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1. Model definition

1.1 Overview

We adapted an individual-based microsimulation model of adults (ages 18 and over) to reflect the former Nyanza Province of Kenya. The aim of the analysis was to evaluate the health impact and cost-effectiveness of implementing assisted partner notification services (aPS) compared to a ‘status quo’ scenario with ongoing current levels of facility-based HIV testing and ART uptake (SQ; Box 1). The analysis was conducted with three ART eligibility criteria: 1) ≤350 CD4 cells/mm3, 2) ≤500 CD4 cells/mm3 and 3) all HIV-positive (universal ART initiation). The model is run with a one-month time step from a standing start at year 2012 for 13 years (the first 3 years are considered a burn-in period). Costs and effectiveness estimates are taken from the aPS randomized clinical trial conducted in Kenya. The model is coded in MATLAB (v2015b, The MathWorks, Natick, Massachusetts) and model probabilities are subject to stochastic variation modeled as a Bernoulli process.

Box S1. Analysis summary.

Scenario one (baseline, SQ): Background HIV treatment cascade only, encompassing existing facility-based testing.  
Scenario two (home HTC): Assisted partner notification services (aPS) plus background treatment cascade.
Both scenarios repeated for ART eligibility at CD4≤350, ≤500 and all HIV-positive with all HIV-positive the base-case scenario.




1.2 Population and behavior

The model simulates all adults in the community irrespective of aPS intervention eligibility. Individuals are grouped into households with cohabiting and non-cohabiting couples explicitly defined. Household size is randomly allocated according to the distribution observed in KAIS (Figure S1). 

Figure S1. KAIS data for Nyanza.

+


The model replicates the sex and age distribution of the community recorded in KAIS 2012 (Table S1) stratified according to position in the household: household head, cohabiting partner of household head or other members of the household. First, each household is assigned a household head, 76.3% of whom are assumed to be male (KAIS 2012). Each household head is randomly assigned an age category from the observed distribution and their specific age is generated from a uniform distribution across the whole category.  









Table S1. Distribution of age and sex (KAIS 2012 Nyanza data).

	 
	All eligible adults
	Household heads only

	Age group 
	Men 
	Women
	Men
	Women

	(years)
	N=662
	N=947
	N=463
	N=318

	18-19
	0.09
	0.06
	0.00
	0.02

	20-24
	0.15
	0.21
	0.08
	0.11

	25-29
	0.14
	0.18
	0.12
	0.15

	30-34
	0.13
	0.11
	0.16
	0.11

	35-39
	0.10
	0.11
	0.13
	0.13

	40-44
	0.08
	0.08
	0.10
	0.11

	45-49
	0.08
	0.08
	0.11
	0.13

	50-54
	0.10
	0.07
	0.13
	0.10

	55-59
	0.06
	0.05
	0.09
	0.08

	60-64
	0.05
	0.05
	0.08
	0.08



 

Table S2. Age difference between household heads and their cohabiting partners or other household members (KAIS 2012 Nyanza data).

	Age difference (years)

	 
	Household head is younger
	Same age
	Household head is older

	
	(-11)-(-49)
	(-10)-(-1)
	0
	 1-10
	 11-20
	21-30
	31-40
	41-50
	51-60
	61-80

	Cohabiting partners (proportion) (N=378)

	 
	0.0046
	0.088
	0.035
	0.65
	0.17
	0.048
	0.0063
	0.0014
	0
	0

	Other household members (proportion) (N=471)

	 
	0.0044
	0.0093
	0.0032
	0.064
	0.1326
	0.377
	0.3195
	0.09
	0.045
	0



KAIS does not have data for age difference for between head of household and other members over 50, so we linearly interpolated assuming 0 age difference for age 61-80 years.

Overall, 84.7% of household respondents in Nyanza were in a union. Of these, 83.12% are cohabitating (total 70.4% cohabitating). Of head of households, 78.9% were in a union and of these 74.2% were cohabitating (total 58.5% cohabitating). The remaining individuals in each household are modeled as other household members. The ages of cohabiting partners and other household members are randomly assigned from a discrete distribution relative to the age of the household head (Table S2).  

Migration, partnerships, coital frequency and condom use

The model simulates heterosexual HIV transmission only, and sexual partnerships can be formed between any two adults of the opposite sex with a preference for the male partner to be slightly older than the female (modal age difference = 0-4). Stable, or long-term, partnerships are assumed to have a mean duration of 12 years and can only be formed within the modelled community (either within the same household or with an adult in a different household). New long-term partnerships are formed dynamically by matching the number of stable partnerships within the community to KAIS partnership data (Figure S2). Short-term partnerships have a mean duration of three months and are preferentially formed with other adults within the community. Short-term partnership formation is demand-driven by either men or women (usually men who report higher numbers of partners, Table S4). If no adults are available within the community, short-term partners outside the community may be sought. These external adults are not explicitly modelled but have a probability of HIV infection based on the age and sex distribution of HIV prevalence within the study community (Table S3). 
Individuals may have a maximum of two concurrent partners at any time, only one of which may be long-term. The monthly probability of an existing partnership dissolving is calculated from the mean partnership duration using a negative exponential distribution. We assume that there is a minimum two-month lag period between cessation of a partnership and formation of the next of the same type.
Migrant workers are considered to be present in the community for nine months in every twelve where they form partnerships and contribute to transmission within the community (Table S4). For the remainder of the time they do not engage in sex acts with any long-term partner within the simulated community, but both they and any long-term partner are subject to an elevated risk of short-term partnership formation. Short-term partners who are external to the community are not explicitly modeled but are assumed to share the same age- and sex-specific HIV prevalence as that observed in KAIS 2012 (Table S3).




Table S3. HIV Prevalence estimates from Nyanza (KAIS 2012 data)  

	Age 
	HIV prevalence

	 
	Male
	Female

	18 – 19
	0.0222
	0.0659

	20 – 24
	0.0293
	0.1414

	25 – 34
	0.2201
	0.2309

	35 – 44
	0.2458
	0.2309

	45 –54
	0.1895
	0.1771

	55 – 64
	0.1203
	0.0478

	65-74
	0.0511
	0.001

	75-84
	0.0165
	0.00

	85+
	0.00
	0.00



Due to lack of data for ages greater than 65, we linearly interpolated age 55-64 data assuming zero prevalence at 85+.

Table S4. Migration: Proportion of persons who have stayed away from home for at least one month in the last 12 months (KAIS 2012 Nyanza data)

	 
	Away from residence for at least one month

	Men
	0.29

	Women
	0.14




Figure S2. Distribution of partner numbers at model initiation.

We fit a quadratic equation of the form  to the proportion of men reporting more than one partner (where  is age and  is the proportion of the age group with more than one partner): =-1.0x10-4, =9.9x10-3 and =4.3x10-3. Point estimates were taken at the mid-point of each age category. The proportion of women with more than one partner and the proportion of both sexes with only one partner were obtained from KAIS and not transformed. The point estimates for zero and >1 partners for each age group were subtracted from one to estimate the proportion of individuals with one partner (Figure S2).  Men in a within-household relationship are constrained to have at least one partner.

Table S5. Age- and sex-specific distributions of the number of partners in the last 12 months (KAIS 2012). 

	Age group (years)

	 
	15-
	20-
	25-
	30-
	35-
	40-
	45-
	50-
	55-
	60-
	65-
	70-
	75-
	80-
	≥85

	Proportion with no partners

	M
	0.66
	0.19
	0.1
	0.08
	0.07
	0.09
	0.11
	0.03
	0.09
	0.35
	0.44
	0.52
	0.61
	1
	1

	F
	0.58
	0.16
	0.1
	0.1
	0.14
	0.27
	0.28
	0.34
	0.56
	0.58
	0.43
	0.29
	0.14
	0
	0

	Proportion with two concurrent partners

	M
	0.08
	0.09
	0.10
	0.12
	0.11
	0.12
	0.12
	0.12
	0.11
	0.06
	0
	0
	0
	0
	0

	F
	0.02
	0.05
	0.02
	0.02
	0.02
	0.02
	0.02
	0.07
	0.02
	0
	0
	0
	0
	0
	0



M: male, F: female. KAIS 2012 Nyanza data. Primary data was only available up to age category 60-64 so we linearly interpolated at older ages assuming no individuals had no partners after age 80. We also assumed no concurrency after age 65 years. 

Coital frequency with stable partners can vary month-to-month with a range based on the distribution of data from the South African sites of the Partners in Prevention HSV/HIV Transmission Study: http://depts.washington.edu/uwicrc/research/studies/pip_transmission.html. We assume that coital frequency in Kenya is similar to that observed in the South Africa data. Individuals are randomly allocated into quartiles at the start of the simulation and the number of sex acts each month is sampled randomly from within that category under a uniform distribution (Table S5). All individuals are evaluated in a random order that is re-randomised every time-step, and the coital frequency used that month is the number assigned to whichever partner is evaluated first. We assume all short-term partnerships involve three sex acts per month, also based on the Partners HSV/HIV data and following the assumption made by Hallett et al.1 We assume that one-quarter of women and men aged more than 65 years are sexually active with a maximum of two sex acts per month. All numbers are rounded to the nearest integer. 


Table S6. Coital frequency for long-term partnership (from serodiscordant couples in HSV2/HIV data). 
	Age
	Men
	Women

	
	Q1
	Q2
	Q3
	Q4
	Q1
	Q2
	Q3
	Q4

	<25
	1-3
	3-6
	6-8
	8-14
	0-3
	3-5
	5-10
	10-28

	25-34
	0-3
	3-7
	7-12
	12-20
	0-3
	3-5
	5-8
	8-16

	35-44
	0-3
	3-6
	6-12
	12-15
	0-2
	2-4
	4-8
	8-29

	45-54
	0-1
	1-2
	2-3
	3-8
	0-2
	2-3
	3-4
	4-9

	55-64
	1-2
	2-3
	3-4
	4-5
	1-2
	2-3
	3
	3

	65+
	0
	0
	0
	0-2
	0
	0
	0
	0-2


 

Table S7. Proportion of individuals who used a condom at last sex by HIV and relationship status.

	 
	In a long-term relationship (married or living with partner)
	Not in a long-term relationship (single, divorced or widowed)

	HIV-negative
	0.092
	0.333

	HIV-positive
	0.416
	0.559



KAIS 2012: Condom use data are national because of small numbers in Nyanza-specific estimates.

We assume a ‘take’ pattern of condom use, where individuals either use condoms consistently or not at all. We replicate this joint distribution at model initialization (Table S6) and individuals are reassigned when they test HIV-positive, form or dissolve a long-term partnership. 

Population turnover
The number of new 18 year olds entering the population was estimated using the crude birth rate from 18 prior (in 1998): 37.5/per 1,000 persons per year (Kenya DHS).2 This gave a mean rate of 0.003125 per adult per month; new adults entered the population using Poisson random generation. Background (non-HIV) mortality rates for men and women are the result of fitting an exponential function () to Kenya’s age-specific mortality in 1990, prior to the generalized HIV epidemic,3 similar to analysis performed for South Africa by Hallett et al.1,4 Parameters are (α=0.0006, β=0.0643) for men and (α =0.0005, β =0.066) for women (where y is the mortality rate and x is age). Survival probabilities for each member in a partnership are modeled independently.  



1.3 HIV infection & transmission

Biological parameters
The baseline transmission probability per sex act,, is set at 0.1%5, and different HIV-related cofactors are applied according to each individual’s attributes and behavior. Condom use and male circumcision reduce HIV transmission by 78% and 65% per sex act, respectively.5,6 Coinfections representing HSV2 and other STIs are assumed to increase HIV acquisition by a factor of 3.4 for women and 2.8 for men7 and transmission by a factor of two (HSV2 is associated with an 0.18 increase in log VL8 which equates to approximately 50% increase in infectiousness using 5). STIs are initially distributed by age and sex according to the observed HSV2 prevalence in sub-Saharan Africa and all individuals are subject to an STI incidence rate, which is evaluated every six months (Table S8). 

Table S8. Age-specific STI prevalence and incidence.9,10  

	Age (years)
	Prevalence (%)
	Incidence (per 100py)

	
	Men
	Women
	Men
	Women

	15-19
	9.4
	20.7
	1.83
	3.39

	20-24
	18.5
	34.8
	1.68
	2.25

	25-29
	27.0
	44.7
	1.56
	1.50

	30-34
	34.8
	52.0
	1.44
	1.01

	35-39
	42.0
	56.0
	1.32
	0.66

	40-44
	48.6
	58.4
	1.20
	0.43

	≥45
	53.3
	59.3
	1.08
	0.28



HIV natural history
Once infected with HIV, individuals progress to one of four CD4 cell categories with the probabilities given in Table S9. The CD4 count then progresses through each subsequent category until death. The mean years spent in each CD4 cell count category were derived from Lodi et al 201111 and a pooled-analysis of African observational cohort studies12 by Cori et al. (2014).13 For individuals with CD4 cell counts below 200, the mean years in the category can be interpreted as mean survival time. The infectiousness rate ratio is given relative to an individual with CD4 cell count above 35014 (in Donnell et al., there is no substantial difference between transmission of those with CD4 cell counts 350-500 or 500+ so these categories were combined here).  The baseline CD4 count distribution for HIV+ persons is taken from KAIS 2012 (Table S10)

Table S9. Progression, relative infectivity and duration of CD4 categories.

	
	
	Probability of immediate progression on infection*
	Infectiousness rate ratio
	Mean years in category
	Monthly probability of progression 

	CD4 cell count if not treated

	
	500+
	0.58
	1
	6.37
	0.0130

	
	350-500
	0.23
	1
	2.86
	0.0287

	
	200-350
	0.16
	1.59
	3.54
	0.0233

	
	≤200
	0.03
	4.99
	2.30
	0.0356

	On ART
	N/A
	N/A
	0.08
	Life expectancy same as uninfected
	Age-related, as for uninfected


*Fitted to data in Lodi et al. (2011) by Cori et al. (2014).11,13

Table S10: CD4 distribution at baseline (excluding those on ART) KAIS 2012, Nyanza

	CD4
	Proportion

	<200
	0.1132

	200-350
	0.2963

	350-500
	0.2258

	>500
	0.3647




Male circumcision
As male circumcision coverage is rapidly expanding in Kenya, we estimated an increase in coverage from the 2012 KAIS estimates to 75% (Table S11). We assumed this coverage to be constant over the intervention time period.

Table S11: Coverage of adult voluntary medical male circumcision (Nyanza estimate)

	Year
	Male circumcision coverage
	 Reference

	2012
	0.66
	Kenya AIDS Indicator Survey15

	2016
	0.75
	Estimate






Model fitting
Age- and sex-specific prevalence in the model was manually fitted to the pattern of prevalence observed in Nyanza (KAIS 2012) (Table S3).16,17 For each sex and age group, the baseline transmission probability per sex act  was multiplied by a fitting cofactor, . This cofactor is intended to represent all age- and sex-related differences in incidence as well as accounting for any misreporting of behavioral factors in the study data.

Table S12. Age-specific HIV fitting cofactor.16,17  

	Age (years)
	Fitting cofactor,

	
	Females
	Males

	18-19
	0.08
	0.08

	20-24
	0.72
	0.09

	25-29
	0.65
	0.4

	30-34
	0.47
	1.15

	35-39
	0.16
	0.3

	40-44
	0.05
	0.15

	45-49
	0.12
	0.16

	50-55
	0.12
	0.19

	≥55
	0.10
	0.12















1.4 Background: HIV testing, linkage to care and ART initiation

Background care cascade overview 
All individuals may progress through a background care cascade comprising facility-based HIV testing, linkage to care and ART initiation regardless of whether or not they have been exposed to the aPS intervention (Figure S3). Progression rates between these stages are given in the form of a monthly probability of progression from one state to another. These are based KAIS Nyanza data on the coverage of HIV testing, pre-ART clinic visit and ART (Tables S13-14).



Figure S3. Treatment cascade in status quo scenario.

[image: ]

HIV testing
The background coverage of HIV testing is specific to sex, age and infection status and is derived from KAIS (Table S13). This is used in the ‘status quo’ scenario, as well as during non-intervention years and for individuals who have not received the intervention in the aPS scenario. The observed coverage of having ever tested for HIV at baseline is multiplied by the proportion of those tested whose test was in the preceding year to estimate the proportion of individuals who test in one year. The monthly probability of HIV testing is then estimated using equation (eq.) 1. This method assumes that background HIV testing rates do not change over time and that all infected individuals will eventually get tested, unless they die first. Proportion ever tested was estimated from KAIS (Nyanza Province). However, KAIS data for tested in the last year was estimated from national KAIS data due to small numbers for HIV-positive individuals in Nyanza Province. We assumed testing coverage in HIV positive persons with CD4 count>200 cells/uL was the same as uninfected persons as there was no difference in testing rates in KAIS. There was a small increase (1.2-1.5%) in probability of HIV testing in HIV-positive persons who were not linked to ART in KAIS. This is reflected in the increased probability in testing in the last year for HIV-positive individuals with CD4 count <200 cells/uL.
	
		(eq. 1)

Table S13. HIV testing parameters by age, sex and HIV status. 
	Age group (j)
	Women (i=1)
	Men (i=2)

	
	Uninfected (k=1)
	CD4 >200 (k=2)
	CD4 ≤200 (k=3)
	Uninfected (k=1)
	CD4 >200 (k=2)
	CD4 ≤200 (k=3)

	 
	KAIS data: HIV testing coverage (prop. ever tested)  

	18-19
	0.605
	0.605
	0.612
	0.489
	0.489
	0.520

	20-24
	0.735
	0.735
	0.743
	0.665
	0.665
	0.696

	25-29
	0.701
	0.701
	0.709
	0.629
	0.629
	0.660

	30-34
	0.699
	0.699
	0.706
	0.602
	0.602
	0.633

	35-39
	0.661
	0.661
	0.669
	0.560
	0.560
	0.591

	40-44
	0.561
	0.561
	0.568
	0.460
	0.460
	0.490

	45+
	0.616
	0.616
	0.623
	0.527
	0.527
	0.558

	 
	KAIS data: HIV testing coverage (prop. tested in the last 11 months) of those who ever tested

	18-19
	0.555
	0.555
	0.565
	0.444
	0.444
	0.456

	20-24
	0.529
	0.529
	0.538
	0.497
	0.497
	0.509

	25-29
	0.449
	0.449
	0.459
	0.495
	0.495
	0.507

	30-34
	0.400
	0.400
	0.410
	0.428
	0.428
	0.440

	35-39
	0.425
	0.425
	0.435
	0.417
	0.417
	0.429

	40-44
	0.375
	0.375
	0.384
	0.371
	0.371
	0.383

	45+
	0.367
	0.367
	0.377
	0.379
	0.379
	0.391

	 
	Model: per month probability of HIV test

	18-19
	0.027
	0.027
	0.028
	0.017
	0.017
	0.019

	20-24
	0.031
	0.031
	0.032
	0.026
	0.026
	0.028

	25-29
	0.025
	0.025
	0.026
	0.025
	0.025
	0.027

	30-34
	0.022
	0.022
	0.023
	0.021
	0.021
	0.022

	35-39
	0.022
	0.022
	0.023
	0.019
	0.019
	0.020

	40-44
	0.017
	0.017
	0.017
	0.014
	0.014
	0.015

	45+
	0.018
	0.018
	0.019
	0.016
	0.016
	0.017


Clinic visit and ART initiation
Since KAIS data reports number of persons who have visited a clinic and linked to ART by CD4 count at the time of the survey and not CD4 count at the time of linkage, we assumed that those who were on ART for less than one year had started treatment at their current CD4 counts. For persons with current CD4 counts of >500 cells/uL or 351-500 cells/uL who had been on ART for more than one year, we assumed that they linked while in the next lowest CD4 count category (351-500 and 201-350, respectively). We also assume that individuals must visit the clinic and incur pre-ART costs before ART initiation can take place.  
 
After initiation, ART takes three months to reach full efficacy and infectiousness decays exponentially over this period to reach an overall reduction in infectivity of 96%.18 Mortality on ART varies by the CD4 cell count at initiation and by the time since initiation (Table S12).19-21

Table S14. Combined probability of clinic visit and ART initiation for HIV-positive individuals by CD4 count, after HIV test 
	 
	CD4 category

	 
	>500
	351-500
	201-350
	≤200

	ART initiation
	0.24
	0.31
	0.80
	0.87

	Model: per-month probability of ART initiation for HIV-positive individual

	 
	0.0191
	0.0251
	0.0642
	0.0693









 
Drop-out from an ART program is fixed at 10% per year in the first year of treatment and 5% per year thereafter for individuals who initiate ART through the background care cascade or after aPS intervention. Following ART drop-out, we assume that an individual’s CD4 count reverts to its category prior to initiation.  

1.5 Intervention: Partner Notification Services
The assisted partner services (aPS) intervention acts to strengthen the HIV care cascade via an immediate HIV test for all eligible and consenting adults. Probabilities of linkage to care and ART uptake remain the same as the background rates after HIV testing, as was seen in the aPS randomized clinical trial. The intervention is implemented continuously over the ten-year model run. All eligible and consenting adults receive an immediate HIV test unless they are already on ART. 

We obtained the probabilities of an index case consenting to the APS intervention from the aPS randomized trial (Nyanza region). We assumed expanded eligibility criteria (e.g. pregnancy status and distance from clinic were no longer reasons for exclusion from aPS). The probability of index partner acceptance of the intervention did not differ by sex, but the probability of sexual partner acceptance of aPS did vary by sex and knowledge of HIV status, so the probabilities were stratified accordingly (Table S16-18).
Table S16. Probability of newly diagnosed index case consenting to APS intervention

	
	Probability

	Index case
	0.71







Table S17. Combined probability of consent to HIV testing and knowledge of HIV test result of those who do not already know that they are HIV-positive.

	Sexual partner listed by index
	Probability 

	Women
	0.68

	Men
	0.57


Uptake is increased to account for proportion migrating.

Table S18. Combined probability of consent to HIV testing and knowledge of HIV test result of those who already know that they are HIV-positive

	Sexual partner listed by index
	Probability 

	Men and women
	0.06



Linkage to care following aPS intervention
Following the intervention, 60.3% of HIV-positive individuals who were not previously linked to care had visited a clinic within 6 weeks after APS compared to 66.7% background linkage (the numbers are small so there may be no difference between background and intervention linkage rates after testing. Clinic attendance following aPS was not associated with sex or age (although numbers are small). 
1.6 Quantifying health states

Disability-adjusted life years (DALYs) are attached to each HIV-related health state and these are summed over all individuals for the duration of the model runtime. 

Table S19. Disability weights for health states in the model.
	Status
	Disability weight

	Uninfected
	0

	HIV infected: CD4 cell count 500+
	0.078

	HIV infected: CD4 cell count 350-500
	0.078

	HIV infected: CD4 cell count 200-350
	0.274

	HIV infected: CD4 cell count ≤200
	0.582

	On ART: First year, CD4 at initiation >200
	0.078

	On ART: First year, CD4 at initiation ≤200
	0.078

	On ART: Subsequent years
	0.078

	Deceased
	1



DALYs: AIDS cases, receiving ARV treatment, from Salomon et al. (2015).22 No category in GBD classification for infected with CD4 >350, assumed the same as HIV-positive on ART.23

1.7 Cost estimates

[bookmark: _Hlk494094877][bookmark: _Hlk485126119]We conducted a microcosting using an ingredients-based approach. We estimated costs from the payer perspective, i.e. all costs incurred by the Ministry of Health. Costs were collected onsite in June 2014 in Nyanza Province, Kenya from the Assisted Partner Services study, a community randomized trial of community-based partner notification and HIV counseling and testing. Time and motion observation of the intervention was conducted to determine staff time and resource utilization per partner tested and to facilitate removal of research time and costs to estimate program costs. Time and motion observation was conducted by the author (MS) who observed all staff activities (index case enrollment, partner phone tracing, field visits to partners’ homes to conduct aPS, staff meetings) over two weeks. Time needed to conduct each activity was recorded and time used to conduct research related tasks were removed (e.g. administering informed consent, distributing reimbursements) to estimate time needed to administer the intervention from the Ministry of Health perspective. We observed that partner notification and HIV counseling and testing takes approximately 40 minutes per HIV- partner and 60 minutes per HIV-positive partner tested.  After accounting for travel time, follow-ups, unsuccessful attempts to track partners, paperwork, and other staff responsibilities, we estimated that a health advisor would test 2 HIV- persons per day or 1.85 HIV-positive persons per day (with the average number tested changing depending on HIV prevalence). For the task shifting scenario, we assumed 25% lower efficiency. We assumed a program of 12 health advisors (or community care workers in the task shifting scenario). Staff were assumed to work 7 hours per day, 215 days per year after accounting for national holidays, sick days, and paid vacations. For example, assuming 20% HIV positivity in aPS partners, we estimate each health advisor would test 424 partners per year. With task-shifting to community health workers, (assuming 25% lower productivity), we estimate 317 partner can be tested per health worker. Total program costs were divided by the number of persons tested by HIV status under each scenario to determine the cost per person tested. Supply costs per person tested included gloves, HIV screening test kit, lancet, cotton balls, and alcohol swabs. Additional supplies for HIV+ persons tested included confirmatory test, and tie breaker test (assumed to be used in 5% of all HIV+ cases). Supply wastage was assumed to be 5%. We assumed that 20% of sexual partners underwent couples HIV testing and incurred additional HIV test supply costs. Costs of supplies and equipment utilized by the intervention were obtained from expense reports. HIV testing kits and staff salaries were replaced by government tender costs to more accurately estimate costs of the intervention if scaled up by the Ministry of Health instead of a research intervention. Transport costs were obtained through travel logs. Start-up time costs (e.g. time spent interviewing, hiring and training new staff) were obtained through interviews with HR and supervisors responsible for start-up activities.

Cost conversion example:

Costs were converted from US dollars to local currency units and then inflated using the ratio of the GDP deflators. Source for currency conversions and GDP deflators was the World Bank Indicators: http://data.worldbank.org/indicator/PA.NUS.FCRF?page=1. 
For example, for a facility-based HIV testing cost from a Kenyan study of $8.82 in 2009 USD, we used the 2009 Kenyan Schilling to USD exchange rate (67.32) to convert to local currency, then multiplied by the ratio of the 2014/2009 Kenyan GDP deflators (139.7/77.8) to account for inflation, then converted to 2014 USD using the currency conversion in 2014 (87.92):
(8.82*67.32/(139.7/77.8))/87.92=$14.58
1.7 aPS intervention 

[bookmark: _Hlk485125850]The aPS study (ClinicalTrials.gov NCT01616420) was a cluster randomized controlled trial that recruited adults (18 years and older) with newly or recently diagnosed HIV without a recent history of intimate partner violence, who were not currently pregnant and lived within a 50 km radius of the clinic. The study was conducted in 18 healthcare clinics in Kenya. Sites were randomly assigned (1:1) to immediate versus delayed assisted partner services (aPS). The delayed arm served as the control or ‘status quo’. Consented and enrolled participants (index cases) were interviewed to collecgt demographic information, HIV testing history, sexual behavior, and contact information for sexual partners in the past 3 years (names, phone numbers, and address). In both study groups (delayed and immediate aPS), staff encouraged index participants to notify their sex partners of their HIV-positive status (standard of care in Kenya). In the immediate aPS arm, staff immediately initiated confidential efforts to contact sex partners, notify them of their potential HIV exposure, and offer HIV testing. The majority of partners chose to test at home but other venues included workplaces or other private venues. Staff made three attempts to contact partners by telephone. If unsuccessful, they attempted to conduct home visits. In the delayed arm, aPS was conducted 6 weeks after study enrollment. Trial results showed that partner HIV testing within 6 weeks following index diagnosis was higher in aPS intervention compared to delayed arm (41% vs. 9%), with similar linkage to care after a positive HIV test (60% in aPS and 67% in delayed arm).(15) Most partners in the intervention arm chose to test at home, highlighting the importance of home-based testing options.
In the immediate aPS arm, study staff called sexual partners to inform them that they may have been exposed to HIV and to offer HIV testing. The control arm was provided the aPS intervention after a 6-week delay.

[bookmark: _Hlk486263976]2. Model calibration and validation
The model was run for a 3-year burn-in period until HIV dynamics stabilized. Figure S4 compares the mean HIV prevalence over projected by the model in 2012 to KAIS 2012 survey data from Nyanza Province.16 The predicted age-specific pattern in the model closely matches the observed data. 

Figure S4. Model HIV prevalence
Age-specific prevalence over ten years with ART initiation at ≤500 CD4 cells mm-3. Solid lines and error bars show the prevalence with 95% confidence interval (CI) reported in KAIS 2012. Dashed lines and block colors show the median and 90% variability in model outputs.
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Model validation.
Figure S5. Age and sex distribution at model initiation.
[image: C:\Users\msharma1.NETID\Dropbox\APS\Model age distribution.jpg]

Figure S6. Model age specific incidence at CD4 all
[image: C:\Users\msharma1.NETID\Dropbox\APS\age spec HIV inc NEW.jpg]
Figure S7. Model incidence over ten years at CD4 all
[image: C:\Users\msharma1.NETID\Dropbox\APS\Incidence over time NEW.jpg]


Figure S8. CD4 category distribution over ten years with no intervention and ART eligibility at CD4 all
[image: C:\Users\msharma1.NETID\Dropbox\APS\prop CD4 in each category NEW.jpg]

Figure S9. Source of HIV transmissions over ten years by CD4 category with ART eligibility at 
CD4 all
 [image: C:\Users\msharma1.NETID\Dropbox\APS\transmission by cd4 NEW.jpg]

Figure S10. Source of HIV transmissions over ten years by partnership type with ART eligibility at CD4 all

[image: C:\Users\msharma1.NETID\Dropbox\APS\transmission by relationship NEW.jpg]

Figure S11. HIV test coverage over time at CD4 all. 

[image: C:\Users\msharma1.NETID\Dropbox\APS\HIV test coverage NEW.jpg]
Figure S12. ART coverage over time at CD4 all.
[image: C:\Users\msharma1.NETID\Dropbox\APS\ART coverage 7 21.jpg]

3. Additional results

Table S20: Impact of varying HIV-related healthcare costs on ICERS§

	[bookmark: _Toc457584242] 
	Base case
	ART initiation cost
	Health care use              (HIV+ not in care)
	ART provision cost
(per ppy)
	Conservative scenario*
	Reduced ART provision costs
($80 ppy)

	 
	
	50% lower
	2 times higher
	50% lower
	2 times higher
	50% lower
	2 times higher
	
	

	ICER program scenario 
	$1,094 
	$1,088 
	$1,105 
	$1,118 
	$1,047 
	$806 
	$1,681 
	$1,715 
	$729 

	($/DALY averted)
	($823-1,619)
	($818-1,611)
	($831-1,635)
	($841-1,654)
	($787-1,548)
	($607-1,208)
	($1,270-2,466)
	($1,297-2,514)
	($555-1,096)

	Percent of program ICERS under Kenya's per capita GDP
	80%
	80%
	78%
	78%
	85%
	94%
	18%
	15%
	96%

	ICER task shifting scenario            ($/DALY averted)
	$833 
	$828 
	$845 
	$856 
	$787 
	$538 
	$1,413 
	$1,448 
	$468 

	
	($628-1,224)
	($623-1,217)
	($637-1,240)
	($646-1,257)
	($591-1,160)
	($406-796)
	(1,067-2,092)
	($1,093-2,139)
	($351-692)

	Percent of task-shifting ICERS under Kenya's per capita GDP
	93%
	93%
	93%
	93%
	95%
	98%
	44%
	37%
	99%


§ICER: Incremental cost-effectiveness ratio. Base-case refers to scenario with universal ART initiation threshold. Strategies in bold fall under the cost-effectiveness threshold of Kenya’s GDP per capita ($1,368). *ART initiation costs and ART provision costs were doubled while costs of health care use (HIV+ not in care) were halved.


Table S21: Health and economic impact of the aPS intervention under varying ART initiation§
	 
	CD4<350
	CD4<500
	CD4 all

	Percent of population receiving APS
	13.2%
	12.9%
	12.5%

	Health impacts (total population)

	HIV infections averted 
	3.8%
	3.8%
	3.7%

	
	(1.8-5.6%)
	(2.0-5.5%)
	(1.9-5.6)

	HIV-related deaths averted
	2.5%
	2.6%
	2.6%

	
	(1.7-3.5)
	(1.5-3.5%)
	(1.6-3.6%)

	DALYs averted
	1.4%
	1.4%
	1.4%

	
	(0.1-1.9%)
	(0.1-2.0%)
	(0.1-2.0)

	Health impacts (among aPS partners only)

	HIV infections averted 
	2.1%
	2.4%
	2.6%

	
	(-1.0-5.1%)
	(-1.0-5.4%)
	(-1.3-6.0%)

	HIV-related deaths averted
	11.0%
	12.6%
	13.7%

	
	(7.6-13.9%)
	(9.7-15.5%)
	(10.5-16.3%)

	DALYs averted
	7.1%
	8.0%
	8.9%

	
	(4.8-9.0%)
	(5.9-10.1%)
	(6.7-10.9%)

	5-year incremental aPS intervention costs (per 500,000 adults)

	Program scenario (millions)
	4.6
	4.2
	3.5

	
	(4.3-4.9)
	(4.0-4.6)
	(3.2-3.8)

	Task-shifting scenario (millions)
	3.5
	3.2
	2.5

	
	(3.2-3.8)
	(2.9-3.5)
	(2.2-2.8)

	Cost-effectiveness¥

	ICER program scenario 
	$1,269 
	$1,230 
	$1,094 

	($/DALY averted)
	($947-1,814)
	($951-1,870)
	($823-1,619)

	Percent of program ICERS under Kenya's per capita GDP
	60%
	66%
	80%

	ICER task shifting scenario            ($/DALY averted)
	$1,015 
	$966 
	$833 

	
	($754-1,438)
	($752-1,471)
	($628-1,224)

	Percent of task-shifting ICERS under Kenya's per capita GDP
	87%
	86%
	93%


§ Results shown for 3 different ART initiation thresholds: ≤350 cells/uL, ≤500 cells/uL, and all HIV-positive persons. Values in parentheses represent 90% model variability across 200 simulations. Strategies in bold fall under the cost-effectiveness threshold of Kenya’s GDP per capita ($1,368). ¥Costs and DALYs are discounted at 3% annually. Costs in 2014 USD.   



Table S22: Sensitivity analyses: Double partner concurrency rates*
	 
	CD4 all

	Percent of population receiving APS
	13.2%

	Health impacts (total population)

	HIV infections averted 
	3.9%

	
	(2.0-5.7)

	HIV-related deaths averted
	2.6%

	
	(1.6-3.6%)

	DALYs averted
	1.4%

	
	(0.7-2.1)

	Health impacts (among aPS partners only)

	HIV infections averted 
	2.7%

	
	(-0.9-6.2%)

	HIV-related deaths averted
	13.5%

	
	(10.7-16.6%)

	DALYs averted
	8.8%

	
	(6.7-11.0%)

	5-year incremental aPS intervention costs (per 500,000 adults)

	Program scenario (millions)
	3.34

	
	(3.6-4.0)

	Task-shifting scenario (millions)
	2.54

	
	(2.3-2.9)

	Cost-effectiveness¥

	ICER program scenario 
	$1,078 

	($/DALY averted)
	($812-1,864)

	Percent of program ICERS under Kenya's per capita GDP
	78%

	ICER task shifting scenario            ($/DALY averted)
	$806 

	
	($608-1,399)

	Percent of task-shifting ICERS under Kenya's per capita GDP
	89%



*Values in parentheses represent 90% model variability across 200 simulations. Strategies in bold fall under the cost-effectiveness threshold of Kenya’s GDP per capita ($1,368). ¥Costs and DALYs are discounted at 3% annually. Costs in 2014 USD.   






Table S23: Sensitivity analyses: 50% lower linkage to ART after positive HIV Test*

	 
	CD4 all

	Percent of population receiving APS
	12.9%

	Health impacts (total population)

	HIV infections averted 
	2.4%

	
	(0.1-4.2)

	HIV-related deaths averted
	2.0%

	
	(1.2-2.8%)

	DALYs averted
	1.1%

	
	(0.4-1.6)

	Health impacts (among aPS partners only)

	HIV infections averted 
	0.7%

	
	(-2.9-4.0%)

	HIV-related deaths averted
	6.4%

	
	(3.6-8.9%)

	DALYs averted
	3.5%

	
	(1.5-5.7%)

	5-year incremental aPS intervention costs (per 500,000 adults)

	Program scenario (millions)
	3.1

	
	(2.8-3.4)

	Task-shifting scenario (millions)
	2.0

	
	(1.7-2.3)

	Cost-effectiveness¥

	ICER program scenario 
	$1,121 

	($/DALY averted)
	($790-2,102)

	Percent of program ICERS under Kenya's per capita GDP
	72%

	ICER task shifting scenario            ($/DALY averted)
	$803 

	
	($567-1,503)

	Percent of task-shifting ICERS under Kenya's per capita GDP
	87%



*Values in parentheses represent 90% model variability across 200 simulations. Strategies in bold fall under the cost-effectiveness threshold of Kenya’s GDP per capita ($1,368). ¥Costs and DALYs are discounted at 3% annually. Costs in 2014 USD.   


Table S24: Sensitivity analyses: 25% lower background HIV testing rates*

	
	CD4 all

	Percent of population receiving APS
	10.2%

	Health impacts (total population)

	HIV infections averted 
	3.4%

	
	(0.1-5.4)

	HIV-related deaths averted
	2.7%

	
	(1.8-3.6%)

	DALYs averted
	1.4%

	
	(0.4-2.0)

	Health impacts (among aPS partners only)

	HIV infections averted 
	2.0%

	
	(-2.2-5.6%)

	HIV-related deaths averted
	17.3%

	
	(14.7-20.1%)

	DALYs averted
	11.2%

	
	(8.9-13.8%)

	5-year incremental aPS intervention costs (per 500,000 adults)

	Program scenario (millions)
	3.0

	
	(2.7-3.2)

	Task-shifting scenario (millions)
	2.2

	
	(1.9-2.5)

	Cost-effectiveness¥

	ICER program scenario 
	$937 

	($/DALY averted)
	($709-1,408)

	Percent of program ICERS under Kenya's per capita GDP
	89%

	ICER task shifting scenario            ($/DALY averted)
	$729 

	
	($556-1,084)

	Percent of task-shifting ICERS under Kenya's per capita GDP
	95%



*Values in parentheses represent 90% model variability across 200 simulations. Strategies in bold fall under the cost-effectiveness threshold of Kenya’s GDP per capita ($1,368). ¥Costs and DALYs are discounted at 3% annually. Costs in 2014 USD.   

[bookmark: _GoBack]Table S25: Sensitivity analyses: 25% lower aPS acceptance rates in sexual partners*

	 
	CD4 all

	Percent of population receiving APS
	10.0%

	Health impacts (total population)

	HIV infections averted 
	2.9%

	
	(0.9-4.7)

	HIV-related deaths averted
	2.1%

	
	(1.0-3.1%)

	DALYs averted
	1.1%

	
	(0.5-1.8)

	Health impacts (among aPS partners only)

	HIV infections averted 
	1.7%

	
	(-2.1-5.9%)

	HIV-related deaths averted
	14.2%

	
	(10.8-17.3%)

	DALYs averted
	9.6%

	
	(6.9-11.9%)

	5-year incremental aPS intervention costs (per 500,000 adults)

	Program scenario (millions)
	2.7

	
	(2.4-3.0)

	Task-shifting scenario (millions)
	1.8

	
	(1.6-2.2)

	Cost-effectiveness 

	ICER program scenario 
	$1,082 

	($/DALY averted)
	($727-2,006)

	Percent of program ICERS under Kenya's per capita GDP
	71%

	ICER task shifting scenario            ($/DALY averted)
	$826 

	
	($557-1,504)

	Percent of task-shifting ICERS under Kenya's per capita GDP
	86%



*Values in parentheses represent 90% model variability across 200 simulations. Strategies in bold fall under the cost-effectiveness threshold of Kenya’s GDP per capita ($1,368). ¥Costs and DALYs are discounted at 3% annually. Costs in 2014 USD.   



Ethical considerations:

The health benefits of aPS include identifying and testing partners at high risk of HIV infection and linking them to care, which can prevent morbidity, mortality, and onward transmission. Providers have an ethical duty to provide this information to at-risk sexual partners. However, providers must balance their duty to warn individuals of their exposure with the right to privacy of the index partner. This can best be achieved through cooperation with the index patient, who retains control over the ability to provide names and contact information of sexual partners. Providers should make every effort to maintain anonymity of the index case while conducting partner notification.24 Confidentiality is particularly a concern with notification for HIV as it is heavily stigmatized. Eliciting partner names should never involve coercion. Currently partner notification services are implemented by state and local health programs in all 50 states in the US as an essential component of STD services. Similarly, aPS is conducted in many developed countries. A meta-analysis found that partner notification for HIV had high acceptability among index partners and was associated with few negative events.25 

Based on the success of recent trials, the WHO now recommends scale up of aPS in developing countries. Growing evidence from SSA have not found an association between aPS and social harms, supporting the conclusion that partner notification is safe and effective for reaching HIV-exposed partners.26-28 Another trial of partner notification conducted in Mozambique utilized task shifting to community health workers instead of healthcare professionals and found no increase in adverse events associated with using lower cadre workers.29 Finally, a sub-analysis of the Kenya assisted partner services study found rates of partner violence were similar in control and intervention arms and a history of intimate partner violence did not decrease the safety of aPS.30  However, as aPS is scaled up in SSA it should be monitored for effectiveness (linkage to care and prevention) and social harms to ensure the benefits of the intervention continue to outweigh the risks.
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