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Additional Methods

Mathematical model
To examine the potential impact of community-based TB/HIV screening and linkage to care over a 10-year period, we extended our previous model of TB and HIV transmission in a rural area of South Africa1 to include healthcare costs and years of life saved. We additionally updated the model parameters to reflect the most current data for TB and HIV incidence and treatment coverage.2,3 We modeled drug-sensitive TB, MDR-TB, and XDR-TB, including acquired and amplified drug resistance, self-cure, strain fitness, exogenous re-infection, and mortality,4 and parameterized our model using data from clinical and epidemiological studies (Tables I and II). 
In line with other models of TB infection,5 latent infections are stratified into rapid or slower progression. Individuals progress from latent infection to active infectious or non-infectious TB disease. Non-infectious individuals can become infectious over time,6,7 and consistent with clinical studies, a small percentage of smear-negative patients are categorized as infectious.8 The effectiveness of TB treatment is determined by drug efficacy, adherence, and default.9 Individuals who receive effective treatment recover from active disease, while individuals who are ineffectively treated remain infectious and are at risk for acquired or amplified resistance.10 A small proportion of patients with active TB or ineffective treatment may also self-cure and return to a latently infected state.11 Patients who successfully complete treatment and recover may relapse to active disease.11 Both recovered and latently infected individuals can be exogenously re-infected with drug-sensitive or resistant TB, contingent upon partial immunity and the time-dependent risk of infection.12 
We modeled the early and late stages of HIV disease, mortality, and prevalence-dependent behavior change, as well as ART initiation and default. HIV-negative individuals can become infected with HIV at a rate proportional to the prevalence of HIV in the population.2,13 Consistent with clinical recommendations in 2015, HIV-infected individuals with CD4+ cell count below 500 cells per milliliter are eligible to initiate ART,14 but only a proportion of actually begin ART.2,13 HIV-infected individuals who are co-infected with active TB may also start ART, regardless of CD4+ cell count.14
We take into account both the effect of HIV and ART on TB disease, as well as TB disease on HIV pathogenesis, such that disease progression and mortality rates depend on whether an individual is co-infected.15 Overall, HIV infection increases the likelihood of progression to primary active disease in those infected with TB, the rate at latent infection reactivates to active disease, and mortality from TB disease.16 Infection with HIV also reduces the efficacy of TB treatment, as well as partial immunity to superinfection or reinfection with another TB strain.16 Similarly, active TB disease decreases CD4+ cell counts, speeds up progression to AIDS, and increases mortality.15,17 These exacerbations between TB and HIV are mitigated by ART.18-20

Intervention Strategies
	We compared the impact of community-based TB/HIV screening and linkage to care over a 10-year time horizon on the disease incidence, mortality, and healthcare costs arising from drug-sensitive TB, MDR-TB, XDR-TB and HIV. Specifically, we compared a total of eight mutually exclusive strategies (Table 1).

Status quo TB and HIV detection and treatment
We evaluated the effectiveness of community-based TB/HIV screening and linkage to care relative to status quo TB and HIV control currently implemented in rural South Africa. In the baseline scenario, individuals with TB and/or HIV symptoms self-present to a healthcare facility for symptom detection (e.g. cough lasting longer than two weeks, fever, night sweats, and/or weight loss), Xpert MTB/RIF (a newer, fully automated, cartridge-based technology to rapidly diagnose both TB disease and rifampicin resistance), sputum smear, and/or chest x-ray. We assume the status quo TB case detection rate to be 72.5%.2 The bacteriologic coverage (i.e. the percentage of suspected TB patients who receive microbiologic testing) for KwaZulu-Natal is estimated to be 80%.21 Per South African treatment guidelines,22 patients identified as having rifampicin-sensitive active TB disease through Xpert, as well as patients who do not receive microbiologic testing but are suspected of having active TB disease, are enrolled in first-line therapy (the administration of four oral antibiotics for two months and two antibiotics for at least an additional four months). Any TB patients remaining symptomatic and/or smear positive after two to three months of first-line therapy are suspected of TB drug resistance, then assessed by culture and drug susceptibility testing (DST).23 Although culture is the gold standard for diagnosis of active pulmonary TB disease, it can require over three months to receive the results of culture combined with DST.24,25 Patients who have MDR or XDR-TB confirmed are then started on second-line therapy for at least 24 months. Patients who are initially identified through Xpert as having rifampicin-resistant active TB disease are also started on second-line therapy while awaiting confirmation by DST. Current second-line TB treatment guidelines recommend home-based treatment for MDR-TB management whenever possible, where patients are visited by a nurse for the administration of injectable drugs and supervision of oral medications over a 24-month period.26 XDR-TB patients are hospitalized for at least the intensive phase of their treatment.23,26
Following HIV diagnosis, individuals are referred to an HIV clinic to receive a CD4+ cell count to determine their eligibility for ART, but it is estimated that 15% to 45% of patients do not follow-up for this evaluation.27,28 Of those who are determined to be ART-eligible (CD4+ cell count ≤ 500), only around half start treatment,28,29 and about 25% of those individuals default within three years.30 We assume the current coverage of ART and IPT to be 52%.31-33 While the current South African guidelines recommend ART for individuals with a CD4+ cell count below 500 cells per milliliter, we additionally considered the scenario where all HIV-infected individuals were eligible for ART, regardless of CD4+ cell count, as has recently been demonstrated to be effective at reducing overall HIV incidence in a population.32,33
The South African Department of Health recommends 36 months of IPT for TST positive individuals and 12 months for TST negative or unknown individuals (from hereon forth abbreviated as 36/12 months)27,34,35 to treat latent infection and prevent progression to active TB.36 IPT is typically initiated simultaneously with ART.37,38 We additionally considered the scenario where IPT was given to HIV-positive individuals for the entire duration of their lives, as has been recently recommended by the WHO.39 We assumed individuals treated with IPT and adherent to treatment were protected from infection with or latent reactivation of drug-susceptible TB for the duration of the IPT, dependent on treatment efficacy (22–100%) and patient adherence (21–87%), and that IPT does not prevent the reactivation or transmission of drug resistant TB.6,35,40 For the status quo scenario, we additionally assumed that only patients who initiated ART received IPT, as is currently implemented in South Africa,38 and that all patients on ART receive IPT. Upon IPT completion, individuals return to baseline relative risk of slower TB reactivation and infection.34

Community-based TB/HIV screening and linkage to care
We model a community-based TB/HIV screening and linkage to care program that combines HIV testing and counseling with TB testing.1 TB/HIV screening is offered and administered to any individuals within the community who accept TB or HIV testing, with acceptance rates between 70% and 100%.41,42 As the first step in this community-based intervention, a questionnaire is used to screen individuals for TB symptoms (sensitivity of 69–79%).43,44 Sputum is then collected from symptomatic individuals for Xpert, culture, and DST (sensitivity of 68–100%).25 Individuals diagnosed by Xpert and/or culture are linked to the appropriate first- or second-line TB treatment, with 85% of individuals starting treatment.45,46 Currently Xpert technology can only detect rifampicin resistance, and thus XDR-TB diagnoses can only be made after waiting two months for the DST results. We additionally considered the scenario where Xpert could detect resistance to second-line drugs and therefore be used to rapidly diagnose XDR-TB. Individuals are also given a rapid HIV antibody test (sensitivity of 98.2–100%).47 Those who test positive have their result confirmed by a second rapid HIV test, and then have a point-of-care CD4+ cell count performed to immediately determine their ART eligibility status. If eligible, patients are linked to their local ART clinic for ARV treatment and IPT initiation, with approximately 31% of individuals identified as eligible initiating ART and IPT.41,42 We assume individuals with a CD4+ cell count less than 500 cells per milliliter to be eligible for ART, as has been recommended by South African ART guidelines.48 We additionally considered the scenario where all HIV-infected individuals were eligible for ART, irrespective of CD4+ cell count.32,33 
Individuals not yet eligible for ART (with a CD4+ cell count greater than 500 cells per milliliter) are linked to their local ART clinic for IPT, as well as regular CD4+ cell count monitoring.41,42 We considered two different approaches to IPT administration: a) 36/12 months of IPT, reflecting current South African guidelines for IPT administration; and b) lifetime IPT for all HIV patients, reflecting recent changes to WHO recommendations and findings that lifetime IPT may greatly reduce TB burden.39,49
The WHO states that there is not sufficient evidence to conclude that IPT administration increases MDR-TB incidence via the generation of isoniazid mono-resistance,39 so we assume that neither status quo IPT nor an increase in IPT coverage via the TB/HIV screening intervention will increase the incidence of MDR-TB. However, some predictions have been made that isoniazid mono-resistance may become highly prevalent after 50 or more years of IPT, thus increasing the burden of MDR and/or XDR-TB.6,50 Although the time horizon for our analysis is only 10 years, in a sensitivity analysis we also consider the “worst case” scenario whereby the community-based TB/HIV screening immediately causes 100% of the modeled population to become resistant to isoniazid, thus decreasing the efficacy of first-line TB treatment from 77% to 65% and increasing the probability that first-line treatment failures acquire MDR-TB from 3.8% to 61%.51 While this worst case scenario is unrealistically pessimistic, and thus is not proposed as a likely possibility, it provides an upper bound on any potential increases in MDR- and XDR-TB incidence and thus on the costs that could arise from expanding IPT coverage.
Each modeled TB/HIV screening team consists of a professional nurse, two field health workers, and three counselors who screen between 1,800 and 4,800 individuals annually at community sites,1 costing between $61.83 and $23.18 per person screened, including the cost of a TB symptom questionnaire and rapid HIV test. We conservatively assume $61.83 per person screened as our base case cost, but vary the screening cost in the sensitivity analysis. In some settings, trained community health workers have been comparably effective at testing and linking individuals to HIV care as counselors, totaling as little as $6 per person screened.41 In the sensitivity analysis, we additionally vary the rates of linkage to care to reflect any differences that might arise in other settings. The South African Department of Health aims to screen all individuals for TB once per year,22 which we incorporate as the base case, but also consider screening frequencies of once every two years, once every year, and once every six months.

Health outcomes and costs
We considered the lifetime costs of TB and HIV detection and treatment among 90,000 adults in a rural South African setting. We performed the analysis over a 10-year time horizon from the perspective of the South African Department of Health, which is typically responsible for all medical costs in rural settings. Health burden was estimated with regard to the number of life years saved by an intervention strategy over the course of the lifetimes of the individuals in the population modeled. Costs and life years were discounted at an annual rate of 3%, following WHO guidelines.52 Costs were presented in 2015 US dollars (US$).

Cost-effectiveness
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]We calculated the incremental cost-effectiveness ratio (ICER) of the community-based TB/HIV screening and linkage to treatment strategies detailed above. The ICER of each strategy measures the additional cost per life year saved as the frequency of TB/HIV screening and/or the duration of IPT is increased. In accordance with WHO guidelines, we classified an intervention strategy as “very cost-effective” if its incremental cost-effectiveness ratio (ICER) was less than the South African per capita GDP in 2015 ($6,618) and as “cost-effective” if the ICER was less than three times the per capita GDP ($19,854).52,53 Strategies with ICERs below the threshold for cost-effectiveness can be considered to be preferred or “economically efficient” strategies. Given that multiple strategies may be classified as cost-effective, the choice regarding which strategy should be implemented will ultimately depend on the Department of Health’s  “willingness-to-pay” for each additional year of life saved. A strategy is considered “dominated,” (i.e. not optimal) if it costs more than an alternative strategy that is as or more effective. 

Uncertainty and Sensitivity Analysis
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]To assess the impact of parameter uncertainty on our cost-effectiveness analysis and to estimate the likelihood that a strategy would be optimal at a given willingness-to-pay threshold, we performed a probabilistic sensitivity analysis.54 We assigned probability distributions to all parameters and costs by fitting the 95% confidence interval of beta or gamma distributions to plausible ranges from clinical and epidemiological data (ranges are shown in Tables I and II; uncertainty distributions are specified in Table III). Samples were drawn from these parameter distributions 1,000 times using Latin hypercube sampling and run through the model to project distributions of intervention cost and life years saved for each strategy. Net health benefits were calculated from the cost and life years saved distributions as the difference between the average health benefit of an intervention strategy (i.e. life years saved) and the average intervention and healthcare costs, divided by the threshold cost-effectiveness ratio.55 We calculated the net health benefit of each strategy across a range of willingness-to-pay thresholds. From this, we found the probability that a given scenario had the greatest net health benefit compared to its alternatives at a given level of willingness-to-pay. We used these probabilities to generate cost-effectiveness acceptability curves that quantified the uncertainty surrounding our cost-effectiveness ratio estimates. The acceptability curves demonstrate the likelihood that a given intervention strategy saved the largest number of life years for a given outlay (i.e. was optimal at a given willingness-to-pay threshold). 
Considering South Africa’s goal of screening all individuals once per year, we also performed a one-way sensitivity analysis to determine the impact of parameters on the cost-effectiveness ratio of annual TB/HIV screening. Specifically, we calculated the ICER of annual TB/HIV screening with 36/12 months of IPT and lifetime IPT at the minimum and maximum value of each parameter (Tables I and II) to determine whether the strategy remained cost-effective at these extreme values.


Model Equations
[bookmark: _GoBack]Our model consists of differential equations, characterizing joint TB and HIV transmission in a rural South African community. The modeled disease states and parameters are listed in Tables II and IV. The model diagrams of TB and HIV infection, diagnosis, and treatment are depicted in Figures I-III. For clarity, here we describe TB and HIV transmission separately, where X corresponds to the TB disease state; Y corresponds to the HIV disease state; i = infectious or noninfectious TB; and j = DS (j=1), MDR (j=2), or XDR (j=3) TB; T = TB; H = HIV. However, the model incorporates both TB and HIV disease states simultaneously.
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Table I. Additional epidemiological model parameters, ranges, and references. Rates are in units of year-1 unless otherwise noted. *The extent to which ART mitigates the effect of HIV on the natural history of TB is quantified by the parameter k.

	Parameter
	Symbol
	TB Disease Status
	HIV–
	HIV+ (No ART)
	HIV+ (ART)
	Reference

	Annual population growth rate
	g
	
	0.0584 (0.04–0.06)
	NA
	NA
	1,2,13

	Annual mortality rate
	
	Baseline 
(no TB)
	0.008
(0.004–0.015)
	0.008 (0.004–0.015, CD4+
>500),
0.17 (0.1–0.5, CD4+
≤500)
	0.008 (0.004–0.015, CD4+
>500),
0.056 (0.015–0.30, CD4+
≤500)
	1,2,4,13,15,17,25,75,76

	
	TB
	Active TB
	0.30 (0.2–0.4) 
	0.992  (0.75–1)

	0.508 (0.2–0.76)

	1,2,4,13

	TB transmissibility coefficient
	TB
	
	8.65 x 10-5 
(8 x 10-5–1 x 10-4) 
	8.65 x 10-5 
(8 x 10-5–1 x 10-4)
	8.65 x 10-5 
(8 x 10-5–1 x 10-4)
	1,2,13
	

	Relative fitness penalty drug resistance TB (proportion)
	h2
	MDR
	0.12 
(0–0.7)
	0.12 
(0–0.7)
	0.12 
(0–0.7)
	4,7

	
	h3
	XDR
	0.16 
(0–0.7)
	0.16 
(0–-0.7)
	0.16 
(0–0.7)
	4,7

	Proportion who develop primary progressive TB
	p
	
	0.14 
(0.08–0.25)
	0.67 
(0.36–0.8)
	* 
	4,23

	Endogenous annual TB reactivation rate
	
	Long latency
	0.00011 (0.0001–0.0003)
	0.17 (0.04–0.2)
	* 
	4,23

	
	
	Short latency
	0.88 (0.76–0.99)
	12 (10.4–13.5)
	* 
	4,23

	Degree susceptibility despite prior TB infection (proportion)
	xTB
	
	0.35 (0.1–0.6)
	0.75 (0.5–1)
	*
	4

	Proportion of TB infections that are infectious
	f
	
	0.65 (0.5–0.65)
	0.3 (0.19–0.4)
	*
	4

	Rate of conversion from non-infectious to infectious TB
	w
	
	0.015 (0.007–0.02)
	0.015 (0.007–0.02)
	0.015 (0.007–0.02)
	4,11

	Rate of natural self cure
	
	
	0.2 (0.15–0.25)
	0.2 (0.15–0.25)
	0.2 (0.15–0.25)
	4

	Baseline TB detection and treatment
	
	
	1.2917
(0.9163–2.3026)
	1.2917
(0.9163–2.3026)
	1.2917
(0.9163–2.3026)
	1,2,13

	Proportion cured by 1st line TB drugs
	q11
	DS
	0.73 (0.65–0.88)
	0.58 (0.52–0.74)
	*
	4,7

	
	q12
	MDR
	0.47 (0.18–0.58)
	0.30 (0.16–0.36)
	*
	4,7,58,59

	
	q13
	XDR
	0
	0
	0
	4,7,58,59

	Proportion cured by 2nd line TB drugs
	q22
	MDR
	0.67 (0.43–0.80)
	0.45 (0.43–0.51)
	*
	4,7,58-60

	
	q33
	XDR
	0.54 (0.328–0.545)
	0.36 (0.328–0.400)
	* 
	4,58,61

	Duration TB treatment (months)
	
	DS
	6 (6–8)
	6 (6–8)
	6 (6–8)
	77

	
	
	MDR
	24 (18–24)
	24 (18–24)
	24 (18–24)
	26

	
	
	XDR
	26 (24.6–27.8)
	26 (24.6–27.8)
	26 (24.6–27.8)
	23

	Proportion defaulting from TB treatment
	dTB1
	DS
	0.07 (0.048–0.088)
	0.07 (0.048–0.088)
	0.07 (0.048–0.088)
	78

	
	dTB2
	MDR 
outpatient
	0.07 (0.048–0.088)
	0.07 (0.048–0.088)
	0.07 (0.048–0.088)
	64,79,80

	
	dTB3
	MDR/XDR 
inpatient
	0.28 (0.19–0.37)
	0.28 (0.19–0.37)
	0.28 (0.19–0.37)
	26,63,64

	Proportion of treated TB patients who acquire or amplify resistance
	1
	DS to MDR
	0.038 (0.025–0.1)
	0.038 (0.025–0.1)
	0.038 (0.025–0.1)
	4

	
	2
	MDR to XDR
	0.030 (0.025–0.1)
	0.030 (0.025–0.1)
	0.030 (0.025–0.1)
	4

	Time to identification of TB treatment failure (months)
	
	
	2 (1–4)
	2 (1–4)
	2 (1–4)
	23

	Time from culture collection to MDR treatment initiation (days)
	
	Decentralized
	72 
(56–99)
	72
(56–99)
	72
(56–99)
	46

	Proportion of cases defaulting before TB treatment initiation
	lTB
	DS/MDR outpatient (DOTS)
	0.15 (0–0.24)
	0.15 (0–0.24)
	0.15 (0–0.24)
	45

	
	
	MDR/XDR inpatient
	0.5 (0.29–0.73)
	0.5 (0.29–0.73)
	0.5 (0.29–0.73)
	26

	
	
	
	
	
	
	

	HIV transmissibility coefficient
	HIV
	
	NA
	1.67x10-6 (1 x 10-6–2 x 10-6)
	1.67x10-6
(1 x 10-6–2 x 10-6)
	1,2,13

	 (HIV transmission shape parameter)
	
	
	NA
	4.31 (1–6)
	4.31 (1–6)
	1,2,13

	Relative infectivity of HIV on ART (proportion)
	xHIV
	
	NA
	NA
	0.12 (0–0.12)
	81

	Relative infectivity of ART eligible
	v
	
	NA
	2.92 (1.00–3.33)
	NA
	1,2,13,82

	ART coverage (CD4+ < 500) 
	
	
	NA
	52% (20–80%)
	NA
	31

	Proportion of cases detected defaulting before HIV treatment initiation
	lHIV
	Screening Program
	NA
	0.69
(0.16–0.8)
	NA
	41,42,73,74

	Proportion retained in HIV treatment over 3 years
	dHIV
	
	NA
	NA
	0.75 (0.64–0.87)
	30

	Rate of relapse from chemotherapeutic cure
	
	
	0.001 (0–0.01)
	0.001 (0–0.01)
	0.001 (0–0.01)
	4

	Duration of HIV infection, CD4+ cell count >500 (years)
	
	
	NA
	4 (3–5); 2 (1–3, active TB infx)
	NA
	15,17,75,76

	Sensitivity of TB symptom screening
	m
	
	69% (51.9–83.7%)
	79% (58.3–90.9%)
	79% (58.3–90.9%)
	43,44

	Sensitivity of TB sputum culture/DST
	ci
	Infectious
	100%
	100%
	100%
	25

	
	cn
	Noninfectious
	68%
	68%
	68%
	25

	Sensitivity of Xpert MTB/RIF for TB diagnosis
	bXPTi
	Infectious
	98.3% (97–99%)
	98.3% (97–99%)
	98.3% (97–99%)
	83

	
	bXPTn
	Noninfectious
	76.9% (72.4–80.8%)
	76.9% (72.4–80.8%)
	76.9% (72.4–80.8%)
	83

	Sensitivity of Xpert MTB/RIF for RIF resistance detection given MTB detected
	y
	
	94.4% (90.8–98.6%)
	94.4% (90.8–98.6%)
	94.4% (90.8–98.6%)
	83

	Sensitivity of rapid HIV antibody test
	r
	
	NA
	100% (98.2–100%)
	NA
	47

	Bacteriologic coverage rate
	t
	
	80% (80–100%)
	80% (80–100%)
	80% (80–100%)
	84

	Percentage of HIV+ individuals who are TST+
	s
	
	NA
	70% (64.3–74.5%)
	70% (64.3–74.5%)
	85

	IPT efficacy for drug-sensitive TB
	e
	
	NA
	100% (22–100%)
	100% (22–100%)
	6,40

	IPT adherence
	Y
	
	NA
	87% (21–87%)
	87% (21–87%)
	40,71

	Duration of IPT (months)
	
	
	NA
	6 (TST negative or unknown, standard duration); lifelong (lifelong duration)
	6 (TST negative or unknown, standard duration); lifelong (lifelong duration)
	86

	
	TST
	
	NA
	36 (TST positive, standard duration); lifelong (lifelong duration)
	36 (TST positive, standard duration); lifelong (lifelong duration)
	86

	Default from IPT
	dIPT
	
	NA
	0.091 (4–0.5)
	0.091 (4–0.5)
	30

	Effectiveness of ART in reversing effect of HIV on TB natural history
	k
	
	NA
	NA
	0.7 (0.47–0.87)
	18-20






Table II. Uncertainty distributions for model and cost parameters. All rates and probabilities are annual. The 95% confidence interval of gamma or beta distributions were fit to the parameter ranges in Table 1 and Table I. The shape a and scale b gamma distribution parameters are specified as Gamma(a,b), while the first shape a and second shape b beta distribution parameters are specified as Beta(a,b). *The extent to which ART mitigates the effect of HIV on the natural history of TB is quantified by the parameter k.
	Parameter
	Symbol
	TB Disease Status
	HIV–
	HIV+ (No ART)
	HIV+ (ART)
	Reference

	Annual population growth rate
	g
	
	Gamma(94, 0.0005)
	NA
	NA
	1,2,13

	Annual mortality rate
	
	Baseline 
(no TB)
	Gamma(9, 9  x 10-4)
	Gamma(9, 9  x 10-4) (CD4+
>500),
Gamma(6, 0.04) (CD4+
≤500)
	Gamma(9, 9  x 10-4) (CD4+
>500),
* (CD4+
≤500)
	1,2,4,13,15,17,25,75,76

	
	TB
	Active TB
	Gamma(32, 0.008) 
	Gamma(186, 0.005)

	Gamma(9, 0.05)

	1,2,4,13

	TB transmissibility coefficient
	TB
	
	Gamma(309,3 x 10-7)
	Gamma(309, 3 x 10-7)
	Gamma(309, 3 x 10-7)
	1,2,13
	

	Relative fitness penalty drug resistance TB (proportion)
	h2
	MDR
	Beta(2, 4)
	Beta(2, 4)
	Beta(2, 4)
	4,7

	
	h3
	XDR
	Beta(2, 4)
	Beta(2, 4)
	Beta(2, 4)
	4,7

	Proportion who develop primary progressive TB
	p
	
	Beta(11, 57)
	Beta(10, 7)
	* 
	4,23

	Endogenous annual TB reactivation rate
	
	Long latency
	Gamma(13, 1 x 10-5)
	Gamma(6, 0.02)
	* 
	4,23

	
	
	Short latency
	Gamma(220, 0.004)
	Gamma(226, 0.05)
	* 
	4,23

	Degree susceptibility despite prior TB infection (proportion)
	xTB
	
	Beta(4, 8)
	Beta(6, 2)
	*
	4

	Proportion of TB infections that are infectious
	f
	
	Beta(95, 70)
	Beta(20, 50)
	*
	4

	Rate of conversion from non-infectious to infectious TB
	w
	
	Gamma(14, 0.0009)
	Gamma(14, 0.0009)
	Gamma(14, 0.0009)
	4,11

	Rate of natural self cure
	
	
	Gamma(59, 0.003)
	Gamma(59, 0.003)
	Gamma(59, 0.003)
	4

	Baseline TB detection and treatment
	
	
	Gamma(22, 0.07)
	Gamma(22, 0.07)
	Gamma(22, 0.07)
	1,2,13

	Proportion cured by 1st line TB drugs
	q11
	DS
	Beta(38, 11)
	Beta(46, 26)
	*
	4,7

	
	q12
	MDR
	Beta(8, 13)
	Beta(18, 53)
	*
	4,7,58,59

	Proportion cured by 2nd line TB drugs
	q22
	MDR
	Beta(15, 9)
	Beta(280, 316)
	*
	4,7,58-60

	
	q33
	XDR
	Beta(34, 44)
	Beta(34, 44)
	* 
	4,58,61

	Duration TB treatment 
	
	DS
	Gamma(186, 0.009)
	Gamma(186, 0.009)
	Gamma(186, 0.009)
	77

	
	
	MDR
	Gamma(186, 0.003)
	Gamma(186, 0.003)
	Gamma(186, 0.003)
	26

	
	
	XDR
	Gamma(1028, 0.0004)
	Gamma(1028, 0.0004)
	Gamma(1028, 0.0004)
	23

	Proportion defaulting from TB treatment
	dTB1
	DS
	Beta(40, 554)
	Beta(40, 554)
	Beta(40, 554)
	78

	
	dTB2
	MDR 
outpatient
	Beta(40, 554)
	Beta(40, 554)
	Beta(40, 554)
	64,79,80

	
	dTB3
	MDR/XDR 
inpatient
	Beta(26, 67)
	Beta(26, 67)
	Beta(26, 67)
	26,63,64

	Proportion of treated TB patients who acquire or amplify resistance
	1
	DS to MDR
	Beta(8, 134)
	Beta(8, 134)
	Beta(8, 134)
	4

	
	2
	MDR to XDR
	Beta(8, 134)
	Beta(8, 134)
	Beta(8, 134)
	4

	Time to identification of TB treatment failure 
	
	
	Gamma(8, 0.8)
	Gamma(8, 0.8)
	Gamma(8, 0.8)
	23

	Time from culture collection to MDR treatment initiation 
	
	Decentralized
	Gamma(48, 0.1)
	Gamma(48, 0.1)
	Gamma(48, 0.1)
	46

	Proportion of cases defaulting before TB treatment initiation
	lTB
	DS/MDR outpatient (DOTS)
	Beta(2, 2)
	Beta(2, 2)
	Beta(2, 2)
	45

	
	
	MDR/XDR inpatient
	Beta(9, 9)
	Beta(9, 9)
	Beta(9, 9)
	26

	
	
	
	
	
	
	

	HIV transmissibility coefficient
	HIV
	
	NA
	Gamma(32, 4x10-8)
	Gamma(32, 4x10-8)
	1,2,13

	 (HIV transmission shape parameter)
	
	
	NA
	Gamma(5, 0.6)
	Gamma(5, 0.6)
	1,2,13

	Relative infectivity of HIV on ART (proportion)
	xHIV
	
	NA
	NA
	Beta(2, 37)
	81

	Relative infectivity of ART eligible
	v
	
	NA
	Gamma(11, 0.2)
	NA
	1,2,13,82

	ART coverage (CD4+ < 500) 
	
	
	NA
	Gamma(156, 0.005)
	NA
	31

	Proportion of cases detected defaulting before HIV treatment initiation
	lHIV
	Screening Program
	NA
	Beta(8, 15)
	NA
	41,42,73,74

	Proportion retained in HIV treatment over 3 years
	dHIV
	
	NA
	NA
	Gamma(12, 0.008)
	30

	Rate of relapse from chemotherapeutic cure
	
	
	Gamma(1, 0.003)
	Gamma(1, 0.003)
	Gamma(1, 0.003)
	4

	Duration of HIV infection, CD4+ cell count >500
	
	
	NA
	Gamma(59, 0.004) (no TB), Gamma(13, 0.05) (TB disease)
	NA
	15,17,75,76

	Sensitivity of TB symptom screening
	m
	
	Beta(21, 10)
	Beta(18, 6)
	Beta(18, 6)
	43,44

	Sensitivity of Xpert MTB/RIF for TB diagnosis
	bXPTi
	Infectious
	Beta(681, 13)
	Beta(681, 13)
	Beta(681, 13)
	83

	
	bXPTn
	Noninfectious
	Beta(297, 90)
	Beta(297, 90)
	Beta(297, 90)
	83

	Sensitivity of Xpert MTB/RIF for RIF resistance detection given MTB detected
	y
	
	Beta(99, 5)
	Beta(99, 5)
	Beta(99, 5)
	83

	Sensitivity of rapid HIV antibody test
	r
	
	NA
	Beta(165, 1)
	NA
	47

	Bacteriologic coverage rate
	t
	
	Beta(29, 5)
	Beta(29, 5)
	Beta(29, 5)
	84

	Percentage of HIV+ individuals who are TST+
	s
	
	NA
	Beta(216, 95)
	Beta(216, 95)
	85

	IPT efficacy for drug-sensitive TB
	e
	
	NA
	Beta(3, 2)
	Beta(3, 2)
	6,40

	IPT adherence
	Y
	
	NA
	Beta(0.6, 0.03)
	Beta(0.6, 0.03)
	40,71

	Default from IPT
	dIPT
	
	NA
	Gamma(4, 0.05)
	Gamma(4, 0.05)
	30

	Effectiveness of ART in reversing effect of HIV on TB natural history
	k
	
	NA
	NA
	Beta(11, 5)
	18-20

	Acceptance of TB/HIV Screening
	
	
	Beta(1, 0.02)
	Beta(1, 0.02)
	Beta(1, 0.02)
	41,42,73,74

	TB/HIV Screening Costs (monthly)
	TB positive and HIV positive
	NA
	Gamma(17, 10)
	NA
	41,42,65

	
	TB positive
	Gamma(17, 8)
	NA
	Gamma(17, 8)
	41,42,65

	
	HIV positive
	NA
	Gamma(10,  5)
	NA
	41,42,65

	
	TB negative and HIV negative
	Gamma(6, 4)
	NA
	NA
	41,42,65

	IPT costs (monthly)
	
	NA
	Gamma(4, 9 x 10-7)
	Gamma(4, 9 x 10-7)
	72

	Status quo HIV diagnosis (per patient)
	
	NA
	Gamma(295, 0.09)
	NA
	42,67

	HIV treatment and healthcare costs (monthly)
	Not in healthcare
	NA
	Gamma(54, 1)
	NA
	67-70

	
	In healthcare, not on ART
	NA
	Gamma(150, 0.8)
	NA
	67-70

	
	In healthcare, on ART
	NA
	NA
	Gamma(31, 4)
	67-70

	Status quo TB diagnosis (per patient)
	Baseline screening
	Gamma(23, 2)
	Gamma(23, 2)
	Gamma(23, 2)
	65,66

	
	MDR/XDR-TB suspect
	Gamma(22, 7)
	Gamma(22, 7)
	Gamma(22, 7)
	65,66

	TB treatment and healthcare costs (monthly)
	First-line TB treatment and healthcare
	Gamma(5, 0.006)
	Gamma(5, 0.006)
	Gamma(5, 0.006)
	65,66

	
	MDR-TB, second-line TB treatment and healthcare
	Gamma(44, 5)
	Gamma(44, 5)
	Gamma(44, 5)
	65,66

	
	XDR-TB, second-line TB treatment and healthcare
	Gamma(29, 26)
	Gamma(29, 26)
	Gamma(29, 26)
	65,66

	Specificity Symptom Questionnaire
	
	Beta(0.9, 0.02)
	Beta(0.7, 0.04)
	Beta(0.7, 0.04)
	43,44

	Specificity Xpert for TB detection
	
	Beta(2, 0.009)
	Beta(2, 0.009)
	Beta(2, 0.009)
	57

	Specificity Xpert for rifampicin resistance detection
	
	Beta(1, 0.009)
	Beta(1, 0.009)
	Beta(1, 0.009)
	57

	Specificity rapid HIV test
	
	NA
	Beta(223, 2)
	NA
	47




Table III. Epidemiological Impacts. Epidemiological impact of community-based TB/HIV screening and linkage to care at frequencies of once every 2 years (Screen 2 yr), 1 year (Screen 1 yr), and 6 months (Screen 6 mo) relative to status quo with 36/12 months of IPT (IPT 36/12) or lifelong IPT (life IPT) on total TB incidence, HIV incidence (%), MDR-TB incidence, and XDR-TB incidence over 10 years.
	
	2015
	2016
	2017
	2018
	2019
	2020
	2021
	2022
	2023
	2024
	2025

	TB incidence per 100,000
	
	
	
	
	
	
	
	
	
	
	

	     Status Quo, IPT 36/12
	868
	713
	598
	533
	485
	447
	417
	392
	371
	353
	338

	     Screen 2 yr, IPT 36/12
	868
	689
	550
	479
	430
	395
	368
	347
	329
	313
	299

	     Screen 1 yr, IPT 36/12
	868
	667
	509
	435
	389
	357
	333
	314
	298
	284
	272

	     Screen 6 mo, IPT 36/12
	868
	629
	445
	373
	331
	305
	285
	270
	257
	246
	235

	     Status Quo, IPT life
	868
	706
	569
	486
	427
	384
	351
	326
	306
	290
	276

	     Screen 2 yr, IPT life
	868
	679
	510
	414
	351
	309
	280
	259
	243
	231
	2211

	     Screen 1 yr, IPT life
	868
	655
	461
	359
	299
	261
	236
	219
	206
	197
	189

	      Screen 6 mo, IPT life
	868
	613
	387
	286
	233
	204
	186
	175
	167
	160
	155

	HIV incidence (%)
	
	
	
	
	
	
	
	
	
	
	

	     Status Quo, IPT 36/12
	1.0
	1.0
	1.0
	1.0
	1.0
	0.9
	0.9
	0.9
	0.9
	0.9
	0.8

	     Screen 2 yr, IPT 36/12
	1.0
	1.0
	1.0
	0.9
	0.9
	0.9
	0.8
	0.8
	0.8
	0.8
	0.8

	     Screen 1 yr, IPT 36/12
	1.0
	1.0
	0.9
	0.9
	0.8
	0.8
	0.8
	0.8
	0.8
	0.7
	0.7

	     Screen 6 mo, IPT 36/12
	1.0
	1.0
	0.9
	0.8
	0.8
	0.7
	0.7
	0.7
	0.7
	0.7
	0.7

	     Status Quo, IPT life
	1.0
	1.0
	1.0
	1.0
	1.0
	0.9
	0.9
	0.9
	0.9
	0.9
	0.8

	     Screen 2 yr, IPT life
	1.0
	1.0
	1.0
	0.9
	0.9
	0.8
	0.8
	0.8
	0.8
	0.8
	0.7

	     Screen 1 yr, IPT life
	1.0
	1.0
	0.9
	0.8
	0.8
	0.8
	0.7
	0.7
	0.7
	0.7
	0.7

	     Screen 6 mo, IPT life
	1.0
	1.0
	0.8
	0.8
	0.7
	0.7
	0.7
	0.6
	0.6
	0.6
	0.6

	MDR-TB incidence per 100,000
	
	
	
	
	
	
	
	
	
	
	

	     Status Quo, IPT 36/12
	55
	46
	36
	31
	27
	25
	23
	21
	20
	19
	18

	     Screen 2 yr, IPT 36/12
	55
	45
	35
	29
	26
	23
	21
	20
	19
	18
	17

	     Screen 1 yr, IPT 36/12
	55
	44
	33
	28
	24
	22
	20
	19
	17
	17
	16

	     Screen 6 mo, IPT 36/12
	55
	43
	31
	26
	22
	20
	18
	17
	16
	15
	14

	     Status Quo, IPT life
	55
	45
	36
	30
	27
	24
	22
	21
	20
	19
	18

	     Screen 2 yr, IPT life
	55
	45
	34
	28
	24
	22
	20
	19
	18
	17
	16

	     Screen 1 yr, IPT life
	55
	44
	33
	27
	23
	21
	19
	17
	16
	16
	15

	     Screen 6 mo, IPT life
	55
	42
	30
	24
	21
	19
	17
	16
	15
	14
	13

	XDR-TB incidence per 100,000
	
	
	
	
	
	
	
	
	
	
	

	     Status Quo, IPT 36/12
	12
	12
	10
	9
	8
	7
	7
	7
	6
	6
	6

	     Screen 2 yr, IPT 36/12
	12
	11
	10
	8
	8
	7
	7
	6
	6
	6
	6

	     Screen 1 yr, IPT 36/12
	12
	11
	9
	8
	7
	7
	6
	6
	6
	5
	5

	     Screen 6 mo, IPT 36/12
	12
	11
	9
	7
	7
	6
	6
	5
	5
	5
	5

	     Status Quo, IPT life
	12
	12
	10
	8
	8
	7
	7
	6
	6
	6
	6

	     Screen 2 yr, IPT life
	12
	11
	9
	8
	7
	6
	6
	6
	5
	5
	5

	     Screen 1 yr, IPT life
	12
	11
	9
	7
	7
	6
	6
	5
	5
	5
	5

	     Screen 6 mo, IPT life
	12
	11
	8
	7
	6
	5
	5
	5
	5
	4
	4





Table IV. Modeled Disease States.
	Disease State
	Description

	TB

	S
	Susceptible

	PS
	Susceptible receiving IPT

	L
	Latent infection, slow

	E
	Latent infection, fast

	PL
	Latent infection receiving IPT

	A
	Active infection

	T
	Active infection on effective TB treatment

	F
	Active infection in ineffective TB treatment

	D
	Active infection detected and awaiting culture/DST results

	R
	Recovered

	PR
	Recovered receiving IPT

	HIV	

	S
	Susceptible

	I
	Infected, CD4+ cell count > 500 cells/ml

	E
	Infected, CD4+ cell count ≤ 500 cells/ml

	ICare
	Infected, not on ART, in HIV care at a CD4+ cell count > 500 cells/ml

	IART
	Infected and on ART at CD4+ cell count > 500 cells/ml

	EART
	Infected and on ART at CD4+ cell count ≤ 500 cells/ml





Figure I. Model diagrams. Model diagrams of (A) TB transmission dynamics and (B) HIV transmission dynamics. Although depicted separately, modeled individuals had a status for each disease. Drug resistance (i.e., drug susceptible [DS], multidrug-resistant [MDR], and extensively drug-resistant [XDR] TB) was also included in the model. Model parameters and equations are detailed in S1 Text.
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Figure II. TB Diagnosis and Treatment Pathway Diagrams. Flow diagram depicting TB diagnosis and treatment within the model for (A) community-based TB/HIV screening and (B) standard of care.

A
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B
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Figure III. HIV Diagnosis and Treatment Pathway Diagrams. Flow diagram depicting HIV diagnosis and treatment within the model for (A) community-based TB/HIV screening and (B) standard of care.

A
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B
[image: ]

Figure IV. Epidemiological impact when ART eligibility expanded to all HIV-infected individuals. Impact of annual community-based TB/HIV screening and linkage to care (Annual Screen) relative to status quo (Status Quo) with 36/12 months of IPT (IPT 36/12) or lifelong IPT (IPT life) on (A) total TB incidence, (B) HIV incidence (%), (C) MDR-TB incidence, and (D) XDR-TB incidence over 10 years when ART eligibility expanded to all individuals with HIV.

A



B




C


D


Total TB
Status Quo, IPT 36/12	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	868.170607982892	627.2265994447594	456.853685462246	396.4340185974339	362.765823125109	340.364290203569	323.4918131682755	309.616404001268	297.5305146975539	286.626228502943	276.583647622656	Annual Screen, IPT 36/12	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	868.170607982892	592.877136497772	403.6427374719819	343.701488306096	312.153466163148	291.505804575138	275.924879305498	263.022669131443	251.705881408272	241.4412723519	231.954975267859	Status Quo, IPT life	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	868.170607982892	606.162702200431	379.701574383308	283.510436483766	235.075084913172	208.312252268914	191.895217385171	180.616126855864	171.989192393461	164.795014566644	158.425313669906	Annual Screen, IPT life	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	868.170607982892	569.907870319254	326.287204484076	237.5039649613979	197.048678206096	175.723615553475	162.616758290669	153.284392387239	145.805420015617	139.316751644376	133.41262493806	Year

Cases per 100,000 population


HIV
Status Quo, IPT 36/12	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	0.01022	0.00910742270303163	0.00809291823075587	0.00767266929055369	0.00748110300928649	0.00738350744434871	0.00732685285691674	0.00728946579146	0.00726227090006105	0.00724139698609995	0.0072251721576618	Annual Screen, IPT 36/12	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	0.01022	0.00858680841191199	0.007191712219415	0.00674385250839955	0.00658566390594439	0.00652136370734482	0.00648924769445673	0.00646915682173216	0.00645431157134353	0.00644241582794527	0.00643273542102765	Status Quo, IPT life	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	0.01022	0.00882989495020762	0.00695983929610816	0.00587212569522347	0.00530694192965937	0.005022448917204	0.00487503066934619	0.00479086035425826	0.00473471409501622	0.00469067410893357	0.00465192768762013	Annual Screen, IPT life	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	0.01022	0.00826090156014902	0.0059698141122618	0.00493792501461868	0.00450653912478816	0.00432257340671553	0.00423262960756118	0.00417608231018087	0.00413053715530178	0.00408832443151538	0.00404718285919745	Year

Incidence


MDR-TB
Status Quo, IPT 36/12	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	54.99586750304628	44.0510929385005	34.49736406106437	29.5785267495104	26.3575612911401	24.0963442961846	22.4080273550476	21.0761085624067	19.9772971645102	19.0392183584376	18.2179092141308	Annual, IPT 36/12	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	54.99586750304628	42.7688551566891	32.3409793318415	27.2152730226062	23.9515679439839	21.6957131558661	20.0214816601842	18.70259030086378	17.6137578492798	16.6832777232876	15.8683554209779	Status Quo, IPT life	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	54.99586750304628	43.6218426874152	33.10998746398638	27.74093005034128	24.3440386638066	21.9643756271882	20.15871253253977	18.70342021371308	17.4789466581475	16.4175671007182	15.4787996550254	Annual Screen, IPT life	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	54.99586750304628	42.3284053722379	31.077464588294	25.6457347434685	22.2729399882862	19.9245432960508	18.1422027969079	16.7021379812176	15.4873398606238	14.4330109262714	13.5003473156063	Year

Cases per 100,000 population


XDR-TB
Status Quo, IPT 36/12	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	12.0	10.9939222431017	9.18252263314405	8.28047534209761	7.636013516336244	7.156055237618167	6.79173896466888	6.509884801518904	6.28831220017568	6.11179952935164	5.9697030242287	Annual Screen, IPT 36/12	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	12.0	10.7171211291142	8.68979684069019	7.688122590377778	6.97714936000436	6.45225218743445	6.05617603563136	5.75042814126523	5.50922641020287	5.315111762121147	5.156124776120867	Status Quo, IPT life	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	12.0	10.8199690375419	8.58055336245561	7.48584611784898	6.80460874920586	6.330024552517568	5.97343359974677	5.690512573757886	5.457488336915806	5.260517370420184	5.09096141249226	Annual Screen, IPT life	2015.0	2016.0	2017.0	2018.0	2019.0	2020.0	2021.0	2022.0	2023.0	2024.0	2025.0	12.0	10.527639829599	8.09878737541094	6.97115176768049	6.26600618453198	5.76673974131912	5.38643150505014	5.0818230643475	4.82901138688516	4.6137532893723	4.42677038451451	Year

Cases per 100,000 population
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