Supplementary Materials

Table S1: Parameters
Parameters used in our model.

Table S2: Key calibration targets and calibration values achieved
Calibration targets used in our model.

Figure S1: Total population size
This figure shows the total population size over the simulated period. Bars indicate target
calibration range.

Figure S2: Sensitivity analysis of TB incidence to TB transmission rate
This figure shows sensitivity of active TB disease incidence to the rate at which TB infection is
transmitted.

Figure S3: Sensitivity analysis of TB incidence to recovery rate on IPT
This figure shows sensitivity of TB incidence to the rate at which individuals with latent TB
placed on IPT are cured of TB infection and return to the susceptible state.

Figure S4: Sensitivity analysis of TB incidence to TB activation rate in HIV-positive
individuals

This figure shows sensitivity of TB incidence to the rate at which HIV-positive individuals with
latent TB progress to active TB disease.

Figure S5: Sensitivity analysis to the rate at which individuals who have recovered from TB
cease IPT treatment

This figure shows sensitivity of TB incidence to the rate at which individuals on IPT who have
been cured of latent TB infection and returned to susceptible status stop IPT treatment.

Figure S6: Effects of IPT on TB disease indicators

Plots of the effects of IPT on TB and HIV indicators. Bars indicate calibration target ranges.
The baseline IPT case is shown in green, 50% IPT coverage in the blue intervention line, and
90% IPT coverage in the purple intervention line.

Figure S7: Sensitivity analysis to the rate of HIV infection
This figure shows sensitivity of TB incidence to the rate of HIV infection.

Figure S8: Sensitivity analysis to birthrate
This figure shows sensitivity analysis to the total birth rate.

Figure S9: Effects to expanding IPT to adults

This figure describes the effects of expanding IPT coverage to the broader adult population. Bars
indicate calibration target ranges. The baseline IPT case is shown in green, 50% IPT coverage in
blue, and 90% IPT coverage in purple.



Figure S10: Effects of general adolescent IPT on TB incidence in HIV-positive population
This figure shows the impact of adolescent IPT on TB incidence in the HIV-positive population.

Figure S11: Effects of general adolescent IPT on TB incidence in HIV-positive adult
population

This figure shows the impact of adolescent IPT on TB incidence in the adult HIV-positive
population.

Figure S12: Conditions under which TB incidence could increase as a result of expanded IPT
This figure shows a parameter set in which it could be possible for IPT to increase TB incidence.

Table S3: Summary of one-way sensitivities of TB incidence in 2032
These tables summarize the numerical values of TB incidence in year 2032 of the model under
key sensitivity analyses.

Figure S13: Impact of IPT access by demographic group
This figure compares the impact on general population TB incidence of IPT access in A)
adolescents only, B) adults only, C) both adolescents and adults.

Figure S14: Multiple-way sensitivity analyses
This figure shows multi-way sensitivity analyses between key variables.

Figure S15: Effects of IPT in adolescents on various demographic groups
This figure shows the impact of IPT access in adolescents on TB incidence in A) adolescents,
and B) adults

Equations
The equations of the model are included here.



Table S1: Parameters

TB Parameters'

Calibrated

Parameter Description Value Source

Transmission Rate Rate of TB transmission 0.0000004 | Sensitivity Analysis
Rate at which HIV- individuals
infected with TB remain

Latency Rate Upon latently, rather than actively,

Infection in HIV- infected 0.9 | Abu-Raddad et al. 2009'*
Rate at which HIV+ individuals
infected with TB remain

Latency Rate Upon latently, rather than actively,

Infection in HIV+ infected 0.5 | Lawn et al. 2009
Rate at which HIV+ individuals

Latency Rate Upon on ART infected with TB

Infection in HIV+on | remain latently, rather than

ART actively, infected 0.9 | Abu-Raddad et al. 2009'*

TB Activation Rate in | Rate at which HIV- individuals

HIV- experience latent TB activation 0.005 | Horsburgh et al. 2004’

TB Activation Rate in | Rate at which HIV+ individuals

HIV+ experience latent TB activation 0.09 | Sensitivity Analysis
Rate at which HIV+ individuals

TB Activation Rate in | on ART experience latent TB

ART activation 0.005 | Horsburgh et al. 2004’
Rate at which TB is treated with

TB Treatment Rate combination therapy 0.9 | WHO 2013*
Rate at which individuals with WHO 20134, Bacaer et al.

Recovery Rate for TB recover when treated with 2008°*

Combination Therapy | combination therapy 0.9

Return to Latency Rate at which individuals

After Combination receiving combination therapy

Therapy for active TB return to latency 0.08 | Suen et al. 2014°*
Rate at which individuals

Recovery Rate for IPT | recover on IPT 0.47 | Zelner et al. 2014’
Rate at which HIV- individuals

TB Activation Rate on | latently infected with TB

IPT for HIV- experience TB activation 0.0001 | Houben et al. 2014*

! With regard to the units of the TB and HIV parameters, each of these parameters is reported as
the fraction of the population within a given compartment flowing out of that compartment into
another specified by the model diagram per unit time

*Parameter taken as either an input or an output from a modeling publication




TB Activation Rate on
IPT for HIV+

Rate at which HIV+ individuals
latently infected with TB
experience TB activation

0.0001

Houben et al. 2014%*,
Selwyn et al. 1992°, Lin et
al. 2010

Non-Cure on

Rate at which individuals who
have received combination

Combination Therapy | therapy are not cured 0.02 | Suen et al. 2014°*
Rate at which individuals with
active TB experience
spontaneous resolution to latent

Natural Cure Rate TB 0.1 | Tiemersma et al. 2011"
Rate at which HIV- individuals
who are actively infected with

Incorrect Diagnosis TB are incorrectly diagnosed as

Rate in HIV- latently infected 0.00001 | Bochme et al. 2011
Rate at which HIV+ individuals
not on ART who are actively

Incorrect Diagnosis infected with TB are incorrectly

Rate in HIV+ diagnosed as latently infected 0.0001 | Boehme et al. 2011"
Rate at which HIV+ individuals
on ART who are actively

Incorrect Diagnosis infected with TB are incorrectly

Rate in HIV+ on ART | diagnosed as latently infected 0.00001 | Bochme et al. 2011
Rate at which individuals who

Correct Move from had incorrectly been placed on

IPT to Combination combination therapy are

Therapy redirected to IPT 0.9 | Boehme et al. 2011"
Factor to adjust for the

Re-infection possibility of re-infection with

adjustment TB following treatment and cure 0.21 | Andrews et al. 2012"°*
Rate at which individuals
latently infected with TB are

IPT Access Rate placed on IPT 0.05/0.5/0.9 | Sensitivity Analysis
Rate at which individuals on

Default rate on IPT IPT default 0 | Sensitivity Analysis
Rate at which individuals on

Rate of ceasing IPT IPT stop treatment 0 | Sensitivity Analysis




HIV Parameters’

Parameter Description Value Source
HIV Infection in Rate at which adolescents are
Adolescents infected with HIV 0.0000000039 | Auvert et al. 2005
HIV Infection in Rate at which adults are
Adults infected with HIV 0.0000000039 | Calibration
Rate at which individuals
infected with HIV progress to
Progression of CD4 | ART eligibility (experience
Count CD4 count decline) 0.13 | Mellors et al. 1997"
Rate at which eligible HIV+
individuals are placed on 0.02/ 0.1
Access to ART ART Calibration
Rate at which HIV+
individuals on ART
Recovery of CD4 experience CD4 count
Count on ART recovery 0.01 | Calibration

Demographic Parameters®

Parameter Description Value
Mortality rate among children not infected with TB or

Child Natural Mortality HIV 0.001
Mortality rate among adolescents not infected with TB

Adolescent Natural Mortality | or HIV 0.009

Mortality rate among adults not infected with TB or

Adult Natural Mortality HIV 0.02
HIV+ Pre-ART Adolescent Mortality rate among adolescents who are HIV+ and

Mortality not yet eligible for ART 0.02
HIV+ Pre-ART Adult Mortality rate among adults who are HIV+ and not yet

Mortality eligible for ART 0.03
HIV+ ART-Eligible Mortality rate among adolescents who are HIV+ and

Adolescent Mortality eligible for ART 0.05
HIV+ ART-Eligible Adult Mortality rate among adults who are HIV+ and

Mortality eligible for ART 0.05
HIV+ on ART Low CD4 Mortality rate among adolescents who are HIV+ and

Count Adolescent Mortality on ART with low CD4 count 0.09

* With regard to the units of the TB and HIV parameters, each parameter is reported as the

fraction of the population within a given compartment flowing out of that compartment into
another specified by the model diagram per unit time
3 All demographic parameters were generated via calibration to the population structure




HIV+ on ART Low CD4 Mortality rate among adults who are HIV+ and on

Count Adult Mortality ART with low CD4 count 0.02

HIV+ on ART High CD4 Mortality rate among adolescents who are HIV+ and

Count Adolescent Mortality on ART with high CD4 count 0.09

HIV+ on ART High CD4 Mortality rate among adults who are HIV+ and on

Count Adult Mortality ART with high CD4 count 0.02
Mortality rate among adolescents who are infected

TB Adolescent Mortality with TB, and are HIV- 0.058
Mortality rate among adults who are infected with TB,

TB Adult Mortality and are HIV- 0.068

TB & HIV+ Pre-ART Mortality rate among adolescents who are infected

Adolescent Mortality with TB, and are HIV+, not yet eligible for ART 0.12

TB & HIV+ Pre-ART Adult Mortality rate among adults who are infected with TB,

Mortality and are HIV+, not yet eligible for ART 0.23

TB & HIV+ ART-Eligible Mortality rate among adolescents who are infected

Adolescent Mortality with TB, and are HIV+, and eligible for ART 0.17

TB & HIV+ ART-Eligible Mortality rate among adults who are infected with TB,

Adult Mortality and are HIV+, and eligible for ART 0.3

TB & HIV+ Low CD4 Count | Mortality rate among adolescents who are infected

Adolescent Mortality with TB, and are HIV+, on ART with low CD4 count 0.07

TB & HIV+ Low CD4 Count | Mortality rate among adults who are infected with TB,

Adult Mortality and are HIV+, on ART with low CD4 count 0.1

TB & HIV+ High CD4 Count | Mortality rate among adolescents who are infected

Adolescent Mortality with TB, and are HIV+, on ART with high CD4 count 0.062

TB & HIV+ High CD4 Count | Mortality rate among adults who are infected with TB,

Adult Mortality and are HIV+, on ART with high CD4 count 0.072

Births Birth rate 0.03

Aging Rate from Children to

Adolescents Rate at which children age into the adolescent group 0.0769

Aging Rate from Adolescents

to Adults Rate at which adolescents age into the adult group 0.2

*Parameter is reported as an input or output from a modeling publication
Note: All parameters subject to adjustment for calibration




Table S2: Key calibration targets and calibration values achieved

Calibration Value

Calibration Indicator Target Value | Achieved Source
Incidence 1117 | 1113.13 Global TB Report
Mortality 220 | 268.33 Global TB Report
South African National
HIV Incidence, Prevalence
HIV Prevalence in Adult Population 15 | 14.99 and Behavior Survey
South African National
HIV Incidence, Prevalence
ART Coverage among HIV+ 313091 and Behavior Survey
HIV-Positivity in TB Deaths 74 | 40.82 Global TB Report




Table S3: Summary of one-way sensitivities of TB incidence in 2032

Sensitivity Transmission

Analysis of | rare 0.0000001 | 0.0000002 | 0.0000003 | 0.0000005 | 0.0000006
TB Incidence

toTB

Transmission | IB Incidence

Rate 1221 956 820 847 894
Sensitivity Transmission

Analysis of rate 0.0000007 | 0.0000008 | 0.0000009 | 0.000001 | 0.0000015
TB Incidence

toTB .

Transmission TB Incidence

Rate 948 1008 1074 1148 1640
Sensitivity

Analysis | Recovery

of TB rate

Incidence 0.1 0.3 0.6 0.9

to

Recovery | TB

Rate on Incidence

IPT 1036.1274 | 838.5098 | 807.5356 | 799.5961

Sensm‘.flty TB

Analysis of Activati

TB cttv.atton

Incidence ng/m

to TB o

Activation p osftl.v ¢

Ratein | Mviduals |4 005 0.05 0.2 0.5 0.9

HIV- TB

positive Incidence

individuals 726.4634 | 793.7456 | 822.9659 | 812.6559 | 808.0295
Sensiti.vity Rate of

analysis to ceasing

the rate at IPT

which 0.05 0.1 0.15

individuals

who have

recovered | 7B

from TB Incidence

cease IPT

treatment 1191.5818 | 1462.8285 | 1679.0699




Sensitivity | HIV

analysis to | Infection

the rate of | rate 1E-10 | 1E-9 | 2E-9 | 3E-9 | 4E-9 | 5E-9 | 5.5E-09
HIV B

infection Incidence 707 | 699 | 694 | 724 | 829 | 1002 1090
Sensitivity | Birth rate 0.001 0.01 0.02 0.04

?:alysm TB

birthrate | 17¢idence | 507 5085 | 3382676 | 509.442 | 1559.0206

Effects to

Expanding | 7B

IPT to Incidence

adults 815.0284




Figure S1: Total population size
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Figure S2: Sensitivity analysis of TB incidence to TB transmission rate
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Figure S3: Sensitivity analysis of TB incidence to recovery rate on IPT
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Figure S4: Sensitivity analysis of TB incidence to TB activation rate in HIV-positive
individuals
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Figure S5: Sensitivity analysis of the rate at individuals who have recovered from TB cease
IPT treatment
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Figure S6: Effects of IPT on TB disease indicators
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Figure S7: Sensitivity analysis to the rate of HIV infection
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Figure S8: Sensitivity analysis to birthrate
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Figure S9: Effects of expanding IPT to adults
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Figure S10

: Effects of general adolescent IPT on TB incidence in HIV-positive population
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Figure S11: Effects of general adolescent IPT on TB incidence in HIV-positive adult
population

1500 2000

Incidence (per 100,000)
1000

500

2007 2010 2013 2016 2019 2022 2025 2028 2031

Year

55



Figure S12: Conditions under which TB incidence could increase as a result of expanded IPT

Incidence (per 100,000)
800 1000 1200 1400
|

600
l

2007 2010 2013 2016 2019 2022 2025 2028 2031

Year

56



Figure S13: Impact of IPT access by demographic group
This figure compares the impact on general population TB incidence of IPT access in A)
adolescents only, B) adults only, C) both adolescents and adults
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B) Population level TB incidence in response to IPT access in adults only
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C) Population level TB incidence in response to IPT access in both adolescents and adults

1500 2000

Incidence (per 100,000)
1000

500

2007 2010 2013 2016 2019 2022 2025 2028 2031

Year

59



Figure S14: Multiple-way sensitivity analyses
This figure shows two multi-way sensitivity analyses between key variables, A) TB activation in
HIV-positive individuals versus rate of stopping IPT, and B) TB transmission rate versus
stopping IPT
A) TB activation in HIV-positive individuals versus rate of stopping IPT
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B) TB transmission rate versus stopping [PT
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Figure S15: Effects of IPT in adolescents on various demographic groups
This figure shows the impact of IPT access in adolescents on TB incidence in A) adolescents,
and B) adults
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B) Impact of IPT access in adolescents on TB incidence in adults
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-€ *I1pTAdoHIVH — HTBAdo * LIPTAdOHIVR
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dliprAdoPreART = IipTAdoHIVE ™ PHIVInfAdo ™ ((SAdoPreART + SAdoARTelig T LnottreatedadoPreART

g
LnottreatedAdoARTelig + LIPTAdoPreART + LIPTAdoARTelig + IInottreatedAdoPreART + InottreatedAdoARTelig +
IctadopreART + IcTAdoARTelig T SAdiPreART T SadiARTelig T LnottreatedAdiPreART T LnottreatedAdiARTelig T
LipradipreART t LipTAdIARTelig T InottreatedAdiPreART T+ InottreatedAdiARTelig T IcTAdPreART T IcTAdIARTelig T
IenadoPreART + IFNAdoARTelig T IiPTAdoPreART T+ IiPTAd0ARTelig T IFNAdIPreART + IFNAdIARTelig T TIPTAdIPreART
+ LiptadiarTelig T RadopreART T RadoarTelig)) — Curv*lipTadoprearT + IFNAdoPreART*EAdo T
((Mrvp*LipTAdopreaRT)) = O*LipTAdoPreART - € * LiPTAdoPreART — UTBPreARTAd0 ¥ LIPTAdOPreART

dlipradoarTetic = Cuiv*lipTadoPreaRT — NHIV*IPTAdoARTelig T IFNAdoARTelig*EAdo T
((Mrvp*LipTAdoARTelig)) = O*LipTAdoARTelic —€*liPTAd0ARTelig — HTBARTeligAdo *lIPTAdoAR Telig

dlipTAdoOnARTCD4Iow = NHIV *IiPTAdoARTelig — OHIV* IIPTAdoORARTCD4Iow T IFNAdoORARTCD4Iow *EAdo T
((M1vp *LipTAdoOnARTCDA4Iow)) = O*L1pTAdoORARTCDA4Iow ~€*I1PTAd0ORARTCDA4IOW —
uTBARTlowAdo*IIPTAdOOnARTCD410W

dlipTAdoOnARTCD4high = OHIV*IIPTAd0ORARTCDAIow + IFNAdoORARTCD4high*EAdo T
((Mt1vp *LipTAdoOnARTCDA4high)) = O*[1PTAdoORARTCDA4high ~€*LIPTAdOORARTCD4high —
I TBARThighAdo ™ LIPTAdoORARTCD4high

Adults

dSadimve = €*Sadoniva —Saditve® Brrvintad™((SadopreART + SadoarTelig T LiottreatedAdoPreART T
LnottreatedAdoARTelig + LIPTAdoPreART + LIPTAdoARTelig + IInottreatedAdoPreART + InottreatedAdoARTelig +
IctAadoPreART + IcTAdoARTelig T SAdiPreART T SadiARTelig T LnottreatedAdiPreART T LnottreatedAdiARTelig T
LipradipreART + LipTAdIARTelig T InottreatedAdiPreART T+ InottreatedAdiARTelig T IcTAdPreART T IcTAdIARTelig T
IenadoPreART + IFNAdoARTelig T IiPTAdoPreART T IiPTAd0ARTelig T IFNAdIPreART + IFNAdIARTelig T TIPTAdIPreART
+ LipradiaRTelig T RadoprearRT T+ RadoARTelig)) —

BTBadl * SAleIVn * ((InottreatedAdoHIVn+InottreatedAdoPreART+In0ttreatedAd0ARTe1ig+In0ttreatedAdoOnARTCD410W+In0ttreat
edAdoOnARTCD4high+InottreatedAleIVn+InottreatedAlereART+In0ttreatedAdlARTelig+InottreatedAlenARTCD410W+InOttreated
AdIOnARTCD4high T IFNAdoHIVR T IFNAdoPreART T IFNAdoARTelig T IFNAdoOnARTCD4Iow t IFNAdOONARTCDARIgh T
Iiptadotva + IipTAdoPreART T I1PTAd0ARTelig T I1PTAd0ORARTCD410w T IIPTAd0ORARTCD4high T IFNAdIHIVA T
IrNAdipreART T IENAdIARTelig T IFNAdIOnARTCD4low T IFNAdIOnARTCD4high T TipTAdIHIVA + TiPTAdIPreART T

ehg . ow n. 1g n n—
LiptadiaRTelig T LiPTAdIONARTCD4Iow T IiPTAdIONARTCDARIgh)) T YeT leTAdiHIVA T KiPT*RAdIHIV
Mnat*SAdiHIVR
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dSadipreaRT = €*SadopreART TS AdiHIVY* PrIVInfad ™ ((SAdopreART + SAdoARTelig T LiottreatedAdoPreART +
LnottreatedAdoARTelig + LIPTAdoPreART + LIPTAdoARTelig + IInottreatedAdoPreART + InottreatedAdoARTelig +
IctadoPreART + IcTAdoARTelig T SAdiPreART T SadiARTelig T LnottreatedAdiPreART T LnottreatedAdiARTelig T
LipradipreART t LipTAdIARTelig T InottreatedAdiPreART T+ InottreatedAdiARTelig T IcTAdPreART T IcTAdIARTelig T
IenadoPreART + IFNAdoARTelig T IiPTAdoPreART T+ IiPTAd0ARTelig T IFNAdIPreART + IFNAdIARTelig T TIPTAdIPreART
+ LiptadiarTelig T RadoprearRT T RadoarTelig)) -progHIV*SadiprearT-

BTBAdl* SAdIPreART* ((InottreatedAdoHIVn+InottreatedAdoPreART+InottreatedAd0ARTelig+In0ttreatedAdoOnARTCD4low+Inott
reatedAdoOnARTCD4high+InottreatedAleIVn+InottreatedAlereART+In0ttreatedAdlARTelig+InottreatedAlenARTCD410W+InOttre
atedAdIOnARTCD4high T IFNAdoHIVn + IFNAdoPreART T IENAdoARTelig T IFNAdoORARTCDAIOW T
IFNAdoOnARTCD4high T IiPTAdoHIVA + I1PTAdOPreART T+ IiPTAd0ARTElig T IIPTAdOORARTCDAIOW T
I1PTAdoOnARTCD4high T IFNAdIHIVA T IFNAdIPreART T IENAdIARTelig T IENAdIOnARTCD410w T IFNAdIONARTCDA4high
+ IrpradiHtve + IipTadiPreART T IiPTAdIARTelig T IIPTAdIONARTCDA10w T IIPTAdIONARTCDA4high)) +
Yer*IetadiprearRT T KIPT*RAdIPreART — HPreARTAI* SAdIPreART

dSadiarTelig = €*SadoarTelig T Crrv*SadipreaART —NHIVFSAdIARTelig —

BTBadl * SAdlARTelig>l< ((InottreatedAdoHIVn+In0ttreatedAdOPreART+In0ttreatedAd0ARTeli g+InottreatedAdoOnARTCD4low+In0ttr
eatedAdoOnARTCD4high+In0ttreatedAleIVn+In0ttreatedAlereART+In0ttreatedAdlARTelig+In0ttreatedAlenARTCD410W+In0ttrea
tedAdIOnARTCD4high T IFNAdoHIVR + IFNAdoPreART T IENAdoARTelig T IFNAdoOnARTCDAIow T IFNAdOORARTCDAhigh
+ Iipradottva + IipTAdoPreART + IiPTAdoARTelig T I1PTAdoORARTCD410w T IIPTAd0ORARTCD4high T IFNAdIHIVA T
IrNAdipreART T IENAdIARTelig T IFNAdIOnARTCD4low T IFNAdIOnARTCD4high T TipTAdIHIVA + TiPTAdIPreART T
LiptadiarTelig T LiPTAdIONARTCD4Iow T IiPTAdIONARTCDARIgh)) TYeT*IcTAdIARTElg T KIPT*RAdIARTClig —
MARTeligAd ™S AdIAR Telig

dSAdionARTCD41ow = €*S AdoOnARTCD4low TNHIV* SAdiARTelig — OHIV*S AdIOnARTCDAIow —
BTBadl * SAlenARTCD410W* ((InottreatedAdoHIVn+InottreatedAdoPreART+InottreatedAdoARTelig+In0ttreatedAdoOnARTCD410w
+In0ttreatedAdoOnARTCD4high+InottreatedAleIVn+In0ttreatedAlereART+In0ttreatedAdlARTelig+InottreatedAlenARTCD410W+
LnottreatedAdionARTCD4high + IFNAdoHIVE T IFNAdoPreART T IFNAdoARTelig T IFNAdoORARTCD4l0w T
IFNAdoOnARTCD4high T I1PTAdoHIVA + I1PTAdOPreART T+ IiPTAd0ARTElig T TIPTAdOORARTCDAIOW T
I1PTAdoOnARTCD4high T IFNAdiHIVA T IFNAdIPreART T IENAdIARTelig T IENAdIOnARTCD410w T IFNAdIONARTCDA4high
+ IipradiHtve + IipTadiPreART T IiPTAdIARTelig T IIPTAdIONARTCDA10w T IIPTAdIONARTCDA4high))
+Y cr*leradionarRTCD4low TKIPT*RAdIOnARTCD4Iow — HARTIowAdI™ S AdIOnARTCDAIow

dSAdionARTCD4high = €*S AdoOnARTCD4highTOHIV*S AdiOnARTCD4IoW-
BTBadl * SAlenARTCD4hi gh>l< ((InottreatedAdoHIVn+In0ttreatedAdOPreART+In0ttreatedAd0ARTeli g+InottreatedAdoOnARTCD4lo
W+In0ttreatedAdoOnARTCD4hi gh+In0ttreatedAleIVn+In0ttreatedAlereART+InottreatedAdlARTelig+InottreatedAlenARTCD410W
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FHhottreatedAdOnARTCD4high T IFNAdoHIVA + IFNAdoPreART T IFNAdoARTelig T IFNAdoORARTCDAI0w T
IFNAdoOnARTCD4high T I1PTAdoHIVA + I1PTAdOPreART T+ IiPTAd0ARTElig T IIPTAdOORARTCDAIOW T
I1PTAdoOnARTCD4high T IFNAdIHIVE T IFNAdIPreART T IENAdIARTelig T IENAdIOnARTCD410w T IFNAdIONARTCDA4high
+ IipradiHtve + IipTadiPreART T IiPTAdIARTelig T IIPTAdIONARTCDA10w T IIPTAdIONARTCD4high)) +
Yer*IetadionARTCD4igh T KIPT*RAdIOnARTCD4high — HARThighAd ™ S AdIOnARTCD4high

dR adirve = -Radiamve*Barvintadi* ((SadopreART T SAdoARTelig T LnottreatedAdoPreART + LinottreatedadoARTelig T
LiptAadoPreART T LipTAdoARTelig T InottreatedadoPreART T InottreatedadoARTelig T IcTAdoPreART + IcTAdOARTelig T
SAdiPreART + SadiarTelig T LnottreatedAdiPreART T LiottreatedAdiARTelig T LipTAdiPreART T LipTAdIARTElig T
LnottreatedAdiPreART T InottreatedadiARTelig T IcTAdIPreART T IcTAdIARTelig T IFNAdoPreART T IFNAdoARTelig T
IiprAdoPreART T IipTAdoARTelig T IFNAdIPreART T IFNAdIARTelig T IiPTAdIPreART T TiPTAdIARTClig T RAdoPreART
+ RadoARTelig)) —

BTBadl >k1{AleIV11>x< ((InottreatedAdoHIVn+In0ttreatedAdoPreART+InottreatedAdoARTelig+In0ttreatedAd00nARTCD410W+Inottrea
tedAdOOnARTCD4high+In0ttreatedAleIVn+In0ttreatedAlereART+InottreatedAdlARTelig+In0ttreatedAlenARTCD410W+In0ttreate
dAdIOnARTCD4high T IFNAdoHIVE T IFNAdoPreART T IFNAdoARTelig T IFNAdoORARTCD4low T IFNAdoORARTCD4high
+ Iipradottva + IipTAdoPreART + IiPTAdoARTelig T I1PTAdoORARTCD410w T IIPTAd0ORARTCD4high T IFNAdIHIVA T
IrNAdipreART T IENAdIARTelig T IFNAdIOnARTCD4low T IFNAdIOnARTCD4high T TipTAdIHIVA + TiPTAdIPreART T
LiptadiarTelig T IipTAdIONARTCD4Iow T LiPTAdIONARTCDARIgh)) T YiPT*LipTAdIHIVE — KiIPT*RAdIHIVN +
€*RAdoHIVn — Mnat*RAdiHIVA

dRAlereART = RAleIVn*BHIVinfadl*((SAdoPreART + SAdoARTelig + LnottreatedAdoPreART + LnottreatedAdoARTelig +
LiptAadoPreART T LipTAdoARTelig T InottreatedadoPreART T InottreatedadoARTelig T IcTAdoPreART + IcTAdOARTelig T
SAdiPreART + SadiarTelig T LnottreatedAdiPreART T LiottreatedAdiARTelig T LipTAdiPreART T LipTAdIARTElig T
LnottreatedAdiPreART T InottreatedadiARTelig T IcTAdIPreART T IcTAdIARTelig T IFNAdoPreART T IFNAdoARTelig T
IiprAdoPreART T IipTAdoARTelig T IFNAdIPreART T IFNAdIARTelig T IiPTAdIPreART T TiPTAdIARTelig T RAdoPreART
+ RadoARTelig)) —

BTBadl *RAlereART* ((InottreatedAdoHIVn+In0ttreatedAdOPreART+In0ttreatedAd0ARTeli g+InottreatedAdoOnARTCD4low+Inottr
eatedAdoOnARTCD4high+In0ttreatedAleIVn+In0ttreatedAlereART+In0ttreatedAdlARTelig+In0ttreatedAlenARTCD410W+In0ttrea
tedAdIOnARTCD4high T IFNAdoHIVn + IFNAdoPreART T IENAdoARTelig T IFNAdoOnARTCDAIow T IFNAdOORARTCDAhigh
+ Iipradottva + IipTAdoPreART + IiPTAdoARTelig T I1PTAdoORARTCD410w T IIPTAd0ORARTCD4high T IFNAdIHIVA T
IrNAdipreART T IENAdIARTelig T IFNAdIOnARTCD4low T IFNAdIOnARTCD4high T TipTAdIHIVA + TiPTAdIPreART T
LiptadiarTelig T LipTAdIONARTCD4Iow T IiPTAdIONARTCDARIgh)) —CHIV*RadipreaRT T YiPT*LipTAdIPreART —
KipT*RadipreaRT + €*RAdoPreART — UPreARTAdI R AdIPreART

dRadiarTelig = Caiv*Radipreart — Narv*Radgiartelig + Yirr* LiptadiarTelig — KipT*RadiarTelig +
€*RAdoARTelig — HARTeligad *RAdIARTelig
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dR adionaRTCD4Iow = NHIVFRAdIARTelig — OHIV*RAdionarRTCD410w + Y1PT*LiPTAdIONARTCDAIOW —
KipT *RAdionARTCD41ow + aZINZIWO™ R AdoOnARTCD4Iow — NARTIowAd ¥ RAdiOnARTCD 410w

dR AdionARTCD4high = OHIV*RAdionarRTCD41ow + Y1PT*LiPTAdIONARTCDA4Igh — KIPT*RAdIOnARTCD4high +
€*R AdoOnARTCD4high — MARThighAd R AdionARTCD4high

dLnottreatedAleIVn = 8>l<LnottreatedAdoHIVn _LnottreatedAleIVn*BHIVinfadl*((SAdoPreART + SAdoARTelig +
LnottreatedAdoPreART + LnottreatedAdoARTelig + LIPTAdoPreART + LIPTAdoARTelig + IInottreatedAdoPreART +
LiottreatedAdoARTelig T IcTAdoPreART T IcTAdoARTelig T SadiPreART + SadiaRTelig T LnottreatedAdiPreART +
LiottreatedAdiARTelig T LipTAdIPreART T LipTAdIARTelig T InottreatedadiPreART T InottreatedAdiARTelig T IcTAdIPreART
+ IctadiarTelig T IFNAdoPreART T+ IENAdoARTelig T IiPTAdoPreART T IiPTAd0ARTelig T IFNAdIPreART T
IenadiarTelig T IipTAdiPreART + IiPTAdIARTClig T RAdoPreaART + RAdoARTelig))

+ BTBadl * PTBinfHIVn * SAleIVn * ((InottreatedAdoHIVn+InottreatedAdoPreART+In0ttreatedAdOARTelig+In0ttreatedAdOOnART
CD410W+InottreatedAdOOnARTCD4high+InottreatedAleIVn+InottreatedAlereART+In0ttreatedAdlARTelig+InottreatedAdIOnARTC
Dalow M nottreated AdIOnARTCD4high T IFNAdoHIVR T IFNAdoPreART T IENAdoARTelig T IFNAdoORARTCDAIOW T
IFNAdoOnARTCD4high T I1PTAdoHIVA + I1PTAdOPreART T+ IiPTAd0ARTElig T IIPTAdOORARTCDAIOW T
I1PTAdoOnARTCD4high T IFNAdiHIVA T IFNAdIPreART T IENAdIARTelig T IENAdIOnARTCD410w T IFNAdIONARTCDA4high
+ IipradiHtve T IipTAdiPreART T IiPTAdIARTelig T IIPTAdIONARTCDA410w T IIPTAdIONARTCD4high)) —
E_;AleIVn*LnottreatedAleIVn - (a*( 1 -

pTBinﬂ-HVn) * BTBadI * LnottreatedAleIVn * (InottreatedAdoHIVn+InottreatedAdoPreART+InottreatedAdoARTelig+InottreatedAdoO
nARTCD410W+In0ttreatedAd00nARTCD4high+InottreatedAleIVn+InottreatedAlereART+In0ttreatedAdlARTelig+InottreatedAlen
ARTCD4low HnottreatedAdlOnARTCD4high T IFNAdoHIVR T IENAdoPreART T IFNAdoARTelig T IFNAdoORARTCD4Iow T
IFNAdoOnARTCD4high T IiPTAdoHIVA + I1PTAdOPreART T+ IiPTAd0ARTElig T TIPTAdOORARTCDAIOW T
IipPTAdoOnARTCD4high T IFNAdiHIVA T IFNAdIPreART T IENAdIARTelig T IENAdIOnARTCD410w T IFNAdIONARTCDA4high
+ IipradiHtva + IipTadiPreART T IiPTAdIARTelig T IIPTAdIONARTCDA410w T IIPTAdIONARTCDA4high) T
(TAleIVn*LnottreatedAleIVn)) + \V*ICTAleIVn' Hnat*LnottreatedAleIVn + (P*InottreatedAleIVn +
upT*LiprAdiHIVE — LnottreatedAdiivn ™ 3trva

dLnottreatedAlereART = 8>X<LnottreatedAdoPreART +LnottreatedAleIVn*BHIVinfadl*((SAdoPreART + SAdoARTelig +
LnottreatedAdoPreART + LnottreatedAdoARTelig + LIPTAdoPreART + LIPTAdoARTelig + IInottreatedAdoPreART +
LiottreatedAdoARTelig T IcTAdoPreART T IcTAdoARTelig T SadiPreART + SadiaRTelig T LnottreatedAdiPreART +
LiottreatedAdiARTelig T LipTAdIPreART T LipTAdIARTelig T InottreatedadiPreART T InottreatedAdiARTelig T IcTAdIPreART
+ IctadiaRTelig T IFNAdoPreART + IENAdoARTelig T IiPTAdoPreART T IiPTAd0ARTelig T IFNAdIPreART T
IenadiarTelig T IipTadiPreART T LiPTAdIARTClig T RAdoPreaART + RAdoARTelig)) —

CHIV* LnottreatedAlereART+ BTBadl * pTBianIVp* SAlereART>l< ((InottreatedAdoHIVn+In0ttreatedAdoPreART+In0ttreatedAdo
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ARTelig+In0ttreatedAd0OnARTCD4low+InottreatedAdoOnARTCD4high+In0ttreatedAleIVn+In0ttreatedAlereART+In0ttreatedAdlA
RTeligHnottreatedAdOnARTCD4low I nottreatedAdOnARTCD4high T IFNAdoHIVA T IENAdoPreART T IFNAdoARTelig T
IFNAdoOnARTCD4low T IFNAdoOnARTCDAhigh + IiPTAdoHIVA T IiPTAdoPreART + IIPTAd0ARTElig T
IipTAdoOnARTCD4Iow T IIPTAd0ONARTCD4igh T IENAdIHIVE T IENAdIPreART T IENAdIARTelig T IFNAdIONARTCD 410w
+ IFNAdIOnARTCD4high T TipTAdiHIVA + IiPTAdIPreART T IiPTAdIARTelig T IIPTAdIONARTCDAIOW T
LiPTAdIOnARTCD4high)) - EadoHIVp *LnottreatedadiPreArT - (a*(1-

pTBinﬂ-HVp) * BTBadI * LnottreatedAlereART * (InottreatedAdoHIVn+In0ttreatedAd0PreART+In0ttreatedAdoARTeli g+In0ttreatedAd
OOnARTCD410w+In0ttreatedAdoOnARTCD4high+InottreatedAleIVn+InottreatedAlereART+InottreatedAdlARTelig+InottreatedAdl
OnARTCD4low T Inottreated AdIOnARTCD4high T IFNAdoHIVR T IFNAdoPreART T IENAdoARTelig T IFNAdoORARTCDAIOW T
IFNAdoOnARTCD4high T I1PTAdoHIVA + I1PTAdOPreART T+ IiPTAd0ARTElig T IIPTAdOORARTCDAIOW T
I1PTAdoOnARTCD4high T IFNAdiHIVA T IFNAdIPreART T IENAdIARTelig T IENAdIOnARTCD410w T IFNAdIONARTCDA4high
+ IipradiHtva + IipTadiPreART T IiPTAdIARTelig T IIPTAdIONARTCDA410w T IIPTAdIONARTCDA4high) T

(tadiHvp *LuottreatedAdiPreART)) T W¥lcTAdIPreART-HPreARTAd * LiotireatedAdiPreARTT @*InottreatedAdiPreART +
upt*LipTAdiPreART — LinottreatedadiPreART* Stirvp

dLnottreatedAdlARTelig = 8>l<LnottreatedAdoARTelig—f—CHIV*LnottreatedAlereART - T]HIV*LnottreatedAdlARTelig

+BTBad1* PTBinfHIVp * SAdlARTelig* ((InottreatedAdoHIVn+InottreatedAdoPreART+InottreatedAdoARTelig+InottreatedAd00nAR
TCD410W+In0ttreatedAdoOnARTCD4high+InottreatedAleIVn+InottreatedAlereART+In0ttreatedAdlARTelig+InottreatedAlenART
cDalow TlhottreatedAdlOnARTCD4high T IFNAdoHIVE T IFNAdoPreART T IFNAdoARTelig T IFNAdoORARTCD4Iow T
IFNAdoOnARTCD4high T IiPTAdoHIVA + I1PTAdOPreART T+ IiPTAd0ARTElig T TIPTAdOORARTCDAIOW T
I1PTAdoOnARTCD4high T IFNAdiHIVA T IFNAdIPreART T IENAdIARTelig T IENAdIOnARTCD410w T IFNAdIONARTCDA4high
+ IipradiHve T IipTAdiPreART T IiPTAdIARTelig + I1PTAdIONARTCDA4I0w T IIPTAdIONARTCD4high)) -
E_;Adl*LnottreatedAdlARTelig '(a*( 1 -

pTBinﬂ-HVp) * BTBadI * LnottreatedAdlARTelig * (InottreatedAdoHIVn+In0ttreatedAdoPreART+In0ttreatedAdoARTelig+In0ttreatedAd
OOnARTCD410w+In0ttreatedAdoOnARTCD4high+InottreatedAleIVn+InottreatedAlereART+InottreatedAdlARTelig+InottreatedAdl
OnARTCD4low T Inottreated AdIOnARTCD4high T IFNAdoHIVR T IFNAdoPreART T IENAdoARTelig T IFNAdoORARTCDAI0w T
IFNAdoOnARTCD4high T I1PTAdoHIVA + I1PTAdOPreART T+ IiPTAd0ARTElig T IIPTAdOORARTCDAIOW T
I1pPTAdoOnARTCD4high T IFNAdiHIVE T IFNAdIPreART T IENAdIARTelig T IENAdIOnARTCD410w T IFNAdIONARTCDA4high
+ IipradiHtva + IipTadiPreART T IiPTAdIARTelig T IIPTAdIONARTCDA410w T IIPTAdIONARTCDA4high) T
(TAleIVp*LnottreatedAdlARTelig)) + \V*ICTAdlARTeIig‘ HARTeligAdl*LnottreatedAdlARTelig+ (P*InottreatedAdlARTelig +
upt*LipTAdIARTelig — LnottreatedAdiARTelig ™ CHIvyp

dLnottreatedAlenARTCD4low = 8*LnottreatedAdoOnARTCD4low+nHIV*LnottreatedAdlARTelig -
Ourv* LiottreatedAdoOnARTCDAIow
+BTBad1* P ianIVART* SAlenARTCD410w* ((InottreatedAdoHIVn+In0ttreatedAdoPreART+InottreatedAd0ARTelig+InottreatedAd
OOnARTCD410w+In0ttreatedAdoOnARTCD4high+InottreatedAleIVn+InottreatedAlereART+InottreatedAdlARTelig+InottreatedAdl
OnARTCD4low T Inottreated AdIOnARTCD4high T IFNAdoHIVR T IFNAdoPreART T IENAdoARTelig T IFNAdoORARTCD4I0W T
IFNAdoOnARTCD4high T IiPTAdoHIVA + I1PTAdOPreART T+ IiPTAd0ARTElig T TIPTAdOORARTCDAIOW T
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I1PTAdoOnARTCD4high T IFNAdiHIVA T IFNAdIPreART T IENAdIARTelig T IENAdIOnARTCD410w T IFNAdIONARTCDA4high
+ IipradiHve T IipTAdiPreART T IiPTAdIARTelig T IIPTAdIONARTCDA410w T IIPTAdIONARTCD4high)) —
Eadi*LnotireatedAdionARTCD41ow -(3*(1-pTBintHIVART)*B

TBadl * LnottreatedAlenARTCD4low * (InottreatedAdoHIVn+In0ttreatedAdoPreART+InottreatedAdoARTelig+In0ttreatedAd00nARTC
D410W+In0ttreatedAdoOnARTCD4high+In0ttreatedAdIHIVn+In0ttreatedAdIPreART+InottreatedAdlARTeIig+In0ttreatedAlenARTCD
4lowTInottreatedAdlOnARTCD4high + IFNAdoHIVE T IFNAdoPreART T IFNAdoARTelig T IFNAdoORARTCD4I0w T
IFNAdoOnARTCD4high T IiPTAdoHIVA + I1PTAdOPreART T+ IiPTAd0ARTElig T IIPTAdOORARTCDAIOW T
IipPTAdoOnARTCD4high T IFNAdiHIVA T IFNAdIPreART T IENAdIARTelig T IENAdIOnARTCD410w T IFNAdIONARTCDA4high
+ IipradiHtva T IipTadiPreART T IiPTAdIARTelig T IIPTAdIONARTCDA410w T IIPTAdIONARTCDA4high) T

(tadiHIVART *LnottreatedAdionARTCD4low)) T W*IcTAdIARTelig-HARTIowAd! ™ Liotireated AdIOnARTCD4low T
@*LnottreatedAdiOnARTCD4low T UPT*LiPTAdIONARTCD4Iow = LnottreatedAdiOnARTCD4Iow ™ FART

dLnottreatedAlenARTCD4high = 8*LnottreatedAdoOnARTCD4high+ eHIV*LnottreatedAdoOnARTCD4low +

BTBadl * pTBinﬂ-HVART>l< SAlenARTCD4high* ((InottreatedAdoHIVn+InottreatedAd0PreART+In0ttreatedAdoARTelig+In0ttreated
AdoOnARTCD410W+In0ttreatedAdoOnARTCD4high+In0ttreatedAleIVn+In0ttreatedAlereART+In0ttreatedAdlARTeIig+In0ttreatedA
d1onARTCD4low TInottreatedAdlOnARTCD4high + IFNAdoHIVE T IFNAdoPreART T IFNAdoARTelig T IFNAdoORARTCD4I0w
+ IFNAdoOnARTCD4high + IiPTAdoHIVA T I1PTAdoPreART + I1PTAd0ARTElig T IIPTAd0ORARTCDAIOW T
IiPTAdoOnARTCD4high T IFNAdIHIVE T IFNAdIPreART T IENAdIARTelig T IENAdIOnARTCD410w T IFNAdIONARTCDA4high
+ IipradiHtve T IipTAdiPreART T IiPTAdIARTelig T IIPTAdIONARTCDA410w T IIPTAdIONARTCD4high)) —
Eadi*LnotireatedAdIOnARTCD4high -(a*(1-

P TBinﬂ-IIVART) * BTBadI * LnottreatedAlenARTCD4hi gh * (InottreatedAdoHIVn+In0ttreatedAdoPreART+In0ttreatedAdoARTelig+I
nottreatedAdoOnARTCD410W+In0ttreatedAdoOnARTCD4high+In0ttreatedAleIVn+In0ttreatedAlereART+InottreatedAdlARTelig+In
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dlipTAdionARTCD4high = OHIV*LiPTAdIOnARTCD41ow + IFNAdIOnARTCD4Righ*EAdl - ®*LiPTAdIONARTCDARIgh T
((Mrvp *LipTAdionARTCD4high)) T€*1iPTAdIONARTCDARIgh — LTBARThighAd IIPTAdIONARTCD4high
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