Supplemental Digital Content
Supplemental Digital Content 1: Structure of the compartmental deterministic model, full description on next page:
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Supplemental Digital Content 1: Structure of the model, continued. The figure is a schematic representation of the dynamic process by which individuals become infected with HIV or resistant HIV due to contact with someone with a transmitted or acquired resistant virus, are given treatment. The force of infection is the rate by which susceptible individuals become infected. Without treatment, infected patients progress through six stages: the recent stage, the chronic stage (divided into CD4 counts of >500, 350-500, and 200-350 cells/μL), an AIDS stage in which patients have a limited level of sexual activity and the final AIDS stage in which patients have no sexual activity.

 Individuals in the dark grey boxes are carrying a particular drug resistant virus and can pass on that virus to a susceptible individual.  Individuals are in light grey boxes when they can contribute a wild-type virus to a susceptible individual (and the light grey boxes on treatment have a reduced infectiousness, but not quite as reduced as with individuals without resistant virus upon treatment initiation).  Individuals on treatment (white boxes on bottom) move through three different periods defined by the time since start of antiretroviral drug therapy and the disease stage in which treatment was started. These periods and disease stages were included as mortality depends on time since start of treatment and the CD4 count at start of treatment. 

All boxes have different mortalities. All boxes (except the ones with susceptible individuals) contribute to the force of infection, but all with different infectivity. The mathematical equations are listed on page 3 of the web appendix.
Supplemental Digital Content 2: Model equation labels and parameter values
	Model Equation Labels
	
	

	Variable Label
	Description
	
	

	k
	HIV infection stages
	
	

	 k=1
	Acute Stage
	
	

	 k=2
	Chronic stage  >500 cells/μL
	
	

	 k=3
	Chronic stage  350-500 cells/μL
	
	

	 k=4
	Chronic stage  200-350 cells/μL
	
	

	 k=5
	AIDS stage
	
	

	 k=6
	Final AIDS stage
	
	

	
	
	
	

	
	Virus type
	
	

	WT
	Wild type
	
	

	R
	Resistant virus type
	
	

	 R=1
	M184V-containing virus
	
	

	 R=2
	K65R-containing virus
	
	

	 R=3
	TAM-containing virus
	
	

	 R=4
	NNRTI-containing virus
	
	

	 R=5
	PI-containing virus
	
	

	
	
	
	

	l
	Treatment Initiation
	
	

	 l=1
	Treatment initated when CD4 >200 cells/μL
	
	

	 l=2
	Treatment initated when CD4 <200 cells/μL
	
	

	
	
	
	

	m
	Treatment stages
	
	

	 m=1
	0-12 months on treatment
	
	

	 m=2
	12-24 months on treatment
	
	

	 m=3
	24+ months on treatment
	
	

	
	
	
	

	Tx
	Type of therapy
	
	

	 Tx=1
	Zidovudine-based therapy
	
	

	 Tx=2
	Tenofovir-based therapy
	
	

	 2nd
	Second-line protease inhibitor-based therapy
	
	

	
	
	
	

	b
	Resistance to first-line therapy
	
	

	 b=1
	Not resistant to first-line
	
	

	 b=2
	Resistant to first-line
	
	

	
	
	
	

	2ndR
	Resistance to second-line therapy
	
	

	
	
	
	

	λ
	Variables involved in the Force of Infection
	
	

	
	
	
	

	
	
	
	

	Model parameters, descriptions and values assessed .
	
	

	Variable Label
	Description
	Parameter Range Assessed
	Source

	i 
	Sexual Activity Group
	
	

	
	Proportion of people in sexual risk groups
	
	

	 i=1
	Highest
	1.5-2.5%
	Model Calibration

	 i=2
	2nd
	10-20%
	

	 i=3
	3rd
	20-30%
	

	 i=4
	Lowest
	47.5-68.5%
	

	
	
	
	

	γk
	HIV infection duration by stage k, k=1..6
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	Variable Label
	Description
	Parameter Range Assessed
	Source

	 γ1
	Acute Stage
	10-16 weeks
	

	 γ2
	Chronic stage  >500 cells/μL
	0.87-1 year
	

	 γ3
	Chronic stage  350-500 cells/μL
	2.9-3.1 years
	

	 γ4
	Chronic stage  200-350 cells/μL
	3.6-3.9 years
	

	 γ5
	AIDS stage
	6-12 months
	

	 γ6
	Final AIDS stage
	7-13 months
	

	
	
	
	

	
	
	
	

	
	
	
	

	μ
	Yearly Mortality rate
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	μ
	Mortality rate general population
	0.02
	

	μk
	Mortality rate untreated HIV infection, k=1..6
	
	

	 μ1
	Mortality during acute infection
	0.098
	

	 μ2
	Mortality during chronic infection (CD4 >500 cells/μL)
	0.098
	

	 μ3
	Mortality during chronic infection (CD4 350-500 cells/μL)
	0.098
	

	 μ4
	Mortality during chronic infection (CD4 200-350 cells/μL)
	0.098
	

	 μ5,  μ6 
	Mortality during AIDS stage (CD4 <200 cells/μL)
	0.63
	

	
	
	
	

	μl,m
	Mortality rate treatment patients in infection stage l and treatment stage m (l=1..2, m=1..3)
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	 μ1,1
	Mortality rate 0-12 months on treatment, initiated when CD4 >200 cells/μL
	0.02-0.098
	

	 μ1,2
	Mortality rate 12-24 months on treatment, initiated when CD4 >200 cells/μL
	0.02-0.05
	

	 μ1,3
	Mortality rate 24+ months on treatment, initiated when CD4 >200 cells/μL
	0.02-0.05
	

	 μ2,1
	Mortality rate 0-12 months on treatment, initiated when CD4 <200 cells/μL
	0.03-0.3
	

	 μ2,2
	Mortality rate 12-24 months on treatment, initiated when CD4 <200 cells/μL
	0.03-0.06
	

	 μ2,3
	Mortality rate 24+ months on treatment, initiated when CD4 <200 cells/μL
	0.03-0.06
	

	
	
	
	

	ηk
	Proportion of patients who succssfully initate therapy (product of test rate, retention, and ART initiation threshold, k=1..6)
	Model Calibration

	 η1
	Acute stage: Initiate at CD4 <200 cells/μL
	0
	

	
	Acute stage: Initiate at CD4 <350 cells/μL
	0
	

	
	Acute stage: Initiate at CD4 <500 cells/μL
	0
	

	 η2
	Chronic infection (CD4 >500 cells/μL): Initiate at CD4 <200 cells/μL
	0
	

	
	Chronic infection (CD4 >500 cells/μL): Initiate at CD4 <350 cells/μL
	0
	

	
	Chronic infection (CD4 >500 cells/μL): Initiate at CD4 <500 cells/μL
	0
	

	 η3
	Chronic infection (CD4 350-500 cells/μL): Initiate at CD4 <200 cells/μL
	0
	

	
	Chronic infection (CD4 350-500 cells/μL): Initiate at CD4 <350 cells/μL
	0
	

	
	Chronic infection (CD4 350-500 cells/μL): Initiate at CD4 <500 cells/μL
	0.075-0.3
	

	 η4
	Chronic infection (CD4 200-350 cells/μL): Initiate at CD4 <200 cells/μL
	0
	

	
	Chronic infection (CD4 200-350 cells/μL): Initiate at CD4 <350 cells/μL
	0.075-0.3
	

	
	Chronic infection (CD4 200-350 cells/μL): Initiate at CD4 <500 cells/μL
	0.075-0.3
	

	Variable Label
	Description
	Parameter Range Assessed
	Source

	 η5,  η6
	AIDS Stage (CD4 <200 cells/μL): Initiate at CD4 <200 cells/μL
	0.075-0.3
	


	
	AIDS Stage (CD4 <200 cells/μL): Initiate at CD4 <350 cells/μL
	0.075-0.3
	

	
	AIDS Stage (CD4 <200 cells/μL): Initiate at CD4 <500 cells/μL
	0.075-0.3
	

	
	
	
	

	ρkR
	Proportion of individuals who have reverted from a resistant virus, R, to a wild-type virus by stage k, R=1..5, k=1..6 
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	 ρ11
	Reversion from M184V-containing virus to wild type during acute stage
	38-98%
	

	 ρ21
	Reversion from M184V-containing virus to wild type during chronic stage (CD4 >500 cells/μL)
	94-100%
	

	 ρ31
	Reversion from M184V-containing virus to wild type during chronic stage (CD4 350-500 cells/μL)
	100%
	

	 ρ41
	Reversion from M184V-containing virus to wild type during chronic stage (CD4 200-350 cells/μL)
	100%
	

	 ρ51
	Reversion from M184V-containing virus to wild type during AIDS stage
	100%
	

	 ρ61
	Reversion from M184V-containing virus to wild type during final AIDS stage
	100%
	

	 ρ12
	Reversion from K65R-containing virus to wild type during acute stage
	0-2%
	

	 ρ22
	Reversion from K65R-containing virus to wild type during chronic stage (CD4 >500 cells/μL)
	0-4%
	

	 ρ32
	Reversion from K65R-containing virus to wild type during chronic stage (CD4 350-500 cells/μL)
	0-10%
	

	 ρ42
	Reversion from K65R-containing virus to wild type during chronic stage (CD4 200-350 cells/μL)
	1-16%
	

	 ρ52
	Reversion from K65R-containing virus to wild type during AIDS stage
	0%
	

	 ρ62
	Reversion from K65R-containing virus to wild type during final AIDS stage
	0%
	

	 ρ13
	Reversion from TAM-containing virus to wild type during acute stage
	1-7%
	

	 ρ23
	Reversion from TAM-containing virus to wild type during chronic stage (CD4 >500 cells/μL)
	4-14%
	

	 ρ33
	Reversion from TAM-containing virus to wild type during chronic stage (CD4 350-500 cells/μL)
	9-29%
	

	 ρ43
	Reversion from TAM-containing virus to wild type during chronic stage (CD4 200-350 cells/μL)
	12-42%
	

	 ρ53
	Reversion from TAM-containing virus to wild type during AIDS stage
	0%
	

	 ρ63
	Reversion from TAM-containing virus to wild type during final AIDS stage
	0%
	

	 ρ14
	Reversion from NNRTI-containing virus to wild type during acute stage
	0-2%
	

	 ρ24
	Reversion from NNRTI-containing virus to wild type during chronic stage (CD4 >500 cells/μL)
	1-7%
	

	 ρ34
	Reversion from NNRTI-containing virus to wild type during chronic stage (CD4 350-500 cells/μL)
	3-17%
	

	 ρ44
	Reversion from NNRTI-containing virus to wild type during chronic stage (CD4 200-350 cells/μL)
	6-25%
	

	 ρ54
	Reversion from NNRTI-containing virus to wild type during AIDS stage
	0%
	

	 ρ64
	Reversion from NNRTI-containing virus to wild type during final AIDS stage
	0%
	

	 ρ15
	Reversion from PI-containing virus to wild type during acute stage
	1-4%
	

	Variable Label
	Description
	Parameter Range Assessed
	Source

	 ρ25
	Reversion from PI-containing virus to wild type during chronic stage (CD4 >500 cells/μL)
	2-8%
	

	 ρ35
	Reversion from PI-containing virus to wild type during chronic stage (CD4 350-500 cells/μL)
	4-24%
	

	 ρ45
	Reversion from PI-containing virus to wild type during chronic stage (CD4 200-350 cells/μL)
	8-36%
	

	 ρ55
	Reversion from PI-containing virus to wild type during AIDS stage
	0%
	

	 ρ65
	Reversion from PI-containing virus to wild type during final AIDS stage
	0%
	

	
	
	
	

	ψTx
	Proportion of individuals assigned to a particular first-line regimen Tx, Tx=1..2
	
	

	 ψ1
	Proportion of individuals starting a zidovudine-based regimen, Kampala
	60%
	

	
	Proportion of individuals starting a zidovudine-based regimen, Mombasa
	99%
	

	 ψ2
	Proportion of individuals starting a tenofovir-based regimen, Kampala
	40%
	

	
	Proportion of individuals starting a tenofovir-based regimen, Mombasa
	1%
	

	
	
	
	

	Φm,b
	Proportion of individuals on first-line treatment who go to second-line treatment, m=1..3, b=1..2
	

	
	Kampala
	
	

	 Φ1,1
	Individuals on zidovudine-based therapy for 0-12 months who go to second-line (due to toxicity)
	1.5-3%
	5[]


	 Φ2,1
	Individuals on zidovudine-based therapy for 12-24 months who go to second-line
	33-50%
	PASER-M Data

	 Φ3,1
	Individuals on zidovudine-based therapy for 24+ months who go to second-line
	0%
	PASER-M Data

	 Φ1,2
	Individuals on tenofovir-based therapy for 0-12 months who go to second-line (due to toxicity)
	1.5-3%
	5[]


	 Φ2,2
	Individuals on tenofovir-based therapy for 12-24 months who go to second-line
	33-66%
	PASER-M Data

	 Φ3,2
	Individuals on tenofovir-based therapy for 24+ months who go to second-line
	0%
	PASER-M Data

	
	Mombasa
	
	

	 Φ1,1
	Individuals on zidovudine-based therapy for 0-12 months who go to second-line (due to toxicity)
	1.5-3%
	5[]


	 Φ2,1
	Individuals on zidovudine-based therapy for 12-24 months who go to second-line
	17.4-34.2%
	PASER-M Data

	 Φ3,1
	Individuals on zidovudine-based therapy for 24+ months who go to second-line
	0%
	PASER-M Data

	 Φ1,2
	Individuals on tenofovir-based therapy for 0-12 months who go to second-line (due to toxicity)
	1.5-3%
	5[]


	 Φ2,2
	Individuals on tenofovir-based therapy for 12-24 months who go to second-line
	20-30%
	PASER-M Data

	 Φ3,2
	Individuals on tenofovir-based therapy for 24+ months who go to second-line
	0%
	PASER-M Data

	
	
	
	

	ξm,bTx
	The rate of acquired resistance after m time, on first-line treatment Tx, m=1..3, b=1..2, Tx=1..2
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	Kampala
	
	

	 ξ1,b1
	Acquired resistance after 0-12 months on zidovudine-based therapy
	10%
	

	 ξ2,b1
	Acquired resistance after 12-24 months on zidovudine-based therapy
	8.3%
	

	Variable Label
	Description
	Parameter Range Assessed
	Source

	 ξ3,b1
	Acquired resistance after 24+ months on zidovudine-based therapy
	0-1%
	

	 ξ1,b2
	Acquired resistance after 0-12 months on tenofovir-based therapy
	6.0%
	

	 ξ2,b2
	Acquired resistance after 12-24 months on tenofovir-based therapy
	4.7%
	

	 ξ3,b2
	Acquired resistance after 24+ months on tenofovir-based therapy
	0-1%
	

	
	Mombasa
	
	

	 ξ1,b1
	Acquired resistance after 0-12 months on zidovudine-based therapy
	7.2%
	

	 ξ2,b1
	Acquired resistance after 12-24 months on zidovudine-based therapy
	8.2%
	

	 ξ3,b1
	Acquired resistance after 24+ months on zidovudine-based therapy
	0-1%
	


	 ξ1,b2
	Acquired resistance after 0-12 months on tenofovir-based therapy
	6.0%
	

	 ξ2,b2
	Acquired resistance after 12-24 months on tenofovir-based therapy
	7.0%
	

	 ξ3,b2
	Acquired resistance after 24+ months on tenofovir-based therapy
	0-1%
	

	
	
	
	

	ξm2nd
	The rate of acquired resistance to second-line therapy after m time, m=1..3
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	 ξ12nd
	Acquired resistance after 0-12 months on second-line PI-based therapy
	4-6%
	

	 ξ22nd
	Acquired resistance after 12-24 months on second-line PI-based therapy
	3-5%
	

	 ξ32nd
	Acquired resistance after 24+ months on second-line PI-based therapy
	0-0.1%
	

	
	
	
	

	νTx
	The rate at which individuals who acquired resistance to first-line therapy become successfully re-suppressed on first-line therapy, Tx=1..2
	PASER-M Data

	
	Kampala
	
	

	 ν1
	Resuppression on first-line after acquired resistance to zidovudine-based therapy, 12-24 months on treatment
	8.3-33.3%
	

	 ν2
	Resuppression on first-line after acquired resistance to tenofovir-based therapy, 12-24 months on treatment
	16-49.3%
	

	
	Mombasa
	
	

	 ν1
	Resuppression on first-line after acquired resistance to zidovudine-based therapy, 12-24 months on treatment
	7.7-30.7%
	

	 ν2
	Resuppression on first-line after acquired resistance to tenofovir-based therapy, 12-24 months on treatment
	40-65%
	

	
	
	
	

	α
	The reduction in infectiousness on people on treatment
	90-100%
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	θTx
	The proportion of individuals infected with a drug resistant virus that become successfully suppressed on first-line, Tx=1..2
	PASER-M Data

	
	Kampala
	
	

	 θ1
	Proportion of individuals infected with a drug resistant virus who are successfully suppressed on zidovudine after 12 months
	70-82%
	

	 θ2
	Proportion of individuals infected with a drug resistant virus who are successfully suppressed on tenofovir after 12 months
	90-94%
	

	Variable Label
	Description
	Parameter Range Assessed
	Source

	
	Mombasa
	
	

	 θ1
	Proportion of individuals infected with a drug resistant virus who are successfully suppressed on zidovudine after 12 months
	78.4-92.8%
	

	 θ2
	Proportion of individuals infected with a drug resistant virus who are successfully suppressed on tenofovir after 12 months
	82-94%
	

	
	
	
	

	
	Parameters used in Force of Infection (λ)
	
	

	βk
	The infectiousness of an individual in a given stage of infection, not on treatment, k=1..6
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	 β1
	Infectiousness during acute stage
	27-43 times chronic stage
	

	 β2
	Infectiousness during chronic stage (CD4 >500 cells/μL)
	10%/year
	

	 β3
	Infectiousness during chronic stage (CD4 350-500 cells/μL)
	10%/year
	

	 β4
	Infectiousness during chronic stage (CD4 200-350 cells/μL)
	10%/year
	

	 β5
	Infectiousness during AIDS stage
	3-5 times chronic stage
	

	 β6
	Infectiousness during final AIDS stage (no longer sexually active)
	0%
	

	
	
	
	

	τRTX
	The proportion of patients who acquire a specific drug resistant virus, R, depending on the first-line treatment, Tx, R=1..5, Tx=1..2
	PASER-M Data

	 τ11
	The proportion of patients who acquired an M184V mutation on a zidovudine-based therapy
	33-43%
	

	 τ21
	The proportion of patients who acquired a K65R mutation on a zidovudine-based therapy
	0-3%
	

	 τ31
	The proportion of patients who acquired a TAM on a zidovudine-based therapy
	3-6%
	

	 τ41
	The proportion of patients who acquired a mutation to NNRTIs on a zidovudine-based therapy
	43-63%
	

	 τ51
	The proportion of patients who acquired a mutation to PIs on a zidovudine-based therapy
	0%
	

	 τ12
	The proportion of patients who acquired an M184V mutation on a tenofovir-based therapy
	17-36%
	

	 τ22
	The proportion of patients who acquired a K65R mutation on a tenofovir-based therapy
	0-10%
	

	 τ32
	The proportion of patients who acquired a TAM on a tenofovir-based therapy
	0%
	

	 τ42
	The proportion of patients who acquired a mutation to NNRTIs on a tenofovir-based therapy
	54-84%
	

	 τ52
	The proportion of patients who acquired a mutation to PIs on a tenofovir-based therapy
	0%
	

	
	
	
	

	τR2nd
	The proportion of patients who acquire a specific drug resistant virus, R, to second-line treatment, R=1..5
	PASER-M Data

	 τ12nd
	The proportion of patients who acquired an M184V mutation on a second line PI-based therapy
	57-71%
	

	 τ22nd
	The proportion of patients who acquired a K65R mutation on a second line PI-based therapy
	0-10%
	

	 τ32nd
	The proportion of patients who acquired a TAM on a second line PI-based therapy
	7-21%
	

	 τ42nd
	The proportion of patients who acquired a mutation to NNRTIs on a second line PI-based therapy
	0%
	

	 τ52nd
	The proportion of patients who acquired a mutation to PIs on a second line PI-based therapy
	7-21%
	

	Variable Label
	Description
	Parameter Range Assessed
	Source

	ζR
	The fitness cost of a particular mutation R based on viral replication capacities of viruses that were acquired to first- or second-line therapy, R=1..5
	

	 ζ1
	The fitness cost of M184V-containing virus
	60-70%
	PASER-M Data

	 ζ2
	The fitness cost of K65R-containing virus
	45-60%
	14[]


	 ζ3
	The fitness cost of a TAM-containing virus
	0-20%
	15[]


	 ζ4
	The fitness cost of a virus containing a mutation to NNRTIs
	30-70%
	PASER-M Data

	 ζ5
	The fitness cost of a virus containing a mutation to PIs
	0-20%
	15[]


	
	
	
	

	ε
	Sexual mixing assortativity
	0.38-0.54
	Model Calibration

	
	
	
	

	i 
	Sexual activity groups, number of new sexual partners per year
	Model Calibration

	 i=1
	Highest
	 9-14
	

	 i=2
	2nd
	1.7-3
	

	 i=3
	3rd
	0.12-0.22
	

	 i=4
	Lowest
	0.04-0.06
	


 Supplemental Digital Content 3: Model Calibration to HIV prevalence and transmitted drug resistance prevalence 
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Supplemental Digital Content 3 description 

Figures S3A & S3B show the time period over which the model was calibrated. The WHO data from Uganda had two sites in Kampala in which HIV prevalence was estimated, hence two lines: Kampala 1 and Kampala 216[]
. There was one prevalence estimate for Mombasa17[]
. We use the transmitted drug resistance prevalence point estimate for 2009 from the PASER data for Kampala and Mombasa respectively (Figures S3C and S3D).

Supplemental Digital Content 4: Sensitivity analysis: recursive partitioning 18[, 19]
 

The N in the following recursive partitioning trees represents the number of simulations that fulfill all of the given criteria for a branch in the tree. The percentage represents the percent of simulations which are greater than the median number of acute infections or greater than the median transmitted drug resistance prevalence, respectively. The percentages highlighted in red represent branches of the tree which 50% or more of the simulations resulted in a higher-than-median number of acute infections or higher-than median transmitted drug resistance prevalence, respectively. The percentages highlighted in green represent branches of the tree which 50% or less of the simulations resulted in a higher-than-median number of acute infections or higher-than median transmitted drug resistance prevalence, respectively. Observations for which less than 100 simulations were found were not included.
4a. Recursive partitioning, simulations which lead to an above or below median number of acute infections (a median of 30,810 acute infections over 10 years), Kampala, Uganda
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4a description. In Kampala, a yearly test rate of >22.5% is the strongest predictor for a reduction in new infections. This is likely due to the fact that more individuals will get into care sooner, and thus spend a greater amount of time with a suppressed virus. 

4b. Recursive partitioning, simulations which lead to above or below median transmitted drug resistance prevalence (a median of 9.4% after 10 years), Kampala, Uganda
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4b description. In Kampala, transmitted drug resistance depends most strongly on revertancy. This is because if revertancy is slower, a patient is more likely to infect another person with a resistant virus. After revertancy, the prevalence of transmitted drug resistance depnds on the test rate. This is due to the fact that if the test rate is higher, more people will go onto treatment who may then develop resistance. This therefore increases the pool of patients with acquired drug resistance who can then transmit their virus.

4c. Recursive partitioning, simulations which lead to an above or below median number of acute infections (a median of 15,075 acute infections over 10 years), Mombasa, Kenya
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4c description. In Mombasa, a yearly test rate of >21.4% is the strongest predictor for a reduction in new infections. This is likely due to the fact that more individuals will get into care sooner, and thus spend a greater amount of time with a suppressed virus. 

4d. Recursive partitioning, simulations which lead to above or below median transmitted drug resistance prevalence (a median of 11.0% after 10 years), Mombasa, Kenya
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4d. description. In Mombasa, transmitted drug resistance depends most strongly on revertancy. This is because if revertancy is slower, a patient is more likely to infect another person with a resistant virus. After revertancy, the prevalence of transmitted drug resistance depnds on the test rate. This is due to the fact that if the test rate is higher, more people will go onto treatment who may then develop resistance. This therefore increases the pool of patients with acquired drug resistance who can then transmit their virus.

	Supplemental Digital Content 5: Acquired resistance mutations*, proportion to which they will contribute to transmitted drug resistance (TDR)

	 
	Proportions**
	
	Fitness Cost
	Reference

	 
	Tenofovir-based regimen
	Zidovudine-based regimen
	Second-line,

boosted protease inhibitor
	
	
	

	M184V
	17-36%
	33-43%
	57-71%
	
	60-70%
	PASER-M***20[]


	K65R
	0-10%
	0-3%
	0-10%
	
	45-60%
	14[]


	TAM
	0%
	3-6%
	7-21%
	
	0-20%
	15[]


	NNRTI
	54-84%
	46-63%
	0%
	
	30-70%
	PASER-M***,21[]


	PI
	0%
	0%
	7-21%
	
	0-20%
	15[]


	*Patients can only transmit a single resistance mutation, as most viruses that transmit only contain one resistance mutation22[]

**Ranges from PASER data and Gallant et al. 2006
 ADDIN EN.CITE 
[7]
, Pozniak et al., 2006
 ADDIN EN.CITE 
[6]
,, and Molina et al., 2008
 ADDIN EN.CITE 
[8]
 

	***Interquartile range of reduction in infectivity to respective mutations in PASER-M cohort from Kampala & Mombasa: We used viral load measurements at treatment initiation, and a viral load measurement again upon treatment failure with respective mutation present. We then calculated the fitness cost (a proxy for reduction in infectivity) of the viruses which acquired the M184V and K65R mutations using a published formula 
 ADDIN EN.CITE 
[23]
. The results were in line with current literature 
 ADDIN EN.CITE 
[20, 21]
.


Table description: For this analysis, we assume that a person failing treatment can go on to transmit a drug resistant virus containing a single mutation. To illustrate how this table can be interpreted, the following is how resistance to a tenofovir-based regimen is handled. Based on our PASER-M data, 17-36% of patients who fail first line tenofovir-containing therapy will go on to acquire an M184V mutation. Between 0-10% will acquire a K65R mutation, and 54-84% of patients will acquire a mutation to NNRTIs. Each of these resistant viruses also has an associated fitness cost. Therefore, a person failing a tenofovir-based regimen will go on to transmit an M184V-containing virus 5.1%-14.4% of the time (17-36% multiplied by 1 minus the extremes of the fitness cost range, 30-40%); they will go on to transmit a K65R-containing virus 0-5.5% of the time (0-10% multiplied by 1 minus the extremes of the fitness cost range, 40-55%); and they will go on to transmit a virus carrying resistance to NNRTIs 16.2-58.8% of the time (54-84% multiplied by 1 minus the extremes of the fitness cost range, 30-70%).
	Supplemental Digital Content 6: Rate of reversion to wild-type HIV-1 after being infected with a drug-resistant HIV virus, by each stage of infection

	 
	Mutation

	Stage of infection
	M184V
	K65R
	TAM
	NNRTI
	PI

	Acute Stage
	38-98%*
	0-2%
	1-7%
	0-2%
	1-4%

	CD4 >500 cells/μL
	94-100%
	0-4%
	4-14%
	1-7%
	2-8%

	CD4 350-500 cells/μL
	100%
	0-10%
	9-29%
	3-17%
	4-24%

	CD4 200-350 cells/μL
	100%
	1-16%
	12-42%
	6-25%
	8-36%

	CD4 <200 cells/μL
	100%
	0%
	0%
	0%
	0%

	*All ranges follow a uniform distribution and are based on Jain et al. 2011
 ADDIN EN.CITE 
[4]
, and model calibration


Supplemental Digital Content 7: Model Description and equations

The model is seeded in 1972 with one infected individual. The state variables and HIV transmission equations for the model are shown below. There are four activity classes i based on the partner acquisition rate change: class 1 in which individuals have 9-14 partners per year, class 2 with 1.7-3 partners, class 3 with 0.12-0.22 and class 4 with 0.04-0.06.  

The model included six HIV infection stages k: class 1 is the acute stage, class 2 is the chronic stage where CD4 count is >500 cells/μL, class 3 is the chronic stage where CD4 count is 350-500 cells/μL, class 4 is the chronic stage where CD4 count is 200-350 cells/μL, class 5 is the pre-final AIDS stage in which individuals have limited sexual activity. Class 6 is the final AIDS stage in which patients do not have any sexual intercourse 12[]
.

During treatment, the model includes two infection stages l: class 1 are individuals who were in the recent or chronic stage before start of treatment, class 2 are patients who were in one of the AIDS stage before antiretroviral therapy was initiated.

A proportion of individuals are infected with a wild type virus, WT, or a resistant virus R. There are five types of R, a person is infected with an M184V-containing virus where R=1, a K65R-containing virus where R=2, a TAM-containing virus where R=3, an NNRTI-containing virus where R=4, and a PI-containing virus where R=5. 

Patients progress through three treatment stages m: The first two treatment stages occur, respectively, during the first 12 months (stage 1) and 12-24 of treatment (stage 2). Patients receiving antiretrovirals for more than 24 months are in stage 3. Patients can be on one of two first-line therapies, either a zidovudine-based regimen (Tx=1) or a tenofovir-based regimen (Tx=2). There are two states of resistance to first-line therapy, those not resistant b=1 and those resistant b=2.

The population used is the catchment area where the PASER data was collected in each city, 161,000 in Mombasa, and 336,000 in Kampala. 
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Force of infection
The equation for the force of infection includes a mixing matrix 
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 for infected individuals, with a different infectiousness for each stage of infection,
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. The elements of this matrix are i,j and represent the probability that an individual with i new partnerships per year will form a new partnership with a member who has j new partners. The rate at which the sexual partner changes for individuals in each sexual activity group i is expressed as 
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. The values of the matrix depend on the degree of mixing ε. This degree can be fully assortative (ε=1), where partnerships are only formed within the same activity class. Or fully random (ε=0), where partnerships are randomly formed between different activity classes 
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Where δ = 1 when i = j, and δ = 0 when i ≠ j. 
(21)
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In which 
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is the force of infection due to contact with an infected person.  Similarly, [image: image67.png]


is the force of infection due to contact with a person with a wild-type virus, on treatment or not, and 
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is the force of infection due to contact with a person with a resistant virus R, either due to acquired or transmitted resistance.  
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 is the contribution to transmitted resistant viruses to each of the five resistant categories R (M184V, K65R, TAMs, NNRTI, and PI resistance). 
Supplemental Digital Content 8: Sensitivity analysis of having all patients in Mombasa, Kenya, on zidovudine, or moving 20% to tenofovir in 2012 the other 80% remaining on zidovudine, when initiating treatment at CD4<200 cells/μL, <350 cells/μL, and <500 cells/μL
[image: image70.emf]
References
1.
Pilcher CD, Joaki G, Hoffman IF, Martinson FE, Mapanje C, Stewart PW, et al. Amplified transmission of HIV-1: comparison of HIV-1 concentrations in semen and blood during acute and chronic infection. AIDS 2007,21:1723-1730.

2.
Lodi S, Phillips A, Touloumi G, Geskus R, Meyer L, Thiebaut R, et al. Time from human immunodeficiency virus seroconversion to reaching CD4+ cell count thresholds <200, <350, and <500 Cells/mm(3): assessment of need following changes in treatment guidelines. Clin Infect Dis 2011,53:817-825.

3.
Brinkhof MW, Boulle A, Weigel R, Messou E, Mathers C, Orrell C, et al. Mortality of HIV-infected patients starting antiretroviral therapy in sub-Saharan Africa: comparison with HIV-unrelated mortality. PLoS Med 2009,6:e1000066.

4.
Jain V, Sucupira MC, Bacchetti P, Hartogensis W, Diaz RS, Kallas EG, et al. Differential persistence of transmitted HIV-1 drug resistance mutation classes. J Infect Dis 2011,203:1174-1181.

5.
Landier J, Akonde A, Pizzocolo C, Haidara I, Drabo M, Pizarro L, et al. Switch to second-line ART in West African routine care: incidence and reasons for switching. AIDS Care 2011,23:75-78.

6.
Pozniak AL, Gallant JE, DeJesus E, Arribas JR, Gazzard B, Campo RE, et al. Tenofovir disoproxil fumarate, emtricitabine, and efavirenz versus fixed-dose zidovudine/lamivudine and efavirenz in antiretroviral-naive patients: virologic, immunologic, and morphologic changes--a 96-week analysis. J Acquir Immune Defic Syndr 2006,43:535-540.

7.
Gallant JE, DeJesus E, Arribas JR, Pozniak AL, Gazzard B, Campo RE, et al. Tenofovir DF, emtricitabine, and efavirenz vs. zidovudine, lamivudine, and efavirenz for HIV. N Engl J Med 2006,354:251-260.

8.
Molina JM, Andrade-Villanueva J, Echevarria J, Chetchotisakd P, Corral J, David N, et al. Once-daily atazanavir/ritonavir versus twice-daily lopinavir/ritonavir, each in combination with tenofovir and emtricitabine, for management of antiretroviral-naive HIV-1-infected patients: 48 week efficacy and safety results of the CASTLE study. Lancet 2008,372:646-655.

9.
Cohen MS, Chen YQ, McCauley M, Gamble T, Hosseinipour MC, Kumarasamy N, et al. Prevention of HIV-1 infection with early antiretroviral therapy. N Engl J Med 2011,365:493-505.

10.
Donnell D, Baeten JM, Kiarie J, Thomas KK, Stevens W, Cohen CR, et al. Heterosexual HIV-1 transmission after initiation of antiretroviral therapy: a prospective cohort analysis. Lancet 2010,375:2092-2098.

11.
Reynolds SJ, Makumbi F, Nakigozi G, Kagaayi J, Gray RH, Wawer M, et al. HIV-1 transmission among HIV-1 discordant couples before and after the introduction of antiretroviral therapy. AIDS 2011,25:473-477.

12.
Hollingsworth TD, Anderson RM, Fraser C. HIV-1 transmission, by stage of infection. J Infect Dis 2008,198:687-693.

13.
Ruark A, Shelton JD, Halperin DT, Wawer MJ, Gray RH. Universal voluntary HIV testing and immediate antiretroviral therapy. Lancet 2009,373:1078; author reply 1080-1071.

14.
Xu HT, Martinez-Cajas JL, Ntemgwa ML, Coutsinos D, Frankel FA, Brenner BG, Wainberg MA. Effects of the K65R and K65R/M184V reverse transcriptase mutations in subtype C HIV on enzyme function and drug resistance. Retrovirology 2009,6:14.

15.
De Luca A. The impact of resistance on viral fitness and its clinical implications. In: Geretti AM, editor. Antiretroviral Resistance in Clinical Practice. London: Mediscript; 2006. Chapter 12.
16.
STD/AIDS Control Programme. The HIV/AIDS Epidemiological Surveillance Report 2010. In. Kampala: Ministry of Health, Uganda; 2010.

17.
National AIDS and STI Control Program. Sentinel surveillance for HIV and Syphilis among pregnant women, 2010. In. Nairobi: NASCOP; 2010.

18.
Therneau TM, Atkinson EJ. An introduction to recursive partitioning using the RPART routines. In: Mayo Foundation; 1997:251, 258.

19.
Venables WN, Ripley BD. Chapter 9: Tree-Based Methods. In: Modern Applied Statistics with S. Edited by Venables WN, Ripley BD. 4 ed. New York: Springer; 2002.

20.
Cong ME, Heneine W, Garcia-Lerma JG. The fitness cost of mutations associated with human immunodeficiency virus type 1 drug resistance is modulated by mutational interactions. J Virol 2007,81:3037-3041.

21.
Armstrong KL, Lee TH, Essex M. Replicative fitness costs of nonnucleoside reverse transcriptase inhibitor drug resistance mutations on HIV subtype C. Antimicrob Agents Chemother 2011,55:2146-2153.

22.
Spread programme. Transmission of drug-resistant HIV-1 in Europe remains limited to single classes. AIDS 2008,22:625-635.

23.
Smith RJ, Okano JT, Kahn JS, Bodine EN, Blower S. Evolutionary dynamics of complex networks of HIV drug-resistant strains: the case of San Francisco. Science 2010,327:697-701.

24.
Garnett GP, Anderson RM. Factors controlling the spread of HIV in heterosexual communities in developing countries: patterns of mixing between different age and sexual activity classes. Philos Trans R Soc Lond B Biol Sci 1993,342:137-159.


[image: image71.png]


[image: image72.png]


[image: image73.png]


[image: image74.png]iy



[image: image75.png]


[image: image76.png]



� EMBED Equation.DSMT4 ���








10
1

[image: image77.emf]

_1406720456.unknown

_1406720474.unknown

_1406720486.unknown

_1426950492.unknown

_1427010365.unknown

_1427011920.unknown

_1427011949.unknown

_1427021787.unknown

_1427011859.unknown

_1426952323.unknown

_1426952341.unknown

_1426952307.unknown

_1406720490.unknown

_1425216642.unknown

_1425216654.unknown

_1426950477.unknown

_1406720494.unknown

_1406720496.unknown

_1406720497.unknown

_1406720491.unknown

_1406720488.unknown

_1406720489.unknown

_1406720487.unknown

_1406720482.unknown

_1406720484.unknown

_1406720485.unknown

_1406720483.unknown

_1406720478.unknown

_1406720481.unknown

_1406720475.unknown

_1406720466.unknown

_1406720470.unknown

_1406720472.unknown

_1406720473.unknown

_1406720471.unknown

_1406720468.unknown

_1406720469.unknown

_1406720467.unknown

_1406720460.unknown

_1406720464.unknown

_1406720465.unknown

_1406720461.unknown

_1406720458.unknown

_1406720459.unknown

_1406720457.unknown

_1406720448.unknown

_1406720452.unknown

_1406720454.unknown

_1406720455.unknown

_1406720453.unknown

_1406720450.unknown

_1406720451.unknown

_1406720449.unknown

_1406720444.unknown

_1406720446.unknown

_1406720447.unknown

_1406720445.unknown

_1406720441.unknown

_1406720443.unknown

_1406720440.unknown

