Supplementary table 1: Country specific estimates of deaths averted and switches of individuals without resistance, based on scaling up according to estimated number of people living with HIV from the median 880,000 from the modelled setting scenarios.
	Country
	Population > 15 in (millions) +
	Number of people > 15 living with HIV (PLWHIV) in 2016 ¥
	Deaths averted per year using a strategy of defining failure with a single VL > 1000 ¥ *
	Individuals without resistance switched to second line per year if failure defined as two consecutive VL > 1000 cps/ml*

	Individuals without resistance switched to second line per year if failure defined by Single VL > 1000 cps/ml*

	Modelled scenario
	10
	880,000
	1,322 (90% range 67 to 3,513)
	301 (90% range 33–1,338)
	7,285 (90% range 3,538–14,653)



	South Africa

	39.7


	6,800,000
	10,215
	2,326
	56,293

	Zimbabwe

	9.5


	1,219,000
	1,831
	417
	10,091

	Malawi

	10.1
	926,000
	1,391
	317
	7,666

	Zambia

	9.1
	1,127,000
	1,693
	385
	9,330


+ 2016 World Banks estimates, https://data.worldbank.org

¥ http://www.unaids.org/sites/default/files/media_asset/20170720_Data_book_2017_en.pdf2 consec vl: 301 (33 - 1338) single vl: 7285 (3538 – 14653) within setting scenario difference: 6874 (3404 – 13737)

* These estimates have been derived in our model for a hypothetical country with 880,000 PLWHIV, country specific estimates were derived by increasing these estimates in proportion to the number of people living with HIV in the country of interest.

Supplementary table 2: Parameter distributions sampled for each model run (each model run creates one setting scenario). We based the demographics of the population studied and HIV epidemic features around those for Malawi and then sampled widely from parameter distributions in order to generate diverse setting scenarios in respect of many epidemic aspects, such as sexual behaviour, HIV prevalence, ART uptake and HIV incidence. The comparison of these setting scenarios with observed data is shown in Table 1 of the main paper. 
	Parameter name
	Description
	Distribution (value; % with value)
	Motivation for distribution

	Parameters relating to sexual behaviour See section 2.3.
	

	Swn
	Value of multiplicative factor determining numbers of partners for those in highest new partner group (i.e. female sex workers)
	4

13·22


8

19·18


12

21·34


16

23·52


20

22·74
	This parameter helps to determine the extent to which the epidemic is driven by transactional sex, which is likely to vary in specific setting scenarios· The % of women who are sex workers varies from < 0·5% to over 4% 1 

	highsa
	Value of and fold change in multiplicative factor determining numbers of partners for those in second highest new partner group
	4

20·62


5

21·34


6

18·54


7

19·06


8

20·44
	Range of values that was found, in certain (randomly selected) combination with other sexual behaviour parameter values to re-produce epidemics within the observed prevalence range·
Note also that sexual behaviour tends to be under-reported, particularly in women, and higher levels of behaviour have to be assumed both to be consistent with levels of risk behaviour reported in men, and to generate an epidemic of the %s observed 2,3

	sex_beh_trans_matrix
	Matrix determining rate of transition between four levels of sexual behaviour. There are two versions (see section 2.3)
	A

8·46


B

91·54
	Range of values that was found, in combination with other sexual behaviour parameter values to re-produce epidemics within the observed prevalence range. We considered that version B is more likely to be closer to reality mainly because it leads to a lower % of men and women with high numbers of condomless partners, more in keeping with data from the DHS (Malawi Demographic and Health Survey)4, albeit that the DHS data are not restricted to condomless sex· 

	p_rred_p
	Indicates the % of the population in whom the sexual risk behaviour is very low 
	0·1

17·16


0·2

19·34


0·3

19·40


0·4

20·40


0·5

23·70

	In order to include a person-level effect on sexual behaviour this and the parameter below allow the population to be divided into three according to the lifelong tendency to have condomless sex. This range of values that was found, in some combination with other sexual behaviour parameter values, to be able to re-produce epidemics within the observed prevalence range. 

	p_hsb_p
	Indicates the % of the population in whom the sexual risk behaviour has a tendency to be higher than average
	0·02

4·04


0·05

17·96


0·1

25·72


0·15

26·62


0·2

25·66

	As above

	newp_factor
	Overall average level of sexual risk behaviour. The correlation with the above parameters induced by the sampling of this parameter is to provide a focus on parameter space most likely to give low values of the overall fit. For example, if the sampling of swn and highsa give values at the high end of the distribution and sampling of p_rred_p produces a value at the low end then the model simulation run will produce an epidemic which is too large, unless there is some compensation when selecting the value of this parameter.
	3 x (4/highsa)x(7/swn) x (p_rred_p/0.2) x (0.1/p_hsb_p) x exp(Normal(0, 0.52)
	See description of parameter 

	conc_ep
	Parameter indicating the degree to which those with a long term condomless sex partner have a lower of higher probability of short term condomless sex partners than those without a long term condomless sex partner. 
	Lognormal(0,0·6)
	This is likely to vary across setting scenarios and we wished to consider across the range. Again, this distribution of values was found, in certain (randomly selected) combination with other sexual behaviour parameter values to re-produce epidemics within the observed prevalence range.

	ych_risk_beh_newp
	Degree of reduction in condomless sex with short term partners per year from 1995 – 2000
	0·12

25·00


0·14

24·58


0·16

22·48


0·18

18·18


0·2

9·76

	In order to explain the decrease in incidence and prevalence of HIV in southern Africa in the late 1990s it is necessary to assume there was a reduction in condomless sex, which is supported by data in Zimbabwe, for example 5,6.

	ych_risk_beh_ep
	Degree of reduction in condomless sex per year with long term partners from 1995-2000
	0

20·52


0·02

21·08


0·04

20·24


0·06

19·88


0·08

18·28

	As above

	ch_risk_diag_newp
	Degree of reduction (fold change) in condomless sex with short term partners in a person diagnosed with HIV
	0·7

25·14


0·8

25·20


0·83

5·50


0·9

24·78


1

19·38

	Informed by Fonner et al 20127,

	ch_risk_diag
	Degree of reduction in condomless sex with long term partner in a person diagnosed with HIV
	0·7

30·26


0·8

25·50


0·9

24·70


1

19·54

	Informed by Fonner et al 20127

	ych2_risk_beh_newp
	Degree of change in condomless sex with short term partners per year from 2010 – 2015
	-0·04

6·56


-0·02

6·62


0

73·38


0·02

6·78


0·04

6·66
	It is uncertain whether there have been recent changes in condomless sex, hence a neutral distribution was used.

	Parameters relating to transmission See section 2.3.
	

	fold_change_w
	The fold difference in female to males transmission rate compared with male to female, for a given viral load.
	1

8·62


1·25

8·64


1·5

82·74


	Informed by the higher incidence and prevalence in women in younger age groups and some direct evidence· 

	res_trans_factor
	parameter determining the probability that if NNRTI resistance mutation present in source partner that this is not present/detectable in virus new host
	0·67

4·58


0·8

4·86


1

19·64


1·5

20·06


2

26·32


3

19·70


4

4·84


	Informed by the values needed to lead to the range of transmitted NNRTI resistance observed8–10 

	Parameters relating to HIV testing See section 2·5.
	

	an_lin_incr_test
	Parameter determining the rate of increase in HIV testing (any testing outside ANC)
	0·0005

24·72


0·002

24·60


0·005

26·20


0·01

24·48

	Range and pattern required to re-produce the observed range in % of HIV positive people diagnosed (see Table 1 of main paper)· 

	date_test_rate_plateau_
	Year in which the rate of HIV testing plateaus
	2011·5

34·16


2013·5

32·58


2015·5

33·26
	Countries have increased testing rates markedly and these have plateaued at different levels in different settings (e·g Government of Malawi Ministry of Health Quarterly Reports)· 

	rate_testanc_inc
	Rate of increase in testing in ANC clinics
	0·005

24·72


0·01

25·12


0·015

25·34


0·02

24·82

	Government of Malawi Ministry of Health Quarterly Reports· Again distribution is intended to reflect variation across setting scenarios

	incr_test_rate_sympt_

	The rate of increase over time in the probability of a person with a WHO stage 3 or 4 disease is tested for HIV
	1·00

19·44


1·05

20·00


1·10

19·82


1·15

19·24


1·20

21·50



	Little direct data on this parameter and wide range taken to reflect uncertainty and variation across settings

	Parameters relating to pre-ART care and progression of HIV
	

	Fx
	Multiplicative factor to alter the average rate of CD4 count decline in natural HIV progression (which thus alters the incubation period distribution).
	0·7

21·50


0·8

19·92


0·9

19·90


1

19·62


1·1

19·06
	Derived based on consideration of evidence from natural history studies 11–19· See section 2.4.

	prob_loss_at_diag
	Probability that a person is immediately lost after initial HIV diagnosis.
	0·1

43·20


0·25

33·28


0·4

11·34


0·55

12·18

	20

	rate_lost
	For people under care yet to start ART or previously have taken ART, the rate of being lost to care per 3 months.
	0·05

20·64


0·1

19·68


0·15

20·22


0·3

19·86


0·5

19·60

	Uncertain and will vary by setting. Distribution chosen to reflect this. This is one of the parameters influencing the % of diagnosed people on ART.

	rate_return
	Probability of return to care for a person who has been diagnosed with HIV (and may have started ART) but is now lost and not on ART, without current WHO stage 3 or 4 disease, per 3 months. 
	0·01

19·66


0·1

19·78


0·15

20·18


0·2

20·00


5

20·38

	As above

	prob_return_adc
	Probability of return to care for a person who has been diagnosed with HIV (and may have started ART) but is now lost and not on ART and has a WHO stage 4 condition. This is a probability that operates just for the 3 month period that the events occurs.
	0·2

25·10


0·4

24·64


0·6

23·74


0·8

26·52

	As above

	rate_loss_persistence 

	Rate of loss from majority virus of transmitted resistance mutations (per 3 months)
	0

8·28


0·005

10·36


0·01

9·26


0·015

40·06


0·02

30·62


0·04

1·42

	21–23

	Parameters relating to people on ART (see section 2·6)
	

	adh_pattern
	Population adherence profile; described in terms of the % having a given average adherence and period-to-period variability in adherence
	B

35·70

C

23·06

D

2·94


E

2·10

F

21·90

G

8·92

H

3·58


I

1·80
	Reflection of wide range of adherence profiles in different settings, informed by differences in %s of people on ART with viral load suppression· 

	pr_art_init
	Probability of ART initiation per 3 months in a person in care who is eligible according to current criteria
	0·1

23·86


0·2

25·60


0·3

24·46


0·4

26·08
	These parameters contribute to determine the % of HIV diagnosed people who are on ART· The distributions are chosen such that combinations of these parameters lead to observed %s of HIV diagnosed people on ART 24–27· 

	prob_lost_art
	For a person who interrupts / stops ART the probability that they are simultaneously lost from care
	0·5

19·98


0·6

20·22


0·7

20·38


0·8

19·14


0·9

20·28

	28,29· See also Fig S14 and rationale described in Section 2·6

	rate_restart
	Rate of restart of ART for people who previously have been on ART and have returned to care, per 3 months
	0·2

24·84


0·4

25·06


0·6

25·48


0·8

24·62

	30. Assumed to be high, given the person has returned to care. Most people who are regularly seen in clinics who have previously started ART are on ART.

	rate_int_choice
	Rate of interruption / stopping of ART per 3 months. Also influenced by current drug toxicity and underlying tendency to adhere.
	0·005

20·44


0·01

20·74


0·015

36·90


0·03

11·10


0·05

10·82

	28,29. See Fig S14 and rationale described in Section 2.6.

	incr_rate_int_low_adh
	Parameter indicating the extent to which people with a long term average adherence in the lowest group have a multiplicatively increased risk of ART interruption. 
	1

50·52


2

49·48

	31

	pr_switch_line
	Probability of switch to second line per 3 months in a person who has fulfilled the failure criteria for first line failure.
	0·005

25·96


0·02

24·52


0·05

24·90


0·2

24·62

	32,33. In several settings, including Zimbabwe, the % of people who have started second line ART is consistent with a value for pr_switch_line of below 0.1 (e.g. Lesotho, Malawi) (Government of Malawi Ministry of Health Quarterly Reports).



	clinic_not_aw_int_frac 

	If a person interrupts ART, the probability that this is not disclosed to the clinic and they are classified as being on ART 
	0·1

19·72


0·3

20·16


0·5

19·98


0·7

20·24


0·9

19·90

	Uncertain and will vary by setting, hence a broad distribution. 

	poorer_cd4_failing_nnrti
	Extent to which CD4 decline is greater in those virologically failing an NNRTI regimen.
	< 10 / mm3 / 3 months
6.64

8 – 10

 13·26

6 – 8 
 23·08

4 – 6
 26·56

2 - 4

 18·64

0 – 2
 8·60

< 0 3·22
	PIs are assumed to lead to a more beneficial CD4 count change than NNRTIs34. 

	fold_change_mut_risk_
	Fold difference in rate of accumulation of mutations (for all drugs) compared with base case.
	1

 95·38


2

 4·62

	To consider that the rate of resistance mutation acquisition is two fold higher than that assumed, but this is thought to be unlikely given the data to inform this parameter (hence the low % with value 2). See Fig S11, S1235

	rate_res_ten_
	Parameter reflecting the rate of acquisition of tenofovir resistance. The value of 0.1 was derived based on European cohort data and the value of 0.3 reflects the potentially higher value for subtype C in southern Africa. 
	0·1

 9·88


0·3

 90·12

	The TenoRes Study Group. Global epidemiology of drug resistance after failure of WHO recommended first-line regimens for adult HIV-1 infection: a multicentre retrospective cohort study.36
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