases) 0.998 Beta(185381,384) [224]
BCG Vaccination Uptake 0.837 - [316]
Discount Rate 0.015 - [190]
Time Horizon 5 years - -

8Results from Normal distribution are exponentiated
PSA: Probabilistic Sensitivity Analysis; INH: Isoniazid; RIF: Rifampin; AE: Adverse Event; LTBI: Latent Tuberculosis Infection; TB: Tuberculosis; CKD: Chronic Kidney Disease; BCG: Bacillus

Calmette-Guérin
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Table 6-7. Results of LTBI screening at dialysis initiation

. Cost per QALY Incremental Net
Intervention Cost p%)Person QALYs per Person (perI(I)BO(():gZ?Ssons) Je 33;:?:?5/5 ) Ga&r;ed Moneta(r$y) Benefit
Age <60, Low TB Incidence
Base Case 93.22 2.79916 2.70 - - -
IGRA/INH 165.02 2.79956 1.97 27.04 179,322 -31.76
TST/INH 236.80 2.79946 2.18 19.34 469,978 -113.03
Age <60, Moderate TB Incidence
Base Case 558.43 2.77204 16.19 - - -
IGRA/INH 554.66 2.77459 11.73 27.55 Dominant 259.25
TST/INH 695.31 2.77377 13.03 19.55 79,014 36.35
Age <60, High TB Incidence
Base Case 665.25 2.79032 19.28 - - -
IGRA/INH 653.29 2.79333 14.07 27.01 Dominant 312.25
TST/INH 788.57 2.79240 15.58 19.19 59,431 84.18
Age <60, Very High TB Incidence
Base Case 1128.83 2.78068 32.72 - - -
IGRA/INH 1043.94 2.78584 23.80 27.25 Dominant 600.51
TST/INH 1176.58 2.78433 26.38 19.36 13,096 316.87
Age 260, Low TB Incidence
Base Case 66.05 2.30411 1.88 - - -
IGRA/INH 140.41 2.30450 1.27 32.34 190,181 -35.26
TST/INH 209.44 2.30432 1.45 23.07 678,316 -122.25
Age >60, Moderate TB Incidence
Base Case 490.47 2.23394 13.93 - - -
IGRA/INH 473,51 2.23653 9.32 33.09 Dominant 275.96
TST/INH 613.37 2.23567 10.64 23.62 71,015 50.16
Age >60, High TB Incidence
Base Case 584.97 2.25025 16.62 - - -
IGRA/INH 554.63 2.25336 11.13 32.99 Dominant 341.25
TST/INH 691.47 2.25247 12.72 23.43 48,104 114.90
Age >60, Very High TB Incidence
Base Case 1085.22 2.21854 30.82 - - -
IGRA/INH 938.04 2.22441 20.61 33.13 Dominant 734.50
TST/INH 1085.46 2.22261 23.56 23.54 60 407.23

TB: tuberculosis; IGRA: interferon-gamma release assay; TST: tuberculin skin test; INH: isoniazid; QALY quality adjusted life year
Dominant: this intervention has lower costs and better outcomes than the base case.
Very High Incidence: >200 cases per 100,000; High Incidence: >100 and <200 cases per 100,000; Moderate Incidence: >30 and <100 cases per 100,000; Low Incidence: <30 cases per 100,000
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Table 6-8. Results of LTBI screening at late stage CKD diagnosis

- Cost per QALY Incremental Net
Intervention Cost p%)Person QALYs per Person (per-ll-(?oocgzerssons) I;re %L:St(:i:)dr??(g;: ) Ga&r;ed Moneta(r$y) Benefit
Age <60, Low TB Incidence
Base Case 19.03 2.99234 0.65 - - -
IGRA/INH 111.54 2.99253 0.50 23.07 491,731 -73.70
TST/INH 177.86 2.99247 0.53 18.02 1,221,979 -145.83
Age <60, Moderate TB Incidence
Base Case 105.97 2.98834 3.60 - - -
IGRA/INH 237.05 2.98935 2.71 24.69 129,953 -30.21
TST/INH 340.81 2.98905 2.93 18.79 328,704 -163.40
Age <60, High TB Incidence
Base Case 133.89 2.98611 4.57 - - -
IGRA/INH 279.62 2.98744 3.48 23.83 110,118 -13.39
TST/INH 372.26 2.98706 3.74 18.12 251,498 -143.59
Age <60, Very High TB Incidence
Base Case 224.19 2.98232 7.63 - - -
IGRA/INH 407.13 2.98443 5.70 25.23 86,715 28.02
TST/INH 467.77 2.98391 6.16 19.23 153,115 -84.50
Age 260, Low TB Incidence
Base Case 30.76 2.55349 1.00 - - -
IGRA/INH 119.45 2.55383 0.78 22.45 263,378 -55.02
TST/INH 183.15 2.55370 0.83 17.13 719,334 -131.21
Age >60, Moderate TB Incidence
Base Case 188.66 251217 6.12 - - -
IGRA/INH 297.32 2.51445 4.66 23.72 47,554 119.84
TST/INH 400.45 2.51389 5.00 18.22 122,982 -39.58
Age >60, High TB Incidence
Base Case 230.92 2.53062 7.48 - - -
IGRA/INH 349.59 2.53339 5.72 23.58 42,846 158.31
TST/INH 443.24 2.53270 6.13 18.07 102,141 -4.45
Age >60, Very High TB Incidence
Base Case 402.59 2.50768 13.04 - - -
IGRA/INH 538.98 2.51275 9.92 23.90 26,935 369.99
TST/INH 605.91 2.51143 10.67 18.21 54,257 17141

TB: tuberculosis; IGRA: interferon-gamma release assay; TST: tuberculin skin test; INH: isoniazid; QALY quality adjusted life year
Dominant: this intervention has lower costs and better outcomes than the base case.
Very High Incidence: >200 cases per 100,000; High Incidence: >100 and <200 cases per 100,000; Moderate Incidence: >30 and <100 cases per 100,000; Low Incidence: <30 cases per 100,000
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Table 6-9. Average results of PSA of LTBI screening at dialysis initiation

. Cost per QALY Incremental Net
Intervention Cost p%)Person QALYs per Person (perI(I)BO(():gZ?Ssons) Je 33;:?:?5/5 ) Ga&r;ed Moneta(r$y) Benefit
Age <60, Low TB Incidence
Base Case 99.50 2.55650 2.83 - - -
IGRA/INH 155.18 2.55676 241 15.03 216,436 -29.95
TST/INH 213.29 2.55665 2.53 10.57 755,952 -98.74
Age <60, Moderate TB Incidence
Base Case 593.39 2.52874 16.84 - - -
IGRA/INH 611.49 2.53032 14.21 15.61 11,440 140.16
TST/INH 715.58 2.52986 14.96 11.18 108,961 -10.05
Age <60, High TB Incidence
Base Case 695.01 2.54710 19.74 - - -
IGRA/INH 714.20 2.54886 16.73 15.25 10,906 156.83
TST/INH 812.63 2.54835 17.60 10.86 94,754 6.51
Age <60, Very High TB Incidence
Base Case 1191.79 2.53705 33.83 - - -
IGRA/INH 1174.12 2.54012 28.61 15.44 Dominant 324.05
TST/INH 1265.12 2.53920 30.12 10.95 34,143 141.43
Age 260, Low TB Incidence
Base Case 78.41 2.09561 2.17 - - -
IGRA/INH 134.06 2.09586 1.79 17.73 215,568 -29.83
TST/INH 190.37 2.09573 1.90 12.47 920,295 -99.79
Age >60, Moderate TB Incidence
Base Case 553.07 2.02792 15.30 - - -
IGRA/INH 560.51 2.02981 12.52 18.13 3,954 180.67
TST/INH 664.93 2.02923 13.33 12.89 85,411 19.11
Age >60, High TB Incidence
Base Case 661.68 2.04276 18.32 - - -
IGRA/INH 662.29 2.04501 14.99 18.14 269 224.10
TST/INH 762.61 2.04434 15.95 12.94 64,175 56.34
Age >60, Very High TB Incidence
Base Case 1230.66 2.01013 34.07 - - -
IGRA/INH 1165.66 2.01433 27.82 18.33 Dominant 485.11
TST/INH 1267.68 2.01309 29.63 13.03 12,481 259.55

TB: tuberculosis; IGRA: interferon-gamma release assay; TST: tuberculin skin test; INH: isoniazid; QALY quality adjusted life years
Dominant: this intervention has lower costs and better outcomes than the base case.

Very High Incidence: >200 cases per 100,000; High Incidence: >100 and <200 cases per 100,000; Moderate Incidence: >30 and <100 cases per 100,000; Low Incidence: <30 cases per 100,000
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Table 6-10. Average results of PSA of LTBI screening at late stage CKD diagnosis

- Cost per QALY Incremental Net
Intervention Cost p%)Person QALYs per Person (per-ll-(?oocgzerssons) I;re %L:St(:i:)dr??(g;: ) Ga&r;ed Moneta(r$y) Benefit
Age <60, Low TB Incidence
Base Case 20.57 2.97975 0.69 - - -
IGRA/INH 88.74 2.97990 0.60 12.38 446,061 -52.89
TST/INH 143.49 2.97985 0.62 9.52 1,163,751 -112.36
Age <60, Moderate TB Incidence
Base Case 112.63 2.97384 3.73 - - -
IGRA/INH 214.41 2.97455 3.23 13.49 144,140 -31.17
TST/INH 296.63 2.97436 3.34 10.44 358,087 -132.61
Age <60, High TB Incidence
Base Case 141.90 2.97231 471 - - -
IGRA/INH 255.83 2.97321 4.10 12.98 127,233 -24.38
TST/INH 329.34 2.97296 4.24 9.97 289,676 -122.73
Age <60, Very High TB Incidence
Base Case 238.16 2.96688 7.87 - - -
IGRA/INH 385.81 2.96834 6.79 13.74 100,970 -1.42
TST/INH 433.66 2.96795 7.05 10.42 183,557 -88.99
Age >60, Low TB Incidence
Base Case 35.72 2.54005 1.13 - - -
IGRA/INH 100.93 2.54033 0.99 12.63 234,412 -37.39
TST/INH 153.64 2.54024 1.02 9.61 617,042 -98.81
Age >60, Moderate TB Incidence
Base Case 214.01 2.49415 6.73 - - -
IGRA/INH 299.89 2.49585 5.85 13.02 50,588 83.89
TST/INH 381.50 2.49536 6.06 9.90 138,074 -46.18
Age >60, High TB Incidence
Base Case 259.02 2.51355 8.17 - - -
IGRA/INH 354.80 2.51558 7.11 12.94 47,064 107.73
TST/INH 429.01 2.51504 7.36 9.80 113,702 -20.49
Age >60, Very High TB Incidence
Base Case 456.42 2.48729 14.34 - - -
IGRA/INH 570.54 2.49098 12.45 13.19 30,860 255.68
TST/INH 622.96 2.49006 12.90 10.03 60,081 110.65
QALY: quality adjusted life year; TB: tuberculosis; IGRA: interferon-gamma release assay; INH: isoniazid; TST: tuberculin skin test
Very High Incidence: >200 cases per 100,000; High Incidence: >100 and <200 cases per 100,000; Moderate Incidence: >30 and <100 cases per 100,000; Low Incidence: <30 cases per 100,000
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Table 6-11. Results of exploratory sensitivity analysis of LTBI screening at dialysis initiation in cost per QALY gained

. . Hospitalization 76.7% Accept IGRA Cost is Only 6% Die
Intervention Base Case 3% Discount Rate Cost of $12,055 Halved TB Rate Screening Equivalent to TST With TB
Age <60, Low TB Incidence

IGRA/INH 179,322 188,946 187,497 326,520 183,187 118,118 280,232
TST/INH 469,978 491,217 478,096 870,892 686,536 469,978 805,755
Age <60, Moderate TB Incidence
IGRA/INH Dominant 372 5,851 55,241 Dominant Dominant 2,918
TST/INH 79,014 84,361 86,667 222,081 78,578 79,014 118,162
Age <60, High TB Incidence
IGRA/INH Dominant Dominant 3,310 50,224 Dominant Dominant Dominant
TST/INH 59,431 63,855 66,935 178,783 60,443 59,431 93,401
Age <60, Very High TB Incidence
IGRA/INH Dominant Dominant Dominant 23,669 Dominant Dominant Dominant
TST/INH 13,096 15,539 20,371 84,195 13,112 13,096 23,704
Age 260, Low TB Incidence
IGRA/INH 190,181 201,477 197,672 487,976 233,210 127,823 297,213
TST/INH 678,316 716,219 707,823 1,210,116 782,254 678,316 992,359
Age >60, Moderate TB Incidence
IGRA/INH Dominant Dominant 880 45,111 Dominant Dominant Dominant
TST/INH 71,015 76,037 79,002 174,430 67,733 71,015 136,847
Age >60, High TB Incidence
IGRA/INH Dominant Dominant Dominant 37,366 Dominant Dominant Dominant
TST/INH 48,104 51,927 55,430 161,687 47,738 48,104 97,091
Age >60, Very High TB Incidence
IGRA/INH Dominant Dominant Dominant 8,610 Dominant Dominant Dominant
TST/INH 60 1,936 7,495 60,804 12 60 8,342

TB: tuberculosis; IGRA: interferon-gamma release assay; TST: tuberculin skin test; INH: isoniazid
Dominant: this intervention has lower costs and better outcomes than the base case.

Very High Incidence: >200 cases per 100,000; High Incidence: >100 and <200 cases per 100,000; Moderate Incidence: >30 and <100 cases per 100,000; Low Incidence: <30 cases per 100,000
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Table 6-12. Results of exploratory sensitivity analysis of LTBI screening at late stage CKD diagnosis in cost per QALY gained

— S - -
Intervention Base Case 3% Discount Rate gg:f :)tfaglzg’té(ég Halved TB Rate 76'81r/geAn?§gpt quu(iavRaﬁriq[zt'IrSST Teigsgigw:izlf nt
Age <60, Low TB Incidence
IGRA/INH 491,731 516,870 492,391 1,488,372 581,898 373,988 586,996
TST/INH 1,221,979 1,291,770 1,182,972 15,017,123 1,449,954 1,221,979 1,925,303
Age <60, Moderate TB Incidence
IGRA/INH 129,953 136,294 133,549 299,349 132,087 106,696 149,817
TST/INH 328,704 344,019 331,437 778,971 303,266 328,704 429,164
Age <60, High TB Incidence
IGRA/INH 110,118 115,402 113,398 242,002 113,590 92,222 125,333
TST/INH 251,498 263,609 253,904 539,712 251,443 251,498 313,553
Age <60, Very High TB Incidence
IGRA/INH 86,715 91,413 90,450 203,666 84,423 75,554 93,536
TST/INH 153,115 161,009 157,188 342,686 155,758 153,115 182,425
Age 260, Low TB Incidence
IGRA/INH 263,378 273,183 254,692 386,072 223,426 194,281 232,638
TST/INH 719,334 760,588 704,859 942,666 561,380 719,334 815,770
Age >60, Moderate TB Incidence
IGRA/INH 47,554 50,129 49,964 112,785 46,309 37,111 55,242
TST/INH 122,982 128,622 125,245 262,355 125,199 122,982 149,820
Age >60, High TB Incidence
IGRA/INH 42,846 45,220 45,456 109,343 42,281 34,218 48,920
TST/INH 102,141 107,228 104,783 236,027 97,966 102,141 119,283
Age >60, Very High TB Incidence
IGRA/INH 26,935 28,650 29,413 77,352 27,636 22,241 30,077
TST/INH 54,257 57,024 56,806 132,206 53,483 54,257 64,358

TB: tuberculosis; IGRA: interferon-gamma release assay; TST: tuberculin skin test; INH: isoniazid
Very High Incidence: >200 cases per 100,000; High Incidence: >100 and <200 cases per 100,000; Moderate Incidence: >30 and <100 cases per 100,000; Low Incidence: <30 cases per 100,000
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6.7 Figures

Figure 6-1. Proportion of individuals with late stage CKD in each health state over the follow-up time of the data source who (A) have LTBI or (B) do not have

LTBI
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Figure 6-2. Proportion of individuals initiating dialysis in each health state over the follow-up time of the data source who (A) have LTBI or (B) do not have
LTBI
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Figure 6-3. Model structure and health state transitions. (A) Model structure and typical pathway of screening and treatment for LTBI in simulated patients; (B)

Possible health state transitions
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Figure 6-4. Cost-effectiveness acceptability curves for migrants <60 years of age at dialysis initiation for LTBI screening. The plots display the probability an

intervention has the largest net monetary benefit at various willingness-to-pay thresholds in migrants from (A) low incidence countries, (B) moderate incidence
countries, (C) high incidence countries, and (D) very high incidence countries.
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Figure 6-5. Cost-effectiveness acceptability curves for migrants >60 years of age at dialysis initiation for LTBI screening. The plots display the probability an
intervention has the largest net monetary benefit at various willingness-to-pay thresholds in migrants from (A) low incidence countries, (B) moderate incidence
countries, (C) high incidence countries, and (D) very high incidence countries.
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Figure 6-6. Cost-effectiveness acceptability curves for migrants <60 years of age at late stage CKD diagnosis for LTBI screening. The plots display the
probability an intervention has the largest net monetary benefit at various willingness-to-pay thresholds in migrants from (A) low incidence countries, (B)

moderate incidence countries, (C) high incidence countries, and (D) very high incidence countries.
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Figure 6-7. Cost-effectiveness acceptability curves for migrants >60 years of age at late stage CKD diagnosis for LTBI screening. The plots display the
probability an intervention has the largest net monetary benefit at various willingness-to-pay thresholds in migrants from (A) low incidence countries, (B)
moderate incidence countries, (C) high incidence countries, and (D) very high incidence countries.
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CHAPTER 7. DISCUSSION AND CONCLUSIONS

7.1 Overall Summary of Findings

Prior to the undertaking of this thesis, the cost-effectiveness of LTBI screening in migrants had only been
evaluated in broad, non-specific populations resulting in heterogeneity in conclusions between evaluations. These
differing results and a recent analysis quantifying attrition in domestic LTBI screening programs meant that LTBI
screening in migrants had to be comprehensively evaluated from a fresh perspective. Moreover, the updated
Canadian TB Standards [3] highlighted several groups at increased risk of TB, such as people with CKD, with
diabetes, with HIV, and on medical immune-suppressants who should be considered for LTBI screening. This
represents an enormous population, one that would be difficult to screen using current healthcare resources. We
postulated that reducing attrition in LTBI screening programs and/or targeting LTBI screening to migrant
populations with high LTBI prevalence and high-risk for TB may result in evidence to support cost-effective
screening programs. Targeting LTBI screening to new migrants to Canada who have been flagged for post-arrival
follow-up due to CXR abnormalities was very cost-effective, while broadly applying LTBI screening to all new
migrants was cost-prohibitive. Additionally, targeting screening to specific migrants from countries with TB
incidences >30 cases per 100,000 with late stage CKD or requiring dialysis, was cost-effective or cost saving.
Finally, performing mass LTBI screening prior to immigration in migrants from countries with TB incidences >30
cases per 100,000 to attenuate losses typically seen in post-arrival LTBI screening programs, resulted in a cost-
effective method of reducing the TB burden.

We determined in Chapter 2 the sensitivity of the TST and IGRA for detecting LTBI using active TB as a
proxy measure, resulting in an estimate of sensitivity for the TST of 78.18% and for the IGRA of 88.89%. We
further determined that migrants screened with an IGRA, as opposed to TST, were less likely to be test positive and
less likely to be treated for LTBI, however had no significant difference in longitudinal TB, suggesting that IGRA
screening would reduce the number of migrants treated for LTBI without worsening long-term outcomes, likely due
to more focused treatment on those with true LTBI as opposed to TST positivity confounded by BCG-vaccination.

We further explored diagnostic test performance in chapter 3, where we determined the prevalence of TST and
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IGRA positivity in migrants from low, moderate, high, and very high TB incidence countries. We found that
migrants tested with the TST had an overall higher prevalence of test positivity, with 19.9%, 38.5%, 32.7%, and
41.6% testing positive in low, moderate, high, and very high TB incidence countries, respectively. In comparison,
migrants from these same incidences had an IGRA-positivity prevalence of 2.9%, 15.9%, 20.3%, and 33.6%,
respectively.

Using the results from chapter 2 and 3, we determined that it was very cost-effective to target LTBI
screening to new migrants flagged for post-arrival medical surveillance due to CXR abnormalities or a history of
TB. This supports current practice. A move to post-arrival screening with an IGRA and subsequent treatment with
rifampin was dominant over the current strategy of TST screening and isoniazid treatment. Furthermore, even if the
current strategy was not to screen for LTBI in this population, the high prevalence of LTBI and increased risk of TB
yielded an ICER of $11,921 per QALY gained and $8829 per TB case prevented for IGRA screening and rifampin
treatment. In our analysis of universal post-arrival LTBI screening in new migrants to Canada we determined that
there was no screening option that was cost-effective, even if we limited this universal screening to migrants from
countries with the highest TB incidences. The best value option was screening migrants from countries with a TB
incidence >30 per 100,000 population with an IGRA and treating with rifampin for an ICER of $138,484 per QALY
gained.

We further analyzed LTBI screening pre-immigration as a flag for post-arrival follow-up and treatment.
This avoided ethical dilemmas associated with coercive pre-immigration LTBI treatment, while taking advantage of
already implemented routine pre-immigration medical exams. We assumed that gaps in the LTBI cascade of care
associated with screening and medical evaluations could be narrowed. LTBI screening in migrants from countries
with a TB incidence <30 cases per 100,000 population was not cost-effective. To contrast, performing LTBI
screening in migrants from moderate to very high incidence countries was very cost-effective and if performed using
IGRA screening pre-immigration and rifampin treatment post-arrival would reduce 25-year TB incidence by
approximately 40% in the screened population and had ICERs of $48,993, $49,035, and $33,696 per QALY gained
in migrants from moderate, high, and very high TB incidence countries, respectively.

Focusing on LTBI screening years after migration, we examined LTBI screening in migrants with CKD.
From a pool of several co-morbidities that affect TB reactivation this was selected due to the growing worldwide

prevalence of CKD and the syndemic risk with TB in especially high burden areas [139]. We found that screening
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could be cost-effective in subgroups of migrants with CKD. When analyzing migrants <60 years of age with late
stage CKD, we found that screening was only cost-effective in migrants from very high TB incidence countries with
an IGRA followed by isoniazid treatment with an ICER of $86,715 per QALY gained. If we applied screening in
those >60 years of age with late stage CKD, screening became cost-effective in migrants from moderate, high, and
very high TB incidence countries with costs per QALY gained of $47,554, $42,846, and $26,935, respectively.
Screening in migrants who had to initiate dialysis was much more cost-effective. Regardless of age, screening with
an IGRA and treating with isoniazid was dominant when compared to no screening in migrants from moderate to

very high incidence countries; no screening was cost-effective in migrants from low TB incidence countries.

7.2 Implications and Impact

This work has significant implications for TB policy and prevention worldwide. We have challenged the
current paradigm surrounding TB prevention in migrants. Current recommendations on migrant TB prevention have
focused on LTBI screening immediately post-immigration. The results presented in this thesis suggest this will be
cost-prohibitive. We have shown that mass LTBI screening is not cost-effective and even efforts to focus LTBI
screening to migrants from areas with the highest LTBI prevalence still fall well above commonly accepted WTP
thresholds. We demonstrated that currently implemented pre-immigration medical exams could be utilized to
perform LTBI screening cost-effectively in migrants from countries with a TB incidence >30 per 100,000
population. This thesis proposes a mind-shift from preventing TB post-landing to preventing TB pre-immigration
through widespread pre-landing LTBI screening in prospective new migrants to low TB incidence countries.

We have further demonstrated the TST is an ineffective tool to identify LTBI in migrant populations. While
IGRA usage may be increasing, TST use is still very common due to its practicality, characterization, and cost. Our
work throughout has shown that the TST has poorer sensitivity and specificity for active TB than the IGRA,
identifies more migrants for LTBI treatment than the IGRA, performs significantly poorer than the IGRA in
immunocompromised populations, and is associated with larger longitudinal costs to the healthcare system than the
IGRA, despite being a more inexpensive test than the IGRA. This thesis proposes a change in screening from the
TST-based LTBI screening to IGRA-based LTBI screening in all migrants based on the reduced long-term costs,

better long-term outcomes, and better diagnostic characteristics in migrant populations.
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Additionally, this thesis identifies rifampin as the preferred LTBI treatment option in migrants in the
absence of contraindications. We have shown that even using a conservative estimate of rifampin effectiveness
(80%) that is significantly lower than isoniazid effectiveness (93%), rifampin treatment is nearly always more cost-
effective than isoniazid treatment. Current treatment guidelines in Canada, the United States, and the United
Kingdom [3,346,368] recommend isoniazid as the primary choice for LTBI therapy due to the uncertainty around
rifampin effectiveness. However this thesis has shown even a significant reduction in the treatment effectiveness of
rifampin is not enough for isoniazid treatment to be more cost-effective than rifampin due to the well-established
reduced rates of treatment emergent adverse events and improved rates of treatment completion. Considering the
low rates of treatment recommendation, initiation, and completion in migrants when typically recommended
isoniazid treatment [53] and the significant long-term benefit of LTBI treatment in high prevalence migrant
populations, policy makers should consider rifampin a first-line drug choice for LTBI treatment moving forward.

This thesis has further highlighted the impact gaps in the LTBI cascade of care have on longitudinal TB
when applied to the scenario of post-arrival LTBI screening of migrants. In Canada, post-arrival medical
surveillance is passive and as few as 60% adhere within the 30-day specified follow-up window post-immigration.
This sizable gap is responsible for up to an additional 15% of TB cases in new migrants referred for surveillance.
Compared to treatment non-adherence (responsible for up to an additional 4% of TB cases), closing this gap should
be the top priority of healthcare systems employing a passive post-arrival surveillance system like Canada. At the
present, significant focus is placed on improving LTBI treatment adherence, however consideration of upstream
gaps may have much more impact on long-term outcomes.

Finally, this thesis has highlighted that LTBI screening and treatment is highly cost-effective in migrant
populations with an elevated prevalence of LTBI at increased risk of TB. While it has long been established that
LTBI screening in HIV populations is cost-effective, paucity of data in other populations at elevated risk of TB led
to great uncertainty about screening elsewhere. This thesis demonstrates that targeted screening at healthcare system
contact in the context of migrants from countries of elevated TB incidence with late stage CKD or requiring dialysis
is extremely cost-effective. LTBI screening is the norm in many jurisdictions at dialysis initiation, but this thesis has
two important implications about this practice. Firstly, LTBI screening in those with CKD or requiring dialysis is
not cost-effective in migrants from low TB incidence countries and thus not cost-effective in many locally born

populations in low incidence countries; use of resources for screening this population must be reconsidered.
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Secondly, LTBI screening was cost-effective in older populations with late stage CKD who are at one-third the risk
of TB compared to those requiring dialysis. This implies that LTBI screening in similar populations, such as those
on immune-suppressing medications or those with cancers of the head and neck [3], are likely to also be cost-
effective. This would suggest that currently practiced LTBI screening prior to therapy with TNF-a inhibitors is
likely to be of value to healthcare systems only when applied to populations with an increased prevalence of LTBI,

even though it has not been comprehensively evaluated.

7.3 Strengths and Limitations

This thesis is backed by several key strengths in its methodologies. Firstly, a comprehensive systematic
review and meta-analysis was completed to inform diagnostic test sensitivity and approximate LTBI prevalence in
the cost-effectiveness analyses performed in this thesis. We further refined LTBI prevalence estimates in Chapter 3
and 4 using country-of-origin-specific TB incidence data from Ontario, Canada. Utilizing the wealth of available
data surrounding LTBI diagnostics in migrants and utilizing these results to optimize LTBI prevalence estimates
strengthens how well the analyses reflect the real world. Secondly, we analyzed the internal validity of the model
structure for each cost-effectiveness model developed in Chapters 4, 5, and 6, through several stepwise experiments
to ensure model output matched the expected results. These included: assigning deterministic timing parameters to
ensure events occurred at the desired times, assigning specific costs/QALY's to individuals to ensure costs/QALY's
were accrued correctly, forcing all individuals to develop TB to ensure TB incidence was calculated correctly, and
forcing all individuals down specific patient pathways to ensure there was no error in coding. Each model was
further analyzed for external validity against the data source used to ensure that the parameters pulled from this
source yielded similar outcomes when run in our model. Thirdly, each cost-effectiveness analysis carefully
considered the impact the LTBI cascade of care would have on interventions analyzed. Previous cost-effectiveness
analyses performed in migrants had minimized the extent of attrition at each step or failed to consider attrition at all
and thus overestimated the benefits of LTBI interventions. Fourthly, this thesis used patient-level administrative data
to create a DES model for LTBI screening in migrants with late stage CKD or who were initiating dialysis. The use
of patient-level data allows increased flexibility and complexity in what is modeled, improved accuracy of
parameter estimates, and a better understanding of the uncertainty of model results. Furthermore, this makes the

results of this analysis directly applicable to the population targeted by the intervention and can allow policy makers
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of other jurisdictions to judge how generalizable the results are to their own target populations. Finally, this thesis
provides a comprehensive evaluation of LTBI screening at each step of the typical immigration process most
migrants traverse. Through this, policy makers can evaluate relative costs and population impact of interventions at
each step to determine what intervention to use, when to use it, and how it should be implemented.

While this thesis has several strengths, the results must be interpreted while considering its limitations. A
mentioned strength is our use of literature data and real world TB incidence data from Ontario, Canada to estimate
LTBI prevalence, however while this is the ‘gold-standard’ method, the results must be interpreted in the context of
imperfect diagnostic tests and limited follow-up time of large migrant cohorts. Key limitations of all model-based
evaluations are the simplifying assumptions required to ensure a model is easily understandable while being
complex enough to sufficiently answer the question of interest. In the economic evaluations presented in this thesis,
neither drug resistance nor active transmission to the greater population was considered. Drug resistance was not
considered due to the difficulty in estimating the prevalence of MDR-TB, the difficulty in estimating the impact
improperly treating isoniazid-resistant LTBI would have on long-term outcomes, and the costs associated with drug
resistance. Adding these nuances to models would be possible, but would increase model complexity significantly.
Nevertheless, even if this limitation were corrected, it would only strengthen the results, which largely support
rifampin treatment. Active transmission to the greater population was not considered due to the increased
complexity required to consider transmission dynamics. In already complicated models, this change would increase
model run times to impractical lengths. Instead, we made a simplifying assumption in chapters 4 and 5 of limited
transmission to the population modeled and in chapter 6 that no active transmission occurred. These assumptions are
unlikely to significantly impact results due to the limited reported transmission of TB from migrant populations to
locally born populations [4,428]. In addition to these limitations, a mean population reactivation rate was assumed in
the models presented in chapters 4 and 5 of this thesis. This assumption did not allow a nuanced evaluation of where
the risks of LTBI treatment outweigh the benefits. Even in individuals from elevated TB incidence countries, those
with a significantly lower risk of progression than the population average we assumed may not be cost-effective to
screen. A further limitation of this thesis is that LTBI diagnostic performance is based on surrogate measures, such
as active TB (for sensitivity) and low likelihood of TB exposure (for specificity). The immune state of individuals
with active TB is different than for those without active TB (and therefore those with LTBI), however it is

impossible to determine how much this impacts test results. Exploring uncertainty via PSA is an important step in
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evaluating deterministic results in context, however having a gold standard for LTBI diagnosis would be extremely
beneficial to LTBI economic analyses. The models presented in this thesis assume a healthcare system perspective
where the costs and impact to individual patients and others outside the healthcare system is not considered. This
was chosen due to the different TB programmes in place in Canada and worldwide, making some of the societal
costs and impacts considered (e.g. DOT, transportation costs) likely to be very program specific. Even so, as TB
impacts more than just the healthcare system and individual, a societal perspective is more representative of TB and
should be considered moving forward. Finally, long-term longitudinal studies of TB outcomes are scarce due to the
difficulty in ensuring adequate follow-up. As a result, extrapolation to five, ten, and twenty-five year time horizons
had to be made in the chapters containing economic analyses. These extrapolations could impact our results as TB
incidence is highest in the first few years post-exposure however there is evidence to suggest reactivation of LTBI in
migrants is consistent over time [244,366]. Nevertheless, as the full benefit of LTBI screening is unlikely to be

realized over short time horizons, these extrapolations were necessary.

7.4 Knowledge Translation and Implementation

In Canada it is current practice to follow-up with new migrants flagged for medical surveillance post-
arrival. However this passive system results in only 60% of migrants adhering within 30 days of arrival. This thesis
has shown that ensuring adherence to post-arrival follow-up can reduce TB incidence in this subgroup by over 10%.
This information can be applied to rationalize increased efforts to follow-up with new migrants and provide LTBI
screening and treatment where appropriate. This can be done through monetary incentives to follow-up, use of
culturally appropriate interventions, ensuring healthcare coverage upon arrival, or mandating post-arrival follow-up.
Gaps at all steps in the LTBI cascade of care mean that fewer than 20% of migrants complete an adequate course of
LTBI therapy. Our research in chapters 4 and 5 highlight the effect attrition in the cascade has and the benefits
closing specific gaps can have on longitudinal TB incidence. Failure to implement changes will impede TB
prevention efforts in Canada and lead to morbidity and mortality that can otherwise be avoided.

The current practice for new dialysis patients in BC is to screen with an IGRA prior to initiation in an effort
to identify LTBI and provide treatment. Our research in chapter 6 highlights the importance of this practice, but also
identifies individuals from low TB incidence countries are not a cost-effective group to screen. We also highlight the

value of LTBI screening in migrants from moderate to very high TB incidence countries >60 years of age who have
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late stage CKD not requiring dialysis. We have shown that the median time to TB is exceptionally short in both
migrants diagnosed with late stage CKD and initiating dialysis, suggesting that upstream screening is prudent to
perform. Implementing a screening program for those with late stage CKD is cost-effective, can reduce TB
incidence, and avert unnecessary TB-related morbidity and mortality. Prioritizing this screening to individuals with
late stage CKD who also have diabetes and are therefore at increased risk of eventually requiring dialysis may be an
important first step, requiring buy-in of patients and healthcare workers alike.

The End TB Strategy proposed by the WHO aims to reduce the TB burden globally by 90% to
approximately 100 cases per million persons per year worldwide [74]. In low TB incidence countries like Canada,
the goal is elimination, hoping to reach TB incidences of 10 cases per million by 2035 and 1 case per million by
2050 [70]. The research presented in this thesis provides strategies for low TB incidence countries to not only
significantly impact TB incidence domestically, but also help provide valuable infrastructure in lower income, TB
endemic regions. Providing routine IGRA screening during pre-immigration medical exams will require
infrastructure not currently present in many low-income, high incidence countries that represent significant
proportions of new migrants annually to migrant receiving countries. Support for this infrastructure by high-income
countries can have bilateral benefit, providing access and training to healthcare professionals in these countries,
which may aid in TB prevention and elimination efforts locally. Previous introduction of mandatory pre-
immigration CXR to detect TB has had a significant impact on TB infrastructure in these regions [365]. This
provides a framework for the impact and a blueprint for the planning, implementation, and execution of routine
LTBI screening in these settings. To achieve the goals of the End TB Strategy, investment from high-income
countries in TB infrastructure in low-income, TB endemic settings is necessary. Implementation of routine pre-

immigration LTBI screening is a mutually beneficial option for many migrant-receiving countries.

7.5 Future Directions

This research provides a solid foundation for making decisions regarding migrant LTBI screening, yet
much can still be done to better understand LTBI diagnostics and how best to direct healthcare dollars allocated to
TB prevention. LTBI diagnostic test sensitivity and specificity are currently determined using proxy measures, of
which a proxy of active TB for test sensitivity was used in chapter 2. Further research should focus on identifying

new diagnostics that can more appropriately identify TB infection. Promising research has been performed already
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with the advent of the new diagnostic test C-Th. C-Tb combines the specificity of IGRAs with the convenience and
practicality of a TST, using ESAT-6 and CFP10 antigens [429,430]. Clinical trials have shown it to be acceptable,
well tolerated, have a high specificity, and a positive response associated with increased risk of TB [429-431]. Test
sensitivity still requires careful investigation as concordance with IGRA and TST varied significantly between phase
Il and phase Il trials, suggesting that it may not be as sensitive as either of these tests for LTBI [429-431].
Nevertheless, it may be a useful test where IGRA is not practical. In addition, research suggests that certain
biomarkers may become elevated in individuals with LTBI; the expression of these biomarkers may indicate
individuals at risk of progression [432,433]. New diagnostic tests that can identify these biomarkers may potentially
prove much more valuable than the currently available TST and IGRA, which lack an ability to predict who will
progress to active disease and when.

Building upon our work completed in chapter 3, an updated meta-analysis of predictors of IGRA positivity
and long-term TB outcomes in migrants would prove valuable to identify further subgroups to target for LTBI
screening. At the time of writing, there was a dearth of longitudinal outcomes in migrants tested with an IGRA due
to its relatively recent arrival as an LTBI screening platform compared with the century old TST. Furthermore, an
update on current rates of test positivity for both TST and IGRA can elicit more accurate estimates of LTBI
prevalence in migrants from various TB incidences. Complicating this update, however, may be the rapid creation of
new generation IGRAs that have different diagnostic performances than previous generations. In this thesis, we
pooled the diagnostic results of all IGRA platforms to ensure that there was enough data to determine an estimate; in
the future, there may be a wealth of data on a specific generation of IGRA that will allow a more robust estimate of
test performance.

This thesis has provided solid evidence for LTBI screening decisions both pre- and immediately post-
immigration, however further research is necessary due to two issues. We have shown that in the nearly 98% of
prospective migrants not screened post-arrival, TB incidence in country of origin is not sufficient to make LTBI
screening cost-effective. In addition, while we have shown that pre-immigration LTBI screening is very cost-
effective in moderate to very high TB incidence countries, if fully funded by the healthcare system it may not be
feasible due to the additional costs associated with screening hundreds of thousands of prospective migrants. Further
to this point, blanket screening recommendations based on population averages, while benefiting the population as a

whole, may unnecessarily expose certain individuals to LTBI treatment when individual risks outweigh the benefits.
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These issues require research into identifying demographic and medical risk factors associated with TB and their
magnitude of effect on TB risk. In the case of post-immigration LTBI screening, this will maximize the immediate
impact of screening and focusing this intervention in high-risk groups may be cost-effective. In the case of pre-
immigration screening, this will reduce the impact pre-immigration LTBI screening has, but may make the number
of prospective migrants screened more feasible from a cost perspective and will likely focus screening to those at
highest risk of TB, improving the benefit-to-risk tradeoff made when prescribing LTBI treatment. There is evidence
to suggest that socioeconomic status and immigration class are risk factors for TB [96,434] and may be two areas
worth exploring in more detail to help make post-immigration LTBI screening cost-effective and pre-immigration
LTBI screening equitable and feasible.

Finally, we have demonstrated that in migrants from moderate to very high TB incidence countries, it is
cost-effective to screen for LTBI at the time of dialysis initiation and in migrants >60 years of age at the time of late
stage CKD diagnosis. While this research is the first to analyze this question in the context of migrants, it also
requires further follow-up research in regards to other medical co-morbidities that increase risk of TB. One of the
largest screening conundrums surrounds diabetes. There are currently no routine LTBI screening programs for
individuals diagnosed with diabetes and the WHO does not support mass screening in this population [164].
However, given that it is a significant risk factor for other co-morbidities, such as CKD, there may be benefit in
determining if there are subgroups with diabetes in which screening is cost-effective. Furthermore, the results of our
analysis suggest that it may be cost-effective to screen populations with a similar TB risk profile to those with late
stage CKD, which includes those on immune-suppressing medications and those with cancers of the head or neck.
While several co-morbidities may be cost-effective to screen, however, it will be necessary to perform a
comprehensive analysis to determine where and how LTBI screening should be prioritized. An important next step
is to complete an economic evaluation of LTBI screening upon diagnosis of several different co-morbidities.
Efficiency frontiers can be created to determine the population costs and benefits of LTBI screening for the selected

co-morbidities, allowing for healthcare resource prioritization in the future.

7.6 Final Conclusions

This thesis assessed the performance of LTBI diagnostic tests in migrants from countries of various TB

incidences and applied these findings to determine the cost-effectiveness of migrant LTBI screening at different
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steps in the migration process. IGRA screening was shown to be more specific than the TST for detecting LTBI and
resulted in fewer individuals being prescribed LTBI treatment with no increase in longitudinal TB incidence,
suggesting the increased cost of IGRA screening in the short term may reap significant long term benefits.
Moreover, due to the higher specificity, the IGRA had a lower positive test prevalence than the TST at each of the
TB incidences evaluated, resulting in fewer individuals being considered for LTBI treatment and therefore not at
risk for treatment-emergent adverse events.

LTBI screening could be made cost-effective if targeted to migrants with an increased risk of TB or by
improving the number of migrants who eventually complete LTBI treatment. In Canada, applying post-arrival IGRA
screening to migrants with abnormal CXR or previous TB and offering rifampin treatment to those testing positive
was very cost-effective. However, universal screening was not cost-effective, even if targeted to migrants from the
highest TB incidence countries largely due to inadequacies seen in domestic LTBI programs due to losses in the
cascade of care. Applying IGRA screening pre-immigration in order to reduce losses typically seen in these
domestic LTBI programs, however, proved to be very cost-effective when applied to migrants from countries with a
TB incidence >30 cases per 100,000 population.

Performing LTBI screening in migrants from countries with a TB incidence >30 cases per 100,000
population who have been diagnosed with renal co-morbidity that significantly increases their risk of TB was cost-
effective. IGRA screening and isoniazid treatment in migrants >60 years of age at time of late stage CKD diagnosis
or screening and treatment of migrants of any age at time of dialysis initiation was highly cost-effective in those
form these TB incidences. LTBI screening with an IGRA was only cost-effective in migrants <60 years of age at
time of late stage CKD diagnosis if they were from countries with a TB incidence >200 cases per 100,000
population.

Finally, building upon the conclusions of this thesis, future research should be geared to determining cost-
effectiveness of LTBI screening in elevated LTBI prevalence populations diagnosed with a co-morbidity increasing
risk of TB. Completing these analyses will allow a comprehensive efficiency frontier to be created, which can be
used to help inform feasible allocation of healthcare dollars to the populations that may benefit the most from LTBI

screening.
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