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1) Mathematical model
We modified an individual-based simulation model developed for CREATE (the Consortium to Respond Effectively to the TB/AIDS Epidemic)[1-3] to investigate the impact of a shortened first line drug regimen. The model includes age, HIV status and CD4 count, and TB infection history. Timing of development of TB disease after (re-)infection is influenced by HIV status and CD4 count; HIV status and age influence the probability of TB disease being smear-positive. TB infection from TB cases occurs in the community, the latter with age-dependent mixing. The model is built using C. All parameters are found in Table A.
Natural history of TB
The TB model structure follows along the lines of the simplified representation in Figure A: individuals are born without M.tb infection; can acquire an M.tb infection which may, or may not develop into active TB disease; and individuals may, or may not have their active TB disease detected and initiate treatment.
TB transmission
The force-of-infection for TB is proportional to the prevalence of active TB, weighted by the infectiousness of each prevalent TB case. We assume age-dependent mixing between different age groups, parameterized with data from a social contact study carried out in South Africa as part of ZAMSTAR [4]. 
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[bookmark: _Ref250377210][bookmark: _Toc250390951][bookmark: _Toc250391116]Figure A: Overview model diagram. This diagram shows the schematic progression through TB states in the model, but for simplicity omits mortality and birth, HIV/ART status. The latent, active and treatment states are finer-grained in the model as they track time since entering the state.
TB in HIV-uninfected individuals
Upon infection with M.tb, individuals’ time-since-infection is tracked and they are subject to a hazard of developing pulmonary TB disease per unit time. This hazard is higher in the first 2 years following (re-)infection, with an age-dependence following that used in [5]. In subsequent years, the hazard of activation assumes a lower constant value. Individuals with an M.tb infection have a partial protection against reinfection [6], however, a successful re-infection is treated identically to an initial infection. 
Upon activation to pulmonary TB, 65% of cases in 20 year olds were assumed smear positive among those without HIV infection, following the age pattern reported in [5], smear negative TB assumed 23% as infectious as smear positive TB [7,8]. Active TB without treatment results in death (70% for smear-positive disease; 30% for smear-negative disease) or else self-cure over a timescale of 3 years based on [9]. These alternatives are modelled as proportional hazards with a Weibull-distributed time-to-event. Self-cure leaves individuals with an M.tb infection, and acts like a new infection in terms of activation risks.
Detection and initiation of treatment in those with active TB disease is assumed to occur with a probability taken as the WHO estimate of the case-detection rate [10]. The timing of detection and treatment initiation occurs at a certain fraction of an individual’s time-to-outcome without detection and treatment (i.e. more rapidly progressing TB disease is detected proportionately more rapidly).

HIV
HIV infection and life-expectancy
HIV incidence through calendar time was taken from a deterministic model of HIV transmission [11]. HIV infections are distributed by age according to a Weibull distribution with shape parameter k=2.3 and scale s=25.9 years matching the gender-average of data presented in [12]. Life expectancy for those infected by HIV without ART is modelled by a Weibull distribution with parameters (k=2.3, s=13.3 years), from a weighted least-squares fit to the survival data from the CASCADE collaboration [13]. 
HIV & TB
The influence of HIV on the risks of developing TB is mediated through CD4 count, which is modelled continuously for each individual. The CD4 cell count trend and incidence rate ratio for developing TB in HIV-infected individuals not receiving ART are modelled similarly to [14]. Upon infection, CD4 cell count drops by 25% from an initial value of 1000 cells per microliter, followed by a linear decline to zero at death. Individuals’ TB incidence rate ratio (IRR) increases exponentially with decreasing CD4 cell count with a rate 0.36 per 100 cells per microliter. This IRR applies to the hazard of an M.tb infection becoming active TB disease as modelled above. HIV-infected individuals are assumed not to have any protection from a prior M.tb infection against reinfection disease.
HIV-infected active TB cases were taken to be 45% as likely to be smear positive as HIV-uninfected TB cases [14]. Untreated active TB disease in HIV-infected individuals was assumed to have 100% case-fatality, over a time-scale of 5 months [15], also modelled as a Weibull distribution. The probability of detection and treatment initiation, and its timing, was modelled as for TB in HIV-uninfected individuals.
ART & ART coverage
The life expectancy of an individual starting ART was modelled as in [16]: for someone of age a initiating ART at CD4 count CD4A whose CD4 count immediately following seroconversion was CD41, their life-expectancy is taken as:

where LE0 is the individual’s life-expectancy in the absence of HIV infection.
The effect of ART on TB incidence was taken to be equivalent to returning CD4 count to that following seroconversion, resulting in a population IRR of approximately 0.3 for TB in those on ART compared with HIV-infected individuals not on ART. 
ART initiation was modelled as for the PopART model used in [17]. Briefly, individuals who were classified as in contact with health services and whose CD4 count was below the threshold of 350 cells per microliter were assumed to commence ART at a rate of 2 per year. The rate of becoming in contact with health services was modelled by a function of the form:



where t0 was taken as 2004, and the other parameters were fitted to reported South African ART coverage. In this work we kept the same shape for this function, (s,k) = (15.2 years, 1.9), but refitted the overall scale Amax to the ART prevalence in HIV-infected individuals measured by the ZAMSTAR prevalence survey. Drop out from ART was taken as 5% per year. HIV-infected individuals with detected TB disease were initiated on ART with a specified coverage after 2010.
Individuals become non-infectious upon treatment initiation [18]. 

Demography
The model is populated in 1980 with 25,000 individuals whose characteristics are taken from the South African members of the ZAMSTAR prevalence survey. The results are multiplied up to the full population of SA at the end of each simulation. The initial prevalence of active TB was based on the WHO estimate of TB prevalence for 1990 and the number on treatment implied by the case-detection ratio. The appropriate numbers of active TB cases and individuals on TB treatment were selected randomly from amongst adults. The prevalence of latent M.tb infection was determined by assuming that the force-of-infection generated by this prevalence had been constant for long enough to achieve equilibrium. M.tb infections were distributed by age as for an equilibrium, as were the times since M.tb infection.
Age-specific mortality was implemented using the 1-parameter UN life-tables, with the calendar time dependence via the UN ESA estimates of life-expectancy of birth for each year [19], with the HIV-induced dip smoothed out. The UN ESA estimates of crude birth rate and in- and out-migration were also used, with immigrating individuals randomly cloning adults from the population. Finally, if necessary, a small correction was applied to birth and death rates if the relative population size over- or under-shot the UN ESA population growth prediction for South Africa, to ensure a matching trend.

Model calibration
The model was calibrated using a Nelder-Mead simplex algorithm to minimize a sum of squares error (SSE) term measuring the distance between TB, HIV and ART data and the estimates by WHO [10], UNAIDS [20], and ZAMSTAR [21]. The error term was constructed by rescaling each time-series to be comparable and additionally scaling the contribution at each time point by the inverse of the confidence interval. The total error was the sum of SSEs of this type for TB prevalence, TB incidence, HIV-TB incidence, TB incidence in 2010, HIV prevalence and ART coverage in all those with HIV infections in 2010. The parameters varied to achieve a fit were the effective contact rate, the remote reactivation rate, the probability of fast progression to pulmonary TB (PTB) for a naïve adult, the time to detection of TB in both HIV negatives and PLHIV, the protection from active disease if latently infected and the slope of the logarithm of the incidence rate ratio (IRR) against decline in CD4 count. 

Table A: Model parameters and intervention parameter values used in the model. * values are fitted to data in the Basecase scenario. 
	Section
	Definition
	Value in basecase
	Value in intervention
	Notes

	TB in HIV-
	Contact rate
	Effective contact rate (per year)
	9.58186*
	/
	

	
	Survival
	Weibull shape parameter for untreated TB survival
	1.5
	/
	22

	
	
	Weibull scale parameter for untreated TB survival (years)
	2.25
	/
	

	
	
	Case-fatality rate for untreated TB
	0.551
	/
	Those on TB treatment are ~45% less likely to die than those not on treatment [22].

	
	Activation
	Remote reactivation rate (per year)
	0.00333*
	/
	

	
	
	Fast progression rate (per year)
	0.9
	/
	Assumption

	
	
	Probability of fast progression to PTB for naïve adult
	0.13616*
	/
	

	
	Case detection
	Probability of detecting & starting treatment for TB
	0.69
	0.771
	The same as in PLHIV [23]

	
	
	Odds ratio for detection & treatment: sputum smear - vs. sputum smear +
	0.7
	/
	Sputum smear negative TB is 30% less likely to be detected.

	
	
	Detection timing as a proportion of time to death/self-cure
	0.36541*
	/
	

	
	Treatment
	Treatment success rate (clearance)
	0.79
	0.895
	Adherence is captured by only considering those who complete a full course of treatment as starting treatment [23]. 

	
	
	Treatment fatality rate if not successful
	0.3
	/
	Mortality rates on treatment for new TB cases in South Africa have remained around the 7% level from 2000 to 2009 [24]. If the treatment success rate is 77%, then the probability of death, if not someone who is successfully treated, is 7/(100-77) = 0.3.

	
	Protection
	Protection from progression to TB disease from latently infected
	0.64061*
	/
	

	
	
	Relative infectiousness if sputum smear negative compared to sputum smear positive
	0.23
	/
	[7,8]

	HIV+ description
	Survival
	Weibull shape parameter for untreated HIV survival
	2.3
	/
	Fitted to data from [13].

	
	
	Weibull scale parameter for untreated HIV survival (years)
	13.3
	/
	Fitted to data from [12].


	
	Infection
	Weibull shape parameter for untreated HIV infection age
	2.3
	/
	

	
	
	Weibull scale parameter for untreated HIV infection age (years)
	25.9
	/
	

	
	
	CD4 count at HIV infection
	1000
	/
	An approximation similar to [14].

	TB in HIV+
	Survival
	Weibull shape parameter for untreated TB survival
	2
	/
	[15]

	
	
	Weibull scale parameter for untreated TB survival (years)
	0.45
	/
	

	
	Sputum smear status
	Relative risk of being sputum smear positive if HIV+
	0.45
	/
	[25]

	
	
	Slope of log(IRR) vs. CD4 decrement (10^4 L)
	0.61822*
	/
	

	
	Case detection
	Probability of detecting & starting treatment for TB
	0.69
	0.771
	The same as in HIV- [23]

	
	
	Odds ratio for detection & treatment: sputum smear - vs. sputum smear +
	1
	/
	

	
	
	Detection timing as a proportion of time to death/self-cure
	0.36541*
	/
	

	
	
	Treatment success rate (clearance)
	0.69
	0.845
	[23]

	
	
	Treatment fatality rate if not success
	0.25
	/
	

	
	Link to care
	CD4 increment above ART start when linked to care
	100
	/
	Some proportion of PLHIV who are set to receive ART, “learn” their status at an earlier time point. These can be targeted with pre-ART interventions.

	
	
	Proportion starting ART who link to care earlier
	0.01
	/
	

	ART
	Background
	When ART use starts
	2005
	/
	

	
	
	Scale parameter for ART rollout (years)
	0.5
	/
	ART coverage reaches 70% by 2020 in those eligible.

	
	
	Coverage parameter for ART rollout
	0.6
	/
	

	
	CD4 count
	CD4 guideline for starting ART (<2012)
	200
	/
	

	
	
	CD4 count on ART
	750
	/
	Gives IRR ~0.3

	
	Impact
	Influence of start-CD4 on life-expectancy on ART
	0.5
	/
	See model description above.

	
	Timing
	Shape parameter governing function for ART start timing
	7.2
	/
	See model description above.

	
	
	Scale parameter governing function for ART start timing
	366.7
	/
	

	
	
	Rate at which those below CD4 guideline start ART.
	100
	/
	Catch-up mechanism for those not linked to care prior to ART.

	
	Default
	Default rate for PLHIV on ART (percentage per year)
	5
	/
	Unlike TB treatment, ART has a constant default rate.

	
	Intervention
	Coverage of ART initiation in HIV+ incident TB
	0.15
	/
	

	
	UTT
	Period for testing rounds (years)
	1
	/
	

	
	
	Probability PLHIV are reached by a testing round and started on ART
	/
	0.2/0.42
	Coverage varies in different portfolios

	IPT
	Intervention
	Coverage of IPT in PLHIV linking to care
	0.1
	0.53
	
Coverage varies in different portfolios

	
	
	Hazard ratio of progression to TB in HIV-
	0.37
	/
	A 63% protection whilst on IPT in line with individual-level analysis from Thibela [26] and [27].HIV does not impact this.

	
	
	Hazard ratio of progression to TB in HIV+/ART-
	0.37
	/
	

	
	
	Hazard ratio of progression to TB in HIV+/ART+
	0.5
	/
	The CD4 model here results in a 60% reduction in TB incidence at low CD4 counts. This is comparable to the Thibela assumptions (65%) [26]. The combined effect of ART and IPT in Thibela is ~80%. By having a hazard ratio of 0.5, at low CD4 the reduction will be 80%, decreasing with CD4 count to recreate the decreasing impact of ART at higher CD4.

	
	
	Probability of clearance of TB at end of IPT course for HIV-
	0.1
	/
	A low level of clearance is predicted from Thibela, Botusa and recent modelling [28] and  [29]

	
	
	Probability of clearance of TB at end of IPT course for HIV+
	0.1
	/
	

	
	
	Length of IPT treatment in for HIV- (years)
	0.5
	3 / lifelong
	Length varies in different portfolios

	
	
	Length of IPT treatment in for HIV+ (years)
	0.5
	3 / lifelong
	

	
	
	Coverage of IPT intervention in HIV-
	/
	0.2
	20% random coverage is considered.

	Periodic active case finding
	Intervention
	Period between active case finding rounds (years)
	1
	Low
	High
	

	
	
	Probability of detection per round, sputum smear+ and HIV-
	/
	0.24
	0.32
	Screening offered to 60%, but only 80% uptake. 16% pre-treatment loss to follow-up. Sensitivity varies depending on algorithm (low/high). HIV status does not affect sensitivity.

	
	
	Probability of detection per round, sputum smear- and HIV-
	/
	0.16
	0.24
	

	
	
	Probability of detection per round, sputum smear+ and HIV+
	/
	0.24
	0.32
	

	
	
	Probability of detection per round, sputum smear- and HIV+
	/
	0.16
	0.24
	

	
	
	Probability of detection per round, sputum smear+ and HIV+ and on ART
	/
	0.24
	0.32
	






2) HIV incidence 
HIV incidence over time was generated using a dynamic transmission model built to investigate the PoPART intervention [30]. Each of the interventions thought to impact HIV incidence (change to ART guidelines) were simulated in the HIV model and the corresponding HIV incidence data included within the model (Figure B). 



Figure B: HIV incidence over time for the Basecase and two interventions that affect HIV incidence. 


3) Details of individual interventions
Interventions involve one of four control measures: ART, IPT, periodic active case finding or improved health care services. 

Basecase scenario
Keeps all as in 2012, i.e. does not include the 80% coverage of ART to those co-infected with TB&HIV which is included in all Portfolios. 

1 Antiretroviral therapy (ART) guidelines 
PLHIV have an increased risk of active TB disease. This risk is decreased by the prescription of ART [31,32]. ART also decreases the probability of HIV transmission [33]. As TB risk and CD4 count are linked in this model, the impact of ART on TB incidence varies with time on ART as CD4 counts increase. 
a) ART to PLHIV and TB disease
Current WHO guidelines recommend that all PLHIV with TB disease, irrespective of their CD4 count, be given ART in resource limited settings [34]. Within the NSP this is outlined as one of the strategies that will be immediately activated (Intervention 3.1.7 [35]). Despite relatively frequent screening of PLHIV for TB, prescription of ART is likely to be rare in line with IPT trends (see below). As such coverage was assumed to be 15% of PLHIV with TB in the current scenario. A higher coverage level of 80% was also investigated.
b) CD4 guidelines for ART initiation change to 500 cells/mm3
Current South African (as of August 2011[36]) and WHO guidelines recommend ART for PLHIV with CD4 counts <350 cells/mm3 [34]. Future strategies may increase this CD4 level, e.g. to <500 cells/mm3, or recommend universal ART use [37]. This intervention is not specifically outlined in the NSP but is implicit in their desire for increased control of the joint HIV/TB epidemics. 
	In the model, this is captured by a change to the guideline CD4 threshold for ART start (which affects only those linked to care) and a linear increase in the median CD4 count at which other PLHIV start ART to 500 cells/mm3. The shape of the distribution of starting CD4 counts was assumed to remain as it was in the Baseline scenario [38]. ART coverage was set to that reported in UNAIDS, for those with a CD4 count < 350 cells/mm3, of 80% by 2012. In the intervention, coverage of ART to those with a CD4 count < 500 cells/mm3 is assumed to already be 70% by 2014, rising to 90% by 2018. 
	d) Universal test and treat (UTT)
Testing high proportions of the South African population for HIV and initiating all PLHIV onto ART would help maintain the CD4 count of the population [34] but has issues such as long term antiretroviral (ARV) preservation. 
Part of this intervention is included within the NSP with the aim to test all South Africans for HIV annually (Intervention 3.1.1 [35]). Current testing levels, imply that approximately 40% of the population were tested for HIV in 2009 [39]. Existing guidelines to place all PLHIV onto IPT claim to have achieved 53% coverage (as part of the HIV counselling and testing campaign 2010 [40]). Hence coverage of new testing and subsequent initiation of ART were estimated, from this limited data, at a baseline of 20%. The NSP aims for much higher testing levels (~80%), so a higher coverage of testing and ART initiation of 42% was also considered. UTT is assumed to take place annually. No additional case finding of TB was included in this HIV/ART only UTT intervention. 

2. Isoniazid preventive therapy (IPT)
Isoniazid is a bactericidal antibiotic that is used in the first line combination treatment of tuberculosis. It is also prescribed to those at risk of TB disease, e.g. PLHIV, and has been shown to prevent them from becoming an active TB case [41,42]. However, the high protective effect is only whilst taking IPT; there appears to be little long-term protective effect of IPT once completed in high prevalence settings such as South Africa [26-28]. For all IPT scenarios, only a single course of IPT could be received in a lifetime. 
a) Isoniazid preventive therapy to all PLHIV for 6 months
b) 36 months or 
c) continuous
South African guidelines currently outline that IPT should be give to PLHIV for different lengths of time dependent on their ART and TST status [43]. The minimum length of time was for 6months. TST status was not included in the model. Instead all PLHIV were eligible for IPT. Also investigated here, as suggested by D. Mametja at the 3rd RSA TB conference and a current recommendation of the WHO [44], is 36 months of IPT, as well as continuous or lifelong IPT. The latter is under consideration by the WHO, but there is no trial evidence to support a change to this recommendation. However, with uncertainty as to the clearance efficacy of IPT but strong evidence for a large protective effect whilst taking IPT, lifelong IPT is likely to be effective at decreasing TB levels. Concerns with this length relate to resistance, however development was low after 36months of IPT [28]. 
Here, the probability of clearance, even at the end of 36 month therapy, is set to be 10% 43. Current estimates set there to be a 63% reduction in the probability of TB disease for those currently taking IPT, through reactivation or following reinfection, for individuals who are HIV negative or PLHIV who are not on ARVs [26,32,45]. For those PLHIV on ARVs, the effect appears to be multiplicative, with an 80% protective effect assumed [26,45].
	IPT guidelines are poorly adhered to - only 38% of those PLHIV screened and found to be negative for TB are quoted as receiving IPT by the South Africa government [46]. Coverage was higher for PLHIV newly enrolled in HIV care (53% in a recent campaign), however the NSP target is 85% of those newly enrolled. WHO data suggests the coverage may be even lower at ~2%: 124,049 PLHIV were provided with IPT in 2010 [47] out of an estimated 5.63 million PLHIV [48]. Here, for individual interventions, low baseline coverage of IPT to PLHIV was estimated at 10%. A higher coverage, of 53%, was also considered. 
d) IPT to HIV negatives 
IPT can also be prescribed to those without HIV, currently often to those found via TB case contact tracing (e.g. [49]). Random allocation of IPT to the HIV negative community is a simple use of current technologies with the potential for widespread benefits [50], but must be balanced against the risk of side effects and resistance generation. Here 20% coverage of IPT for 6 months to those without HIV is investigated.  
e) IPT to PLHIV prior to ART
IPT and ART have a similar beneficial preventative impact on TB disease individually whilst being taken, but in combination the impact is thought to be multiplicative (as assumed above). However, some studies have shown the combined impact to be not much greater than the individual impact [28] suggesting a lack of cost-effectiveness of co-prescription. There is also increased toxicity from co-prescription, especially when ART includes stavudine [51]. This has led Malawi, which has on going use of stavudine, to have HIV treatment guidelines recommending IPT only for PLHIV prior to ART start [52]. Here, the impact of such a policy with the same coverage as above (10%) in those linked to care prior to ART was investigated. 

3. Periodic active case finding for TB 
This intervention is outlined in the NSP, with an ambitious target of screening 30 million people annually for active TB (approximately 60% of the population) by 2016 (Intervention 3.1.1, [35]). Repeated, frequent screening for TB should reduce the number of undetected cases and reduce transmission rates. Such an intensive intervention such as this will be expensive, but this must be weighed against the cost of the on going HIV/TB epidemic in South Africa, which needs tackling through bigger and better interventions [53]. This is taken to be different to the strategies employed in ZAMSTAR – here this is assumed to be an active round of screening (door to door for example) and not just better availability of testing and community mobilisation as in ZAMSTAR [54]. 
Here, for simplicity, annual screening is assumed to take place on January 1st with varying probabilities of detection linked to sputum smear and HIV status. This type of annual screening is assumed to be via a mobile active screening unit such as used in a recent study in South Africa [55] and such as was shown to be most effective in an earlier comparative study of active case finding methods [56].
a) Low and
b) High sensitivity algorithm
Here, the range of possible diagnostic algorithms and their sensitivities is simplified to two scenarios. The first aims to capture a low cost, low sensitivity algorithm, likely to involve smear microscopy. Sputum smear microscopy is valuable as sputum smear positive people are the most transmissible and therefore the most important target for screening and treatment. The second scenario captures a more effective but possibly a more expensive algorithm, for example based on GeneXpert. The use of culture would increase the case detection rate but would have problems with reporting results back to patients [55] and longer delays. As South Africa has achieved a rapid scale-up of GeneXpert coverage, here use of the low sensitivity algorithm is only considered in the supplementary. 
	Assuming that this is one of the main interventions the South Africa government will pursue, coverage of periodic active case finding is taken to be either the 60% aimed for or 30%, as achieved in recent HIV testing campaigns [24]. However, not all those reached will agree to testing – approximately 80% of people contacted through active case finding undergo screening [55,56]. Hence coverage of screening was set at 48%. The two screening algorithms then have different effectiveness dependent on sputum status. For the high scenario these are 80% and 60% for sputum smear positive and negative respectively. For the low scenario, 60% and 40%. HIV status is assumed to not impact sensitivity [57]. Detection of TB in PLHIV on ART is assumed to be the same as in someone without HIV. The percentage of patients lost to follow-up (‘primary default’) [58] is included at 16% [55]. The values for high coverage and low and high case detection are then 24%/16%[footnoteRef:1] and 32%/24% for detection and treatment initiation of sputum smear positive/negative pulmonary TB respectively. For low coverage the numbers, with high case detection, would be 16%/12% for sputum smear positive/negative pulmonary TB respectively.  [1:  80% reached, 60% screened, 60% effectiveness, (1-16) start treatment. Thus 0.8*0.6*0.6*0.84 = 0.2419 = 24%. With 40% effectiveness for smear negatives this reduces to 16%. ] 


4. 50% decrease in loss of patients to follow-up (‘primary default’)
Within South Africa, there is a large gap between the number of patients being screened for TB via symptom screening and/or microbiologically and the number who are positive who then return for treatment. Around 17-21% of those found to have active TB are lost to follow-up before or during a course of TB treatment [59-61]. This intervention would be implemented by improved, more pro-active health services with more effective follow-up procedures and the use of quicker diagnostics. 
The proportion of patients detected and started on treatment is approximated using the data from the WHO for case detection rates in new and relapse cases (69%) [62]. Halving the loss to follow-up level (19%) increases the percentage starting treatment to 77%. PLHIV have the same case detection rates but a different proportion of infections that become active.  

5. 50% increase in treatment success
Treatment success could be simply improved by better adherence and improved health service systems – both via better education and via increased coverage of directly observed treatment, short-course (DOTS). Several new drugs and regimens for TB are also currently under development [63]. These have the potential to dramatically decrease treatment time and may have the potential to out perform current drugs. The impact of such improvements or a new regimen is here captured by decreasing by 50% the proportion of patients that fail at the end of treatment.
	Here, treatment success depends on HIV status. The percentage of sputum smear positive TB patients that adhered to treatment and were cured in South Africa in 2010 was 79% [62]. This is taken as the baseline treatment success level for those without HIV. Adherence to treatment in PLHIV is lower than in those without HIV by approximately 10% [64]. However, treatment failure is approximately the same at 2-4% [64-66]. Treatment success is then set at 69% for PLHIV. Increased treatment success raises this percentage to 85% and 90% for PLHIV and without HIV respectively. 


4) Results of the impact of individual interventions
The impact of all the individual interventions and the portfolios on TB disease incidence and TB deaths relative to the 2012 values are shown in Table B. The coverage levels investigated in different portfolios are included as are the varying sensitivities for the active case finding algorithms. Several interventions are included which are not included in the portfolios, such as IPT pre-ART. 
	As shown in Figure B for the NSP portfolio, the contributions of the various interventions to each of the other portfolios is shown in Figures C-E. 

[bookmark: _Ref217105194]Table B: Reduction in TB incidence and TB deaths by each portfolio. Values in bold and underlined indicate where the reductions are greater than the targets at this time point (for 2016 and 2032).
	
	2016
	2032
	2050

	
	NSP target
	50% reduction
	Zero new cases or deaths 
	

	
	Control method (coverage)
	Incidence
	Mortality
	Incidence
	Mortality
	Incidence
	Mortality

	Portfolio
	Basecase
	13
	15
	18
	26
	14
	21

	
	NSP
	32
	57
	55
	75
	61
	80

	
	WHO
	22
	21
	32
	40
	22
	31

	
	Novel strategies
	32
	39
	29
	40
	20
	29

	
	Optimised 
	46
	71
	70
	86
	76
	89

	ART
	ART to PLHIV with TB 
	(15%)
	10
	13
	14
	21
	11
	18

	
	
	(80%)
	10
	14
	11
	19
	8
	15

	
	CD4 guideline change to 500
	
	10
	13
	21
	30
	17
	26

	
	Universal test and treat 
	(20%)
	19
	24
	21
	30
	16
	24

	
	
	(42%)
	25
	32
	23
	33
	18
	27

	IPT to PLHIV
	For 6months 
	(10%)
	9
	12
	14
	21
	12
	19

	
	
	(53%)
	10
	13
	14
	22
	12
	19

	
	For 36months 
	(10%)
	9
	12
	14
	21
	12
	19

	
	
	(53%)
	10
	13
	15
	22
	12
	19

	
	Continuous (10%)
	9
	12
	15
	22
	12
	19

	
	IPT pre-ART (10%)
	9
	12
	14
	21
	12
	19

	IPT to HIV-
	For 6months (20%)
	16
	17
	17
	25
	13
	20

	Periodic active case finding
	Low sensitivity, high coverage
	20
	28
	42
	52
	49
	58

	
	High sensitivity, low coverage
	16
	23
	32
	42
	35
	45

	
	High sensitivity, high coverage
	24
	33
	48
	58
	58
	67

	Loss to follow up
	50% decrease
	12
	35
	30
	52
	33
	54

	Treatment success
	50% increase
	13
	22
	17
	31
	15
	28
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Figure C: Impact of “WHO” portfolio and component interventions on TB incidence
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Figure D: Impact of “Novel strategies” portfolio and component interventions on TB incidence



[image: Macintosh HD:Users:londonschool:Documents:My Documents:SA model:Results_2014:output_march2014:plots:Port_ALL.pdf]
Figure E: Impact of “Optimized” portfolio and component interventions on TB incidence.


5) Sensitivity analysis
A full uncertainty analysis could not be performed for this model as it would be too computationally expensive. Instead we investigated the impact of altering a set of key model parameters (Table C) on the key outcome – would the “NSP” portfolio ever achieve the 2016 and 2032 NSP targets? This set of parameters was chosen from the subset of parameters that are not used to generate the TB model calibration and that were linked to key interventions within the “NSP” portfolio. 

Table C: Key model parameters varied in sensitivity analysis. 
	Parameter
	Value in main analysis
	Value explored in sensitivity analysis 
	Reason for choice

	
	
	Low
	High
	

	tbart (probability that TB on ART is like HIV-)
	1
	0.5
	0.8
	NSP includes high coverage of ART to those co-infected with TB. This impact would be moderated if ART had less of an impact on TB disease, making it more like TB disease in PLHIV. 

	Iprotn
(protection from infection if latent)
	0
	0.2
	0.5
	NSP includes IPT to PLHIV. This impact will be moderated if there is already protection from latency. 

	Rxpd
(Probability of death if not cleared)
	0.3
	0.15
	0.45
	Variation to investigate healthcare interventions.

	deltansmr
(Ratio of CDR in smr-/+)
	0.7
	0.5
	0.9
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Results
One-way sensitivity analysis shows that varying a set of natural history parameters has little influence on the impact of the “NSP” portfolio (Table D, Figure F). The only parameter which generated a greater than 3% difference was tbart suggesting that a driver of the impact of the portfolios is the effect of ART on the risk of acquiring TB in those with HIV. Lowering the parameter, decreases the impact of the NSP (negative values in Figure F) reflecting that the ART components of NSP will have a greater impact if ART makes those with HIV exactly like those without HIV (baseline value of tbart ==1). The other parameters have little effect on the impact. 

Table D: Reduction in TB incidence and mortality, with different parameter values, from 2012 levels. “Y” indicates where the reductions are greater than the targets at this time point. An “X” indicates where the reduction is less than the NSP target for 2016 or 2032 or not at the 2032 target by 2050. 
	
	
	2016
	2032
	2050

	NSP target
	
	50% reduction
	Zero new cases and deaths 
	

	
	
	Incidence
	Mortality
	Incidence
	Mortality
	Incidence
	Mortality

	
	Baseline
	
	X
	Y
	X
	X
	X
	X

	Natural history parameters
	 tbart 
	low
	X
	Y
	X
	X
	X
	X

	
	
	high
	X
	Y
	X
	X
	X
	X

	
	 Iprotn 
	low
	X
	Y
	X
	X
	X
	X

	
	
	high
	X
	Y
	X
	X
	X
	X

	
	 Rxpd 
	low
	X
	Y
	X
	X
	X
	X

	
	
	high
	X
	Y
	X
	X
	X
	X

	
	 deltansmr 
	low
	X
	Y
	X
	X
	X
	X

	
	
	high
	X
	Y
	X
	X
	X
	X





[image: Description: Macintosh HD:Users:londonschool:Documents:My Documents:SA model:Results_2014:output_march2014:tornado_nathist.pdf]
Figure F: Different in percentage reduction in TB incidence from 2012 value by 2050 for one-way sensitivity analysis of four model parameters. In blue is the output for low parameter values, red for high values. Plotted here is the percentage reduction with the changed parameters at 2050 minus the percentage reduction at 2050 in the NSP portfolio from the main analysis.
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