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Appendix 1. Algorithm for district selection for IPT intervenion
1. Districts were ranked in descending order by our model estimates of TB incidence rates at the beginning of 2018.
 
2. Districts with the highest estimated TB incidence rates in 2018 were prioritized for intervention until we ran out of the total number of person-year of IPT available (1,003,423 person-years) in the first budget cycle (2018-2020). Each district was treated as an indivisible intervention unit, so a district was enrolled only if there was enough person-time of IPT left for all eligible patients in that district to initiate and complete the treatment course. As we moved down the list, if the demand of person-years of IPT in the next district on the list was higher than the amount of IPT available, we skipped the district and considered the next on the list until we either ran out of IPT or after all districts had been considered for intervention.

3. [bookmark: _Hlk531176697]Only the budget and spending conditions in the first three years was relevant to our decision on which districts could receive the intervention. The rate of spending within this three-year budget envelope was flexible. We assumed sufficient funding would be available for the IPT program to continue after Year 3. The maximum number of person-years of IPT available was calculated based on the combined cost (per day) of a single tablet of isoniazid (300 mg) plus a single tablet of pyridoxine (25 mg).


[bookmark: _Toc512242553][bookmark: _Toc512243449][bookmark: _Toc512245955][bookmark: _Toc512249313]Calculation:
[bookmark: _Toc512242554][bookmark: _Toc512243450][bookmark: _Toc512245956][bookmark: _Toc512249314]Budget for IPT: $10,800,000 USD
Cost for one tablet of isoniazid (300 mg): $12.76 USD/ 672 tablets 
Cost for one tablet of pyridoxine (25 mg): $1.05 USD/ 100 tablets
Cost for once daily IPT: 12.76/ 672 + 1.05/ 100
Person-year of IPT available in the current budget cycle (3 years):



 
4. For both the 6-month IPT scenario and the continuous IPT scenario, the list of districts selected for intervention was kept constant for the entire 12-year simulation period, reflecting a static intervention policy.  


Appendix 2. Model overview
Demographics
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The modeled population was divided into the child population (< 15 y.o.) and the adult population. The total population in each of the 27 districts was informed by data on district-level adult population size in 2016, with the assumption that children represented half of the total population [1]. We set the birth rate to be equal to the overall mortality rate so that the size of the modeled population was stable over the simulation period. Children were all HIV negative and susceptible to or latently infected by TB, and hence not contributing to TB or HIV transmission in our model. They entered the adult and adolescent population at 15 years old via either the state susceptible to TB and HIV or via the state with latent TB infection but susceptible to HIV. 
HIV related health states
With respect to HIV infection among the adult population, individuals could be susceptible to infection; infected but undiagnosed; diagnosed and receiving ART but not IPT; receiving both ART and IPT; or receiving ART post-IPT. The index cases for HIV in our model were introduced in 1976 [2]. The annual HIV incidence thereafter for each district was informed by the UNAIDS estimates of annual national-level HIV incidence rate from 1990-2017 [3], adjusted by a scaling factor which was estimated from model calibration (Appendix 3, Table 2). We assumed the HIV incidence rate had a linear decrease after 2017 and would be halved by the end of 2030. The rate at which HIV infected individuals were diagnosed and initiated on ART (hereinafter, HIV case detection rate) was estimated by fitting a logistic growth curve to the UNAIDS estimates of national level data on ART coverage (all ages) from 2010-2017 (28% - 71%) (Appendix 3, Table 3) [4]. The curve levels of at around 80-83% after 2021. We assumed the HIV case detection rate was uniform across districts.  
TB related health states
In terms of TB related health states, adults in the model could be susceptible; latently infected; having developed active TB; or undergoing treatment for active TB. Upon primary infection, susceptible individuals could either become latently infected (slow progression) or develop active TB disease (fast progression). Latent TB cases may progress to the active TB state through reactivation or reinfection. Individuals with active TB disease may undergo spontaneous self-cure, the rate of which was dependent on HIV infection and ART treatment status. Latent and active infections in the model included drug susceptible and resistant strains of any phenotypes.
The district-specific TB incidence rates were estimated by the transmission dynamic element of our model. The annual TB case detection rate was assumed to be 30% for all districts. Patients who completed the full treatment course, with or without biological confirmation, were considered as treatment successes and returned to the latent infection state. In cases of treatment failure, early treatment termination, and loss to follow up, patients returned to the active TB state. The disease durations for active TB in patients with untreated TB infection, untreated TB/HIV co-infection, and TB/HIV co-infection on ART were 1.43, 0.69, and 1.46 years in our model, respectively.
Model initialization
For each of the 27 districts, we initiated the model by introducing 10 infectious TB source cases to a pool of susceptibles, and the model was simulated until the TB epidemic reached equilibrium. The conditions in 1818 were assumed to be the starting conditions of the model that was set up to estimate the TB prevalence and incidence in Malawi in 1818 onwards. This model was then used to reproduce the historical time trends of TB and HIV epidemics from 1818 to 2018, prior to the start of IPT-era in 2018. The model was estimated based on the parameter values shown in Appendix 3. 
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Appendix 3. Model parameters
Table 1. Prior distributions on variable parameters for the first stage of calibration
	Parameter
	Description
	Distribution
	Lower 
(2.5th percentile)
	Upper 
(97.5th percentile)
	Median
	Reference

	beta_t1
	District-specific TB transmission parameter for active TB cases living with HIV
	lognormal (1.83, 0.69)
	1.61
	24.10
	6.23
	--

	p_h
	progression rate from latent TB to active TB 
(HIV+, not on ARV)
	lognormal (-2.07, 0.23)
	0.08
	0.20
	0.13
	[5]

	x_h
	proportion of fast TB progressor (HIV+, not on ARV)
	lognormal (-0.19, 0.05)
	0.75
	0.91
	0.83
	[6]

	mu_tb_hiv_add
	excess HIV TB mortality rate (no ARV, untreated TB)
	lognormal (-0.26, 0.25)
	0.47
	1.26
	0.77
	[7-9]



Table 2. Prior distributions on variable parameters for the second stage of calibration
	Parameter
	Description
	Distribution
	Lower 
(2.5th percentile)
	Upper 
(97.5th percentile)
	Median
	Reference

	beta_t1
	District-specific TB transmission parameter for active TB cases living with HIV
	lognormal (1.83, 0.69)
	1.61
	24.10
	6.23
	--

	hivinc_s
	Scaling factor for district-specific HIV incidence 
	lognormal (-0.02, 0.30)
	0.54
	1.76
	0.98
	--





Table 3. Fixed and derived parameters
	[bookmark: _Hlk15468407]Parameter
	Description a
	Value or Explanation
	Reference

	Transmission Parameters

	beta_t2
	TB transmission parameter for active TB cases not living with HIV
	beta_t2=beta_t1*rr_tb
	--

	lambda_hiv
	HIV force of infection, regardless of ART status 
	Time-varying, see Appendix 6
	[3]

	rr_tb
	relative infectiousness of TB among people with/without HIV, regardless of ART status
	0.65
	[10]

	m
	immunity to reinfection
	0.35
	[11]

	TB Related Parameters

	x
	proportion of fast TB progressor (HIV-)
	0.115
	[12]

	x_h
	proportion of fast TB progressor (HIV+, not on ART)
	0.8443
	[6] and numerical experiment

	x_a
	proportion of fast TB progressor (HIV+, on ART)
	0.1565
	[13]

	p
	progression rate from latent TB to active TB 
(HIV-)
	0.001
	[14, 15]

	p_h
	progression rate from latent TB to active TB
 (HIV+, not on ART)
	0.1371
	[5] and numerical experiment

	p_a
	progression rate from latent TB to active TB
(HIV+, on ART)
	0.00272
	[13]

	p_ai
	progression rate from latent TB to active TB
(HIV+, on ART and IPT)
	p_a*f_i
	[16-18]

	[bookmark: _Hlk15468561]Parameter
	Description a
	Value or Explanation
	Reference

	TB Related Parameters -- continued

	sigma
	spontaneous self-cure from active TB (HIV-)
	0.2
	[19]

	sigma_h
	spontaneous self-cure from active TB 
(HIV+, not on ART)
	0 
	Assume no immunological capacity for spontaneous self-cure

	sigma_a
	spontaneous self-cure from active TB 
(HIV+, on ART)
	0.1
	Between treated and untreated HIV

	sigma_ai
	spontaneous self-cure from active TB 
(HIV+, on ART and IPT)
	sigma_a 
	Assume no curative effect from active TB with IPT

	IPT Related Parameters

	kappa_6
	rate of stopping 6-month IPT
	-log(perc_adhr)*2 + 2
	[20-22]
Conversion from proportion to rate using risk = 1 – e-rate
Also informed by local inputs

	kappa_c
	rate of stopping continuous IPT
	-log(perc_adhr)*2
	[20-22] 
Conversion from proportion to rate using risk = 1 – e-rate
Also informed by local inputs

	s_ipt
	rate at which IPT cure latent infection
	perc_cure*(mu_arv + 12/6 + p_ai)/(1-perc_cure)
	Conversion from proportion to rate 

	ipt_add_mu
	Excess mortality rate associated with IPT
	-log(1-0.0004)
	[23]

	TB and HIV Treatment Related Parameters

	tb_cdr
	TB case detection rate
	0.3
	Assumption and manual tuning and WHO TB country profile

	tau
	rate of starting TB treatment 
(HIV-)
	tb_cdr*(mu_tb + sigma)/(1- tb_cdr)
	Conversion from proportion to rate 

	[bookmark: _Hlk15468592]Parameter
	Description a
	Value or Explanation
	Reference

	TB and HIV Treatment Related Parameters -- continued

	tau_h
	rate of starting TB treatment 
(untreated HIV)
	tb_cdr *(mu_tb_hiv + sigma_h)/(1- tb_cdr)
	Conversion from proportion to rate 

	tau_a
	rate of starting TB treatment 
(on ART)
	tb_cdr *(mu_tb_arv + sigma_a)/(1- tb_cdr)
	Conversion from proportion to rate 

	tau_ai
	rate of starting TB treatment 
(from active TB state on ART+IPT) 
	tb_cdr *(mu_tb_arv + sigma_ai)/(1- tb_cdr)
	Conversion from proportion to rate 

	e
	1- proportion of active TB on ART starting IPT instead of starting TB treatment (clinical error) 
	0.84
	[24, 25]

	phi
	rate of TB treatment completion
	
1/(6/12) 
	[24]

	rho
	proportion of treatment success 
	
0.84
	[26]

	hiv_cdr
	HIV case detection rate
	0.8321/(1 + exp(-(-653.1621 + 0.3427*year)
	Logistic growth curve fitted to UNAIDS data on ART coverage [4] 

	gamma
	rate of starting ART 
	
hiv_cdr*mu_hiv/(1-hiv_cdr)
	
Conversion from proportion to rate

	Demographic Related Parameters

	b
	birth rate 
	(set to total mortality rate to maintain a stable population size)
	--

	mu
	background mortality rate among adults and adolescents ≥ 15 y.o.
	0.01
	[27]

	mu_peds
	background mortality rate among individuals < 15 y.o.
	0.20
	--

	mu_tb
	TB mortality rate (untreated TB, HIV-)
	mu + 0.28
	[19]

	mu_tr
	TB mortality rate (treated TB, HIV-)
	0.097*phi/(1-0.097)
	Estimated based on outcome data:
9.7% died during treatment [26]

	Parameter
	Description a
	Value or Explanation
	Reference

	Demographic Related Parameters -- continued

	mu_hiv
	HIV mortality rate (no ART, TB-)
	mu + 0.068
	[28-30]

	mu_tb_hiv
	HIV TB mortality rate (no ART, untreated TB)
	mu + 1.006
	[7-9] and numerical experiment

	mu_arv
	HIV mortality rate (on ART, TB-)
	mu + 0.005
	[31]

	mu_tb_arv
	HIV TB mortality rate (on ART, untreated TB)
	mu + 0.37
	[32]

	mu_tr_arv
	HIV TB mortality rate (on ART, treated TB)
	0.097*(phi)/(1-0.097)
	Estimated based on outcome data:
9.7% died during treatment; TB/HIV ≈ 53% of TB cases and TB/HIV mortality rate ≈ 2* TB mortality rate [26]

	mu_ai
	HIV mortality rate (on ART+IPT, TB-)
	mu_arv + ipt_add_mu
	[23]

	mu_tb_ai
	HIV TB mortality rate (on ART+IPT, untreated TB)
	mu_tb_arv + ipt_add_mu
	[23]


a. Unit for all rates are per year



Table 4. Sampling distribution for probabilistic sensitivity analysis for IPT related parameters 
	Parameter
	Description a
	Distribution
	Lower (bound if uniform, else 2.5th percentile)
	Upper (bound if uniform, else 97.5th percentile)
	Median
	Reference

	IPT related parameters

	iota
	rate of starting IPT
	uniform (1,3)
	1.05
	2.95
	2.00
	Informed by local inputs

	z
	proportion of treatment followed by secondary IPT  
	uniform (0.65, 0.99)
	0.65
	0.999
	0.83
	Informed by local inputs

	q
	proportion refuse to start IPT 
	uniform (0.05, 0.40)
	0.05
	0.40
	0.23
	Informed by local inputs

	perc_adhr
	percent of patients completing the full course of 6-month IPT
	beta (167251, 31265)
	0.8441
	0.8409
	0.8425
	Malawi electronic medical record (unpublished data) 

	perc_cure
	percent cured of latent TB infection by the end of 6 months of IPT
	logitnormal (-0.60, 1.24)
	0.02
	0.76
	0.35
	[33]

	f_i
	effectiveness of IPT in preventing TB infection and re-infection and TB disease progression
	lognormal (-0.39, 0.18)
	0.47
	0.96
	0.67
	[34, 35]


a Unit for all rates are per year

	
Appendix 4. Model Calibration
A two-stage calibration was performed. In the first stage, the model was calibrated to national level service and surveillance data using the Nelder-Mead algorithm:
(1) The parameters estimated through this stage of model calibration were (a) the transmission parameter for TB infection, (b) the TB reactivation rate for those with undetected HIV, (c) the probability of TB fast progression among those with undetected HIV, and (d) the excess mortality rate for TB/HIV co-infection. Prior distributions for each of these parameters were described in Appendix 3 Table 1.
(2) Five likelihood functions were constructed to calibrate the model using national level service and surveillance data provided by the MOH Malawi  for the following targets: (a) the number of TB cases notified each year (2008 – 2016), (b) the number of TB cases notified each year that were confirmed to be HIV infected (2009 – 2016), (c) the number of patients retained on ART in mid-year (2008, 2017), and (d) the HIV prevalence among individuals ≥ 15 years old (2008, 2017). Additionally, (e) the expected percentage (30%) of HIV deaths from TB cases was included as the fifth calibration target. 
(3) The confidence intervals of these data points were not available to us, so we set the uncertainty intervals to be ± 20% of the observed values. For each target, the average of these uncertainty intervals was then set to be the standard deviation of the normal distributions in the likelihood functions. The rationale behind taking the mean is to allow each data point to weight equally in the likelihood functions. These five likelihood functions were assumed to be independent, and hence multiplied to create the joint likelihood function.
(4) After obtaining the parameter set that produced the model with the best fit to the calibration targets, the estimated excess mortality rate for TB/HIV co-infection, the TB reactivation rate, and probability of fast progression among undetected HIV individuals were extracted and used as fixed parameters in the second stage of the calibration, where models were calibrated at the district level. 
In the second stage of the calibration, following Raftery and Bao (2010) [36], our model was calibrated using the incremental mixture importance sampling (IMIS) algorithm:
(1) The parameters estimated through model calibration were (a) the transmission parameter for TB infection and (b) the scale factor of the HIV incidence input vector. Both parameters were estimated at the district level, using the same prior distributions, which are presented in Table 2 in Appendix 3. In other words, the TB transmission parameter and HIV incidence were allowed to vary between districts to fit to the district-level TB and HIV sercie and surveillance data.
(2) For each district, four likelihood funtions were used to calibrate the model to the first four calibration targets as in stage one, but with district-level data. The uncertainty intervals of these data points were also set to be ± 20% and the five likelihood functions were assuemd to be independent.
(3) A total of 800 parameter sets were sampled in the first iteration in IMIS. To improve the efficiency of the algorithm, the first of the 800 initial parameter sets was estimated using optimizer Nelder-Mead with the same likelihood functions defined above. A maximum of 40 IMIS iterations were performed to obtain 300 re-sampled parameter sets, which were subequenclty used to simulate the model. 
(4) [bookmark: _Toc512285407]This procedure was performed for each of the 27 districts, assuming all districts were independent of one another. Note that Likoma was excluded due to a lack of data. Figures below show the district level comparison of calibration targets and model estimates for TB notifications, number of patients retained on ART in mid-year, HIV prevlanece (%), and the percentage of notified TB cases that were confirmed to be HIV positive. The solid lines represent the arithmetic mean of the joint posterior distribution based on the resampled parameter sets. The dashed lines the 2.5th and 97.5th quantile of the joint posterior distributions.
(5) [image: ][image: ][image: ][image: ]
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Appendix 5. District level estimates
Table 1. Model estimates of HIV/TB epidemiological characteristics of the 27 districts in 2018a Districts were ranked by TB incidence rates in 2018. Districts highlighted in blue, namely Lilongwe, Blantyre, Thyolo, Chiradzulu, and Zomba are the districts where Malawi had planned to start continuous IPT. The model was calibrated to TB and HIV service data provided by the MOH Malawi. Model estimates represent the arithmetic means of the distribution generated by the resampled parameter sets. More details can be found in Appendix 3. 

	District
	Name a
	TB incidence (per 100k)
	TB prevalence 
(per 100k)
	No. of notified TB cases
	HIV incidence (per 1k)
	HIV prevalence (%)
	No. retained on ART in mid-year
	Total pop. size 
(≥15 y.o.)

	1
	Blantyre
	494.68
	665.14
	1,484
	3.04
	14.89
	 117,746 
	 1,129,734 

	2
	Nsanje
	493.86
	673.89
	322
	2.51
	11.70
	 20,356 
	 239,747 

	3
	Chiradzulu
	485.84
	648.39
	396
	3.21
	15.69
	 34,166 
	 307,779 

	4
	Mwanza
	466.79
	654.41
	151
	1.67
	7.59
	 6,584 
	 115,016 

	5
	Neno
	377.98
	516.32
	118
	2.06
	10.16
	 8,277 
	 113,325 

	6
	Lilongwe
	360.37
	502.32
	2,436
	1.56
	7.30
	 124,453 
	 2,404,516 

	7
	Chikwawa
	352.43
	485.86
	471
	1.81
	8.78
	 29,678 
	 481,665 

	8
	Zomba
	349.60
	472.43
	685
	2.37
	12.05
	 59,703 
	 723,140 

	9
	Thyolo
	291.73
	390.17
	488
	2.50
	13.29
	 55,434 
	 621,537 

	10
	Balaka
	250.37
	340.35
	248
	1.90
	9.97
	 24,228 
	 359,847 

	11
	Phalombe
	236.95
	313.53
	216
	2.67
	14.79
	 33,464 
	 342,217 

	12
	Mulanje
	228.87
	302.43
	357
	2.67
	14.82
	 56,898 
	 584,105 

	13
	Salima
	211.72
	293.92
	243
	1.28
	6.63
	 18,168 
	 404,971 

	14
	Mangochi
	208.46
	283.32
	525
	1.78
	9.58
	 57,623 
	 907,760 

	15
	Rumphi
	199.46
	277.66
	116
	1.20
	6.38
	 8,776 
	 203,418 

	16
	Nkhotakota
	196.82
	273.80
	189
	1.19
	6.21
	 14,165 
	 337,210 

	17
	Chitipa
	180.23
	244.54
	111
	1.15
	6.54
	 8,923 
	 210,164 

	18
	Mzimba
	174.37
	240.95
	514
	1.30
	6.92
	 47,595 
	 1,037,403 

	19
	Nkhata Bay
	165.73
	229.32
	118
	1.24
	6.69
	 11,167 
	 250,044 

	20
	Karonga
	159.35
	218.40
	141
	1.45
	7.94
	 16,566 
	 315,920 

	21
	Machinga
	140.52
	191.98
	232
	1.48
	8.16
	 31,260 
	 586,743 

	22
	Ntcheu
	127.49
	174.67
	214
	1.38
	7.65
	 29,606 
	 593,895 

	23
	Dedza
	123.89
	174.06
	275
	0.85
	4.61
	 23,123 
	 762,256 

	24
	Mchinji
	117.66
	163.63
	181
	1.04
	5.70
	 19,879 
	 533,558 

	25
	Kasungu
	95.51
	133.99
	209
	0.83
	4.57
	 22,256 
	 749,638 

	26
	Dowa
	87.93
	123.52
	185
	0.79
	4.37
	 20,367 
	 718,048 

	27
	Ntchisi
	72.01
	100.92
	60
	0.81
	4.59
	 8,476 
	 285,852 

	
	National
	246.32
	336.66
	       10,683
	1.53
	8.80
	908,935
	15,319,509


[bookmark: _Toc512285408]
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	Figure 1. Allocation of continuous IPT program across districts, based on our model simulations (n=300) from resampled parameter sets. A, the probability we could implement continuous IPT in a given number of districts without exceeding the budget limit and based on the district selection algorithm defined in our study. This is an estimated probability mass function (pmf) of selecting X districts to receive IPT. B, the probability of exceeding the budget when the continuous IPT program is implemented in a given number of districts. Under the decision rule that the policy makers are willing to accept a 10% probability of exceeding the budget, we would then implement the continuous IPT program in 14 districts. C, the number of TB cases averted as a function of IPT consumption under a continuous IPT program in 1 to 27 districts. Each blue circle point to the right of the x-axis represents the introduction of the program to one additional district. Red dashed line (- - -), the budget line or the maximum person-years of IPT (1,003,423 PY) available for allocation in 2018-2020. 



Table 2. Enrolment of districts in IPT intervention programs under the 6-month or continuous IPT scenario.
	District
	Name
	Mean PY of IPT required in 2018-2020 for 6mo IPT
	Mean PY of IPT required in 2018-2020 for cont. IPT
	no IPT
	6mo. IPT
	cont. IPT

	1
	Blantyre
	 44,499 
	 164,371 
	No
	Yes
	Yes

	2
	Nsanje
	 7,571 
	 28,056 
	No
	Yes
	Yes

	3
	Chiradzulu
	 12,847 
	 47,502 
	No
	Yes
	Yes

	4
	Mwanza
	 2,408 
	 8,955 
	No
	Yes
	Yes

	5
	Neno
	 3,090 
	 11,447 
	No
	Yes
	Yes

	6
	Lilongwe
	 46,818 
	 173,101 
	No
	Yes
	Yes

	7
	Chikwawa
	 11,203 
	 41,398 
	No
	Yes
	Yes

	8
	Zomba
	 22,802 
	 84,073 
	No
	Yes
	Yes

	9
	Thyolo
	 21,348 
	 78,586 
	No
	Yes
	Yes

	10
	Balaka
	 9,308 
	 34,293 
	No
	Yes
	Yes

	11
	Phalombe
	 12,971 
	 47,703 
	No
	Yes
	Yes

	12
	Mulanje
	 22,115 
	 81,263 
	No
	Yes
	Yes

	13
	Salima
	 6,973 
	 25,693 
	No
	Yes
	Yes

	14
	Mangochi
	 22,317 
	 82,069 
	No
	Yes
	Yes

	15
	Rumphi
	 3,368 
	 12,410 
	No
	Yes
	No

	16
	Nkhotakota
	 5,438 
	 20,036 
	No
	Yes
	No

	17
	Chitipa
	 3,491 
	 12,812 
	No
	Yes
	No

	18
	Mzimba
	 18,449 
	 67,843 
	No
	Yes
	No

	19
	Nkhata Bay
	 4,312 
	 15,875 
	No
	Yes
	No

	20
	Karonga
	 6,427 
	 23,633 
	No
	Yes
	No

	21
	Machinga
	 12,192 
	 44,781 
	No
	Yes
	No

	22
	Ntcheu
	 11,563 
	 42,469 
	No
	Yes
	No

	23
	Dedza
	 8,997 
	 33,063 
	No
	Yes
	No

	24
	Mchinji
	 7,753 
	 28,484 
	No
	Yes
	No

	25
	Kasungu
	 8,695 
	 31,924 
	No
	Yes
	No

	26
	Dowa
	 7,966 
	 29,246 
	No
	Yes
	No

	27
	Ntchisi
	 3,326 
	 12,204 
	No
	Yes
	No

	PY IPT required
	National
	348,245
	1,283,291
	0
	348,245
	908,510


Note: Intervention assignments were determined based on the district selection algorithm presented in Appendix 1 and with a willingness to accept 10% probability of exceeding the budget with implementation of the continuous IPT program. PY, person-years.

Appendix 6 Efficiency of 6-month verseus continuout IPT

[bookmark: _Toc512285409]Table 1. Cost-effectiveness of IPT among adults
	Number of person-year of IPT needed to avert one case of (mean, 95% PI): 
	6-month IPT
	continuous IPT

	TB incidence
	
	

	In the first 3 years
	67 (48, 88)
	171 (133, 222) 

	By the end of year 12
	25 (16, 36)
	96 (72, 134) 

	TB death
	
	

	In the first 3 years
	86 (65, 111)
	251 (195, 315) 

	By the end of year 12
	33 (23, 45)
	140 (108, 184) 

	All-cause mortality 
	
	

	In the first 3 years
	91 (69, 117) 
	264 (206, 330) 

	By the end of year 12
	37 (26, 51) 
	157 (121, 206) 

	Number needed to treat to avert one case of (mean, 95% PI): 
	6-month IPT
	continuous IPT

	TB incidence
	
	

	In the first 3 years
	161 (114, 217)
	113 (84, 151)

	By the end of year 12
	58 (37, 82)
	36 (27, 51)

	TB death
	
	

	In the first 3 years
	208 (154, 272)
	165 (124, 214) 

	By the end of year 12
	76 (54, 104)
	53 (41, 70)

	All-cause mortality 
	
	

	In the first 3 years
	219 (164, 288)
	173 (131, 225)

	By the end of year 12
	86 (61, 118)
	59 (46, 78)

	US dollars needed to avert one case of (mean, 95% PI): 
	6-month IPT
	continuous IPT

	TB incidence
	
	

	In the first 3 years
	716 (512, 952)
	1848 (1429, 2387)

	By the end of year 12
	270 (175, 382)
	1029 (778, 1446)

	TB death
	
	

	In the first 3 years
	923 (695, 1194)
	2703 (2103, 3387) 

	By the end of year 12
	354 (253, 482) 
	1506 (1158, 1977) 

	All-cause mortality 
	
	

	In the first 3 years
	978 (738, 1264)
	2846 (2221, 3556) 

	By the end of year 12
	400 (285, 544)
	1688 (1300, 2215)







Appendix 7. Sensitivity analysis on HIV decline rate since IPT program initiaion
To assess how the assumption of HIV decline rate in Malawi would affect the outcome comparison between 6-month IPT program and the continuous IPT program, we explored a pessimistic scenario where the HIV decline rate remained zero throughout 2017-3030 since IPT program initiation in 2018. It appeared that both the TB incidence and TB prevalence decreased for several years following program initiation but rebounded in the longer term. However, the relative effectiveness of 6-month and continuous strategies on the number of TB cases averted in adult and the number of TB-related deaths and all-cause deaths averted among PLHIV remained the same as the scenario (with 50% reduction in HIV incidence by 2030) presented in the main text. 
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	Figure 1. Twelve-year projection of TB burden among adults under the three IPT policy alternatives, assuming the HIV incidence rate remained the same throughout the entire simulation period (2017-2030). A. National TB prevalence (per 100,000). B. National TB incidence (per 100,000). The 6-month IPT program was introduced nationwide and the continuous IPT program was implemented in 14 districts with the highest estimated TB incidence rates in 2018. The number of districts intervened over the simulation period was fixed in either intervention scenario, reflecting a static intervention policy. Solid lines, arithmetic means of the distributions of resampled parameter sets; the ribbons, 95% projection intervals.
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	Figure 2. Comparisons of the health impacts of IPT between policy alternatives, assuming the HIV incidence rate remained the same throughout the entire simulation period (2017-2030). A, cumulative number of TB cases averted among adults, in relation to the base case. B, cumulative number of TB-related deaths averted among PLHIV, in relation to the base case. This includes the deaths averted among active TB cases that are being treated. C, cumulative number of all-cause deaths averted among PLHIV, in relation to the base case. For A-C: Solid lines, arithmetic means of the distributions of resampled parameter sets; the ribbons, 95% projection intervals. 





Appendix 8. Model equations (as R code)
# R code containing the ordinary differential equations for the TB/HIV compartmental model
# Equation symbols correspond to the Parameter Table in Appendix 4.
# Can be run by using the R function ‘ode’ in the deSolve package
 
HIVTB_states_model <- function(times, yinit, pars, strategy) { 

  with(as.list(c(yinit,pars)),{

# TOTAL POPULATION SIZE
	N_tot = S_p + E_p + S_N + E_N + I_N + T_N + S_H + E_H + I_H + S_AIpre + E_AIpre + I_AIpre + T_A + S_AIon +    
E_AIon + I_AIon + S_AIpost + E_AIpost + I_AIpost + C_AIon + C_AIpost

	N = S_N + E_N + I_N + T_N + S_H + E_H + I_H + S_AIpre + E_AIpre + I_AIpre + T_A + S_AIon + E_AIon + 
		I_AIon + S_AIpost + E_AIpost + I_AIpost + C_AIon + C_AIpost
    
# IPT STRATEGIES
# base case
    if (init==T | strategy == 0){  
      kappa = 0
      iota     = 0
      z          = 0}

# 6-month IPT
    if (strategy == 1) {                 
      kappa = pars$kappa_6
      iota     = pars$iota
      z          = pars$z}

# continuous IPT
    if (strategy == 2) {
      kappa = pars$kappa_c
      iota     = pars$iota
      z          = pars$z}

#  TB TRANSMISSION
   	beta_t2      = beta_t1*rr_tb
    	lambda_tb = beta_t1*I_N/N + beta_t2*(I_H + I_AIpre + I_AIon + I_AIpost)/N
    
  
 #  HIV TRANSMISSION

if (times < 1976){        # No HIV transmission in and prior to 1975
      tau_h          = 0
      mu_hiv       = 0
      mu_tb_hiv = 0 
} else {
      tau_h          = pars$tau_h
      mu_hiv       = pars$mu_hiv
      mu_tb_hiv = pars$mu_tb_hiv 
}
    
    
if (times < 1976){  
lambda_hiv = 0           
# No HIV transmission in and prior to 1975
} else if (times < 1991 & times >= 1976){
lambda_hiv = (10*(exp(log(2759.922*hivinc_s)/15*(times-1975))-1))/(S_N+E_N+I_N+T_N)/(times-1975)   # HIV transmission in 1976-1990 is the same as 1990
} else if (times < 2018 & times >= 1991){
[bookmark: _Hlk33263827]lambda_hiv = hivinc_s*inc[floor(times-1989)]*N/1000/(S_N + E_N + I_N + T_N)
# UNAIDS estimates of HIV incidence rates
} else {lambda_hiv = hivinc_s*(inc[28] - 0.1692308*(ceiling(times-2017)))*N/1000/(S_N + E_N + I_N + T_N)} 
# HIV incidence reduced by half from 2017 to 2030
  
  
    #  HIV CASE DETECTION RATES
   hiv_cdr   = 0.8321/(1 + exp(-(-653.1621 + 0.3247 * times )))    # fitted logistic growth curve
    	   gamma   = hiv_cdr*mu_hiv/(1-hiv_cdr)    
  
    

##   SUMS

# person time on IPT
# (note: integrated output is cumulative person-years of IPT)
dPT_ipt = S_AIon + E_AIon + I_AIon + C_AIon
    	
# person time on ARV
# (note: integrated output is cumulative person-years of ART)
dPT_arv = S_AIpre + S_AIon + S_AIpost + E_AIpre + E_AIon + E_AIpost + I_AIpre + I_AIon + I_AIpost + C_AIon + C_AIpost + T_A

# person time on TB treatment among all
# (note: integrated output is cumulative person-years of treatment for active TB)
dPT_tbtx = T_N + T_A
    
# person time on TB treatment in PLHIV
# (note: integrated output is cumulative person-years of treatment for active TB among PLHIV)
dPT_tbtx_hiv = T_A
    
# TB incidence rate overall 
# (note: integrated output is cumulative TB incidence)
dTBinc = x*lambda_tb*S_N + x*(1-m)*lambda_tb*E_N + p*E_N + 
x_h*lambda_tb*S_H + x_h*(1-m)*lambda_tb*E_H + p_h*E_H +
x_a*lambda_tb*S_AIpre +  x_a*(1-m)*lambda_tb*E_AIpre + p_a*E_AIpre +
f_i*x_a*lambda_tb*S_AIon + f_i*x_a*(1-m)*lambda_tb*E_AIon + p_ai*E_AIon +
f_i*x_a*(1-m)*lambda_tb*C_AIon + x_a*lambda_tb*S_AIpost + x_a*(1-m)*lambda_tb*E_AIpost + p_a*E_AIpost + x_a*(1-m)*lambda_tb*C_AIpost
    
# TB incidence rate among PLHIV
# (note: integrated output is cumulative TB incidence among PLHIV)
dTBinc_hiv = x_h*lambda_tb*S_H + x_h*(1-m)*lambda_tb*E_H + p_h*E_H +
x_a*lambda_tb*S_AIpre +  x_a*(1-m)*lambda_tb*E_AIpre + p_a*E_AIpre +
f_i*x_a*lambda_tb*S_AIon + f_i*x_a*(1-m)*lambda_tb*E_AIon + p_ai*E_AIon + 
f_i*x_a*(1-m)*lambda_tb*C_AIon + x_a*lambda_tb*S_AIpost + x_a*(1-m)*lambda_tb*E_AIpost +
p_a*E_AIpost + x_a*(1-m)*lambda_tb*C_AIpost

# TB incidence rate among PLHIV on ART
# (note: integrated output is cumulative TB incidence among PLHIV on ART)
dTBinc_arv = x_a*lambda_tb*S_AIpre +  x_a*(1-m)*lambda_tb*E_AIpre + p_a*E_AIpre +
f_i*x_a*lambda_tb*S_AIon + f_i*x_a*(1-m)*lambda_tb*E_AIon + p_ai*E_AIon + 
f_i*x_a*(1-m)*lambda_tb*C_AIon + x_a*lambda_tb*S_AIpost + x_a*(1-m)*lambda_tb*E_AIpost +
p_a*E_AIpost + x_a*(1-m)*lambda_tb*C_AIpost
    
# HIV incidence rate
# (note: integrated output is cumulative HIV incidence)
dHIVinc = lambda_hiv*(S_N + E_N + I_N + T_N)       
    
# rate of starting TB treatment 
# (note: integrated output is the number of people who initiated treatment for active TB)
dT_start = tau*I_N + tau_a*I_AIpre + e*iota*I_AIpre + tau_h*I_H + tau_a*I_AIpost + tau_ai*I_AIon
   
# rate of starting IPT
# (note: integrated output is the number of people who initiated IPT)
dIPT_start = (1-q)*iota*S_AIpre + (1-q)*iota*E_AIpre + (1-q)*(1-e)*iota*I_AIpre + z*(1-rho)*phi*T_A  

# rate of starting ART
dART_start = gamma*(S_H + E_H + I_H) + tau_h*I_H + lambda_hiv*T_N
    
# mortality rate among entire population
# (note: output when integrated is cumulative mortality)
dM_tot =  mu_peds*(S_p + E_p) + mu*(S_N + E_N) + mu_tb*I_N + mu_tr*T_N + mu_hiv*(S_H + E_H) + mu_tb_hiv*I_H + mu_arv*(S_AIpre + E_AIpre + S_AIpost + E_AIpost + C_AIpost) + mu_tb_arv*(I_AIpre + I_AIpost) + mu_ai*(S_AIon + E_AIon + C_AIon) + mu_tb_ai*I_AIon + mu_tr_arv*T_A

# mortality rate among adults and adolescents 
# (note: integrated output is cumulative mortality)
dM =  mu*(S_N + E_N) + mu_tb*I_N + mu_tr*T_N + mu_hiv*(S_H + E_H) + mu_tb_hiv*I_H +
mu_arv*(S_AIpre + E_AIpre + S_AIpost + E_AIpost + C_AIpost) + mu_tb_arv*(I_AIpre + I_AIpost) + mu_ai*(S_AIon + E_AIon + C_AIon) + mu_tb_ai*I_AIon + mu_tr_arv*T_A

# mortality rate among PLHIV
# (note: integrated output is cumulative mortality among PLHIV)
dM_hiv = mu_hiv*(S_H + E_H) + mu_tb_hiv*I_H +
mu_arv*(S_AIpre + E_AIpre + S_AIpost + E_AIpost + C_AIpost) + mu_tb_arv*(I_AIpre + I_AIpost) +
mu_ai*(S_AIon + E_AIon + C_AIon) + mu_tb_ai*I_AIon + mu_tr_arv*T_A

# mortality rate among PLHIV on ART
# (note: integrated output is cumulative mortality among PLHIV on ART)
dM_arv = mu_arv*(S_AIpre + E_AIpre + S_AIpost + E_AIpost + C_AIpost) + mu_tb_arv*(I_AIpre + I_AIpost) +
mu_ai*(S_AIon + E_AIon + C_AIon) + mu_tb_ai*I_AIon + mu_tr_arv*T_A

# TB deaths among all adults and adolescents
# (note: integrated output is cumulative TB-related mortality)
dM_tb = (mu_tb*I_N + mu_tb_hiv*I_H + mu_tb_arv*(I_AIpre + I_AIpost) + mu_tb_ai*I_AIon + mu_tr_arv*T_A + mu_tr*T_N) – mu*(I_N + I_H + I_AIpre + I_AIpost + I_AIon+T_A + T_N) 

# TB deaths among all PLHIV
dM_tb_hiv = (mu_tb_hiv*I_H + mu_tb_arv*(I_AIpre + I_AIpost) + mu_tb_ai*I_AIon + mu_tr_arv*T_A) –
mu*(I_H + I_AIpre + I_AIpost + I_AIon + T_A) 
    
# TB deaths among all PLHIV on ARV
dM_tb_arv = (mu_tb_arv*(I_AIpre + I_AIpost) + mu_tb_ai*I_AIon + mu_tr_arv*T_A) - mu*(I_AIpre + I_AIpost + I_AIon + T_A)

# TB associated deaths among all adults and adolescents
dM_tb_attr <- (mu_tb*I_N + mu_tb_hiv*I_H + mu_tb_arv*(I_AIpre + I_AIpost) + mu_tb_ai*I_AIon +  mu_tr*T_N + mu_tr_arv*T_A) - (mu*I_N + mu_hiv*I_H + mu_arv*(I_AIpre + I_AIpost) + mu_ai*I_AIon + mu*T_N + mu_arv*T_A) 
    
# TB addociated deaths among all PLHIV
dM_tb_hiv_attr <- (mu_tb_hiv*I_H + mu_tb_arv*(I_AIpre + I_AIpost) + mu_tb_ai*I_AIon + mu_tr_arv*T_A) - (mu_hiv*I_H + mu_arv*(I_AIpre + I_AIpost) + mu_ai*I_AIon + mu_arv*T_A)
    
# TB associated deaths among all PLHIV on ARV
dM_tb_arv_attr <- (mu_tb_arv*(I_AIpre + I_AIpost) + mu_tb_ai*I_AIon + mu_tr_arv*T_A) – 
(mu_arv*(I_AIpre + I_AIpost) + mu_ai*I_AIon + mu_arv*T_A)
    

# Birth rate    
b = dM 


##   ODE FUNCTIONS
    
dS_p = b - (lambda_tb + epsilon + mu_peds)*S_p
    
dE_p = lambda_tb*S_p - (epsilon + mu_peds)*E_p
    
dS_N = epsilon*S_p - (lambda_tb + lambda_hiv)*S_N - mu*S_N   # updated Jun20 LH
    
dE_N = epsilon*E_p + (1-x)*lambda_tb*S_N - x*(1-m)*lambda_tb*E_N - p*E_N - lambda_hiv*E_N + sigma*I_N + rho*phi*T_N - mu*E_N    
    
dI_N = x*lambda_tb*S_N + x*(1-m)*lambda_tb*E_N + p*E_N - lambda_hiv*I_N  - sigma*I_N - tau*I_N +
(1-rho)*phi*T_N - mu_tb*I_N
    
dT_N = tau*I_N - phi*T_N - mu_tr*T_N - lambda_hiv*T_N
    
dS_H = lambda_hiv*S_N - lambda_tb*S_H - gamma*S_H - mu_hiv*S_H
    
dE_H = (1-x_h)*lambda_tb*S_H - x_h*(1-m)*lambda_tb*E_H + lambda_hiv*E_N - gamma*E_H - p_h*E_H + sigma_h*I_H - mu_hiv*E_H
    
dI_H = x_h*lambda_tb*S_H + x_h*(1-m)*lambda_tb*E_H + lambda_hiv*I_N - gamma*I_H + p_h*E_H - sigma_h*I_H - mu_tb_hiv*I_H - tau_h*I_H
    
dS_AIpre = gamma*S_H - lambda_tb*S_AIpre - iota*S_AIpre - mu_arv*S_AIpre
    
dE_AIpre = gamma*E_H + (1-x_a)*lambda_tb*S_AIpre - x_a*(1-m)*lambda_tb*E_AIpre - p_a*E_AIpre - iota*E_AIpre + sigma_a*I_AIpre - mu_arv*E_AIpre
    
dI_AIpre = gamma*I_H + x_a*lambda_tb*S_AIpre +  x_a*(1-m)*lambda_tb*E_AIpre + p_a*E_AIpre - sigma_a*I_AIpre - tau_a*I_AIpre - iota*I_AIpre - mu_tb_arv*I_AIpre
    
dS_AIon = (1-q)*iota*S_AIpre - f_i*lambda_tb*S_AIon - kappa*S_AIon - mu_ai*S_AIon 
    
dE_AIon = (1-q)*iota*E_AIpre + f_i*(1-x_a)*lambda_tb*S_AIon - kappa*E_AIon – 
f_i*x_a*(1-m)*lambda_tb*E_AIon - p_ai*E_AIon + sigma_ai*I_AIon + z*rho*phi*T_A - mu_ai*E_AIon - s_ipt*E_AIon + f_i*(1-x_a)*(1-m)*lambda_tb*C_AIon
    
dI_AIon = (1-q)*(1-e)*iota*I_AIpre + f_i*x_a*lambda_tb*S_AIon - sigma_ai*I_AIon + f_i*x_a*(1-m)*lambda_tb*E_AIon + p_ai*E_AIon - tau_ai*I_AIon - kappa*I_AIon + z*(1-rho)*phi*T_A - mu_tb_ai*I_AIon + f_i*x_a*(1-m)*lambda_tb*C_AIon
    
dS_AIpost = kappa*S_AIon + q*iota*S_AIpre - lambda_tb*S_AIpost - mu_arv*S_AIpost
    
dE_AIpost = kappa*E_AIon + q*iota*E_AIpre + (1-x_a)*lambda_tb*S_AIpost –
x_a*(1-m)*lambda_tb*E_AIpost - p_a*E_AIpost + sigma_a*I_AIpost + (1-z)*rho*phi*T_A - mu_arv*E_AIpost + (1-x_a)*(1-m)*lambda_tb*C_AIpost
    
dI_AIpost = kappa*I_AIon + q*(1-e)*iota*I_AIpre + x_a*lambda_tb*S_AIpost + 
x_a*(1-m)*lambda_tb*E_AIpost + p_a*E_AIpost - sigma_a*I_AIpost - tau_a*I_AIpost + 
(1-z)*(1-rho)*phi*T_A - mu_tb_arv*I_AIpost + x_a*(1-m)*lambda_tb*C_AIpost
    
dT_A = tau_a*I_AIpre + e*iota*I_AIpre + tau_h*I_H + tau_a*I_AIpost + tau_ai*I_AIon + lambda_hiv*T_N – 
phi*T_A - mu_tr_arv*T_A
    
dC_AIon =  s_ipt*E_AIon - f_i*(1-m)*lambda_tb*C_AIon - kappa*C_AIon - mu_ai*C_AIon 
    
dC_AIpost = kappa*C_AIon - (1-m)*lambda_tb*C_AIpost - mu_arv*C_AIpost
    
    
    return(list(c(dPT_ipt, dPT_arv, dPT_tbtx, dPT_tbtx_hiv, #4
                  dTBinc, dTBinc_hiv, dTBinc_arv, dHIVinc, #8
                  dT_start, dTA_start, dIPT_start, dART_start,#12
                  dM_tot, dM, dM_hiv, dM_arv, #16
                  dM_tb, dM_tb_hiv, dM_tb_arv, #19
                  dM_tb_attr, dM_tb_hiv_attr, dM_tb_arv_attr, #22
                  dS_p, dE_p, #24
                  dS_N, dE_N, dI_N, dT_N, #28
                  dS_H, dE_H, dI_H, #31
                  dS_AIpre, dE_AIpre, dI_AIpre, #34
                  dS_AIon, dE_AIon, dI_AIon, #37
                  dS_AIpost, dE_AIpost, dI_AIpost, #40
                  dT_A, dC_AIon, dC_AIpost #43
    )))
  })
}
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