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Increased HIV incidence in men who have sex with men despite high levels of ART use: analysis of an extensively documented epidemic 
Supplementary Analysis Methods and Results  

Analysis Methods

The parameters relating to sexual risk behaviour, transmission and testing and the distributions from which potential values were sampled are shown in Supp Table 1.  Seven parameters determine the sexual behaviour: relative average sexual behaviour with short-term partners (μ7) the skewness in the distribution of number of short-term condomless sex partners (μ2 and μ3, with the former determining the most extreme numbers of short-term sexual partners), the rate with which new long term condomless sex partnerships are formed (μ4), and the proportions of men who have a lifetime reduced likelihood of short term condomless sex partners (μ6).  A correlation is induced by the sampling of the parameter μ7 in order to provide a focus on parameter space most likely to give low values of the overall fit.  For example, if the sampling of μ1-μ5 is such that values chosen are at the higher end of the distribution and μ6  is at the lower end of the distribution then the simulation run will produce an epidemic which is too large, unless there is some compensation when selecting the value of μ7.  To indicate what these distributions mean in terms of the proportion of men with a condomless anal sex partner (short or long term) in the past year, they are such that the distribution ranges from 0.10 to 0.92 (5%-95% range 0.22-0.50) in 1995.  
Parameters relating to transmission are the transmission rate per 3 months per short term condomless partner with HIV (μ1) with a distribution representing the level of uncertainty and the fold higher risk of transmisison per 3 months from a long term partner compared with short term (due to more sex acts - μ5).  As illustrated in Supp Fig 1, we specified changes in relative sexual risk behaviour (compared with that in 1980) from 1980 to 1998, with a decline in the early 1980's (as was observed1), followed by a prolonged period to 1998 of reduced risk behaviour.  There is evidence of significant increases in risk behaviour in the late 1990's 2-6, and likewise there was likely an increase in testing in 2001 with introduction of opt-out testing in GUM clinics 7.  We therefore parameterized changes in risk behaviour and testing assuming a step increase in 1998 for risk behaviour followed by a linear change, and a linear change in underlying testing rate from 2001.  Suppl Table 1 shows the distributions from which we sampled potential values for the parameters.    Parameters relating to natural history of HIV and the effect of ART were fixed, using values which have previously been shown to give a close fit to observed data 8,9.  
Model outputs were formally compared with data obtained as part of HIV surveillance activities carried out by the HPA (numbers seen for care for HIV in 2005 and 2010, cumulative numbers testing positive for HIV in time periods 1984-2002, 2003-2005, 2006-2008, 2009-2010, estimated number of people living with HIV aged 15-59 in 2008, median CD4 count at diagnosis in 2005, 2008 and 2010, the percent diagnosed within 6 months of infection in 2009/2010 10, the proportion of MSM reporting having tested for HIV in the past year in 2008 and the proportion of men having at least one condomless sex partner in the past year in 200011.  Supp Table 2 shows the observed values of these data.  For each data item the fit was calculated as |observed value - model output value| / observed value.  We divided here by the observed rather than the model output value as this provided greater stability.  The overall fit was calculated as the sum of the fit to each of the data items with the weights shown in Supp Table 2.  The weights were based on a subjective judgement and chosen to reflect prior considerations of the importance placed that on the model fitting the various different data items and the confidence in the data.  For the proportion of men tested in the past year data from the Gay Men's Sex Survey suggest a value > 30%, while number of tests performed in MSM suggest a figure closer to 10% and we used a value of 15%, with the low weighting reflecting the uncertainty over the data.   Although not part of the formal fitting, we also compared with estimates of the number of men living with HIV, using the MPES approach, based on prevalence survey data 12. 
The model was run 10,000 times, independently varying at random these parameter values with distribution as shown in Supp Table 2.  For parameter sets with fit value < 2 we repeated runs multiple times and kept only parameter sets for which the fit value was consistently < 2. To generate uncertainty bounds we first excluded any runs for which the value for the overall fit value was > 2 then the median and 90% range (5%-95% centiles) over remaining runs were plotted.  These parameter sets were used when considering counter-factual scenarios in which ART was not used, condoms ceased to be used, there were higher levels or testing and where all people were treated with ART at diagnosis.  Uncertainty bounds for the counter-factual scenarios are based on the 90% range of all runs in the counter-factual scenario, excluding runs for which the fit value for the cumulative number with HIV diagnosed by 1998 was > 0.15..
Results of model fitting
From the 10,000 runs, 262 parameter sets gave a fit value < 2.   A comparison of model outputs for these 262 runs with a range of observed data is shown in Fig 1 of the main paper.   Supp Figure 2 shows the fit of this model to other data, and further model outputs.  For these 262 parameter sets resulting in good model fit the distribution of the parameter value indexing change in condomless sex with short term partners after 1998, βr, had a median 0.012 (90% range 0.002 - 0.022), supporting the fact there was an increase in condomless sex.   After re-running multiple times using these parameter sets we restricted to 58 parameter sets for which the fit value was consistently < 2 for use in assessing counter-factual scenarios.  Uncertainty bounds were each based on over 150 runs in which parameter sets were sampled from the 58 sets.
Supp Fig. 1.  Parameterization of changes in average sexual behaviour and rate of testing. 
[image: image1.png]5 LB R 8 B &

3545

2555

mmodel
=SOPHID




(a) 

[image: image2.png](proportion of
MSM with HIV)
02
o1
01
3045
005 EE | e
=
0
1080 1985 1990 1895 2000 2005 2010




(b)  
Supp Fig 2  - Further model outputs (continuation of Figure 1 in main manuscript)
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(a)  Proportion of all HIV negative MSM tested in the past year, 
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(b)  Number of people living with HIV aged 15-60.  "Data" are estimates from MPES method which uses data from HIV prevalence surveys 1, 41, 

(c)  Proportion diagnosed within 6 months of infection (HPA).  Data points  from HPA 1, 
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(d)  Number of men with undiagnosed HIV. 
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(e) age distribution for men seen for care in 2010 (observed data from SOPHID 10)
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(f) Proportion ever tested for HIV.  Observed data (black squares)  from Gay Men's Sex Survey 6.
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(g)  Rate of HIV diagnosis in those with undiagnosed HIV
[image: image10.png]Proportion of menoffART and sesnfor care.
with CD& count<350 /mm?

1
08
0z
07
05

=28

1080 1985 1990 1995 2000 2005 2010



(h) HIV prevalence by age group
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(i)  Proportion of men infected by a short-term partner
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(j) Proportion of men reporting > 10 condomless anal intercourse partners in past year. Data point from 2010 is from NATSAL  (Mercer C, personal communication)
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(k) Proportion of men infected by a man in primary infection
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(l)  Proportion of men under care and not on ART with CD4 count < 500.  Data (black squares) from SOPHID 10.
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(m)  Proportion of men under care and not on ART with CD4 count < 350.  Data (black squares) from SOPHID 10.
(n)  Proportion of men under care and not on ART with CD4 count < 200.  Data (black squares)  from SOPHID 10.
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(o)  Proportion of men on ART with CD4 count < 500.  Data (black squares) from SOPHID 10.
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(p)  Proportion of men on ART with CD4 count < 350.  Data (black squares) from SOPHID 10.
(q)  Proportion of men on ART with CD4 count < 200.  Data (black squares)  from SOPHID 10.
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Supplementary Table 1.  Parameter values and distributions reflecting uncertainty in parameter values+.
Parameter





Value / distribution
      Basis for choice
-----------------------------------------------------------------------------------------------------------------------------------------
Parameters relating to risk behaviour and 
transmission

Rate of transmission through anal sex per 3 months




Refs 13-17













Short term condomless sex partner 



primary infection


0.100





VL > 5.7 log



0.050



4.7 < VL < 5.7 log


0.030



3.7 <  VL < 4.7 log


0.015



2.7 <  VL < 3.7 log


0.005



VL < 2.7 log



0.0001

Fold change in infectivity for given VL (μ1)

exp (Normal(0, 0.25)  


Value of multiplicative factor determining 

7 x exp (Normal(0, 0.25)  
11-18, numbers of partners for those in highest 






(incl personal
new partner group (see supplementary methods 





comm from
describing model) (μ2)








authors)

Value of and fold change in multiplicative factor  

3.5 x exp (Normal(0, 0.25) 
as above determining numbers of partners for those in second





highest new partner group (see supplementary 
 





methods describing model details) (μ3)
Probability of new long term condomless sex partner
0.06 x exp (Normal(0, 0.25) 
 Assumption
(per 3 months) (μ4)
Fold higher risk of transmission to long term 

4 x exp (Normal(0, 0.25)  
Assumption
condomless sex partner compared with short term 




& preliminary 
(due to a greater number of sex acts) (μ5)





fitting~
Proportion of individuals with a 50% (75%) reduced
0.4 x exp (Normal(0, 0.25) 
Assumption
lifetime likelihood of short term partners (μ6)

(above value / 2)

& preliminary











fitting~

Factor determining median number of new partners
( μ6 / μ1.μ2.μ3.μ4.μ5 )

Preliminary
(μ7) *






x exp (Normal(0,0.10)  

fitting~
Fold change in rate of transmission rate when viral
exp (Normal(0, 2.0)  

Perceived
load undetectable for short term partners 





uncertainty
(per 3 months)












αr  (see Supp Fig 1)^




0.27 x exp (Normal(0, 0.25))
Ref 1, 











Preliminary












fitting~
α'r  (see Supp Fig 1)




0.35 x exp (Normal(0, 0.25))
Preliminary 











fitting~


βr  (see Supp Fig 1)




Normal (0.012, 0.006)

Refs 2-6




Proportion of men who substantially reduce number 

of new partners (by 90%) after HIV diagnosis

Beta (7,7)


Ref 18, 19
Proportion of men who substantially reduce probability
Beta (5,20)


Ref 19
of condomless sex with long term negative partner 
(by 90%) after HIV diagnosis









Parameters related to testing and diagnosis
αt  (see Supp Fig 1)




0.12 x exp (Normal(0, 0.25))
Preliminary











fitting~


α't  (see Supp Fig 1)




0.28 x exp (Normal(0, 0.25))
Preliminary











fitting~

βt   (see Supp Fig 1)




Normal (0.005, 0.003)

Ref 7  




Fold reduction in probability of testing if no

Normal (3.5, 1.0)

Assumption,
condomless sex partner in past year






based on 










preliminary











fitting~
Fold increase in probability of testing if


Normal (3.0, 1.0)

Assumption,
at least one condomless sex partner in past year





based on











preliminary










fitting~

Proportion with reluctance to test


0.50 x exp (Normal(0, 0.25) 
Refs 6,11
(4-fold reduced testing rate)








Proportion not testing (if no AIDS)


0.25 x exp (Normal(0, 0.25)
Ref 6
----------------------------------------------------------------------------------------------------------------------------------
+ Further details on parameter values is given in Supplementary Model Details.  Distributions here reflect perceived level of uncertainty, which are subjective.  Parameter values are derived directly from the cited literature in some cases but in most the cited literature did not present estimates of parameter values exactly corresponding to parameterization of the model and was thus used to inform the presence and approximate magnitude of relationships but not to directly provide the parameter value used.  Nonetheless, our inferences are based on sets of parameter values which result in a good fit to the data, as illustrated in Fig 1 and Suppl Fig 2. The resulting fit of the model to data on HIV natural history and the effect of ART is shown in supplementary model details. 

* the correlation 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 μ1-μ5 is such that values chosen are at the higher end of the distribution and μ6  is at the lower end of the distribution then the simulation run will produce an epidemic which is too large, unless there is some compensation when selecting the value of this parameter.
^ The exact timing (between 1983 and 1985) of the reduction in risk behaviour in the 1980s is dependent on the number of people infected such that the reduction occurs when 7000 men have been infected.  This is due to the stochastic run-to-run variability (for the same parameter value set). 

** parameters relating to natural history of HIV and the effect of ART were fixed, using values which have previously been shown to give a close fit to observed data 8,9
~ preliminary fitting refers to the informal stage of model building from our highly parameterized starting model in which the structure is derived, based on a decision to hold certain parameters fixed and thus form part of the structure, and the plausible range of values for other parameters is ascertained.    This process of how to simplify a complex model into a simpler one to address a given question is in many ways equivalent to the process of building a new model to address a given question. 
Supplementary Table 2.
Data item used in fit+






Weight

Observed












Value


---------------------------------------------------------------------------------------------------------------------

numbers seen for care for HIV in 
2005 



1.0

20041






2010



1.0

29647

cumulative numbers testing positive for HIV in time periods 






1984-1998


1.0

23430







1999-2002


1.0

6753






2003-2005


1.0

7169







2006-2008


1.0

8030







2009-2010


1.0

5276


median CD4 count at diagnosis in 
2005



1.0

390

median CD4 count at diagnosis in 
2008



1.0

405

median CD4 count at diagnosis in 
2010



1.0

415

percent diagnosed within 6 months of infection in 2009/2010)
0.5

0.21

proportion of MSM reporting having tested for HIV in the past 

year in 2008*)







0.2

0.15*
  

percent reporting condomless anal intercourse in past year

0.2

0.37**










---------------------------------------------------------------------------------------------------------------------

+ note that we compared the outputs of the final model with a larger array of data (see fig 1 in main manuscript and supp Fig 2).  All data from HPA 10  except where stated.

* data from Gay Men's sex Survey 6 suggest higher values (> 30%), while number of tests performed in MSM suggest a figure closer to 10%.  The low weighting reflects the uncertainty over the data.  

** NATSAL 2000 11
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