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Text S1: technical supplementary information for “The potential impact of pre-exposure 

prophylaxis for HIV prevention among men who have sex with men and transwomen in Lima, 

Peru: a mathematical modelling study” GB Gomez; A Borquez; CF Caceres; ER Segura; RM Grant; GP 

Garnett; TB Hallett 

 
 

The methods will be described in the following four parts: (1) the technical specification of the mathematical 

simulation model; (2) parameter values and sources used to fit the model; (3) unit cost estimation for a hypothetical 

PrEP intervention; and (4) calculation of disability-adjusted life years (DALYs) averted per HIV infection averted in 

Peruvian male adults. 

 

1. Technical specification 

 

We present a deterministic, compartmental model to represent the sexual transmission of HIV amongst men who 

have sex with other men (MSM) and transwomen in Lima, Peru. To represent HIV spread in the model, we defined 

four interacting groups of men: men that mostly have sex with women (MMSW), men that mostly have sex with 

men (MMSM), sex workers, and transwomen (including transsexuals and transvestites) at higher risk. These 

categories are intended to represent a broad spectrum of sexual identities, orientations, and behaviours including 

numbers of partners, types of partnerships formed (stable, casual, commercial), condom use, and sex work (defined 

as the exchange of anal sex against for money, drugs, gifts, or favours). Our subgroups definitions are presented in 

table 1 below.  

 

Table 1 - Definition of groups. 

 

Men that mostly have sex with women (MMSW) 

Men that mostly have sex with women may 

sporadically form commercial or casual partnerships 

with other men; sexual roles for MMSW were 

restricted to insertive and versatile (which includes 

both insertive and receptive anal sex acts) as the 

receptive role is less often reported among men who 

identify themselves as heterosexual.  

 

 

Men that mostly have sex with men (MMSM)  

Men that mostly have sex with men represent men 

who generally self-identify as gay or homosexual. 

They might be in a stable partnership with another 

man, and occasionally form commercial partnerships 

with other men. They can be insertives, receptives or 

versatiles.  

 

 

Sex workers  

Sex workers may have sex with men and women but 

their main source of risk is to report compensated sex 

with other men. They form commercial partnerships 

mainly with MMSW and MMSM, and occasionally 

with trans. Sex workers can be insertives, receptives or 

versatiles.  

 

 

Transwomen at higher risk 
This group represents a high risk sub-group of the 

transgender population, which includes transsexuals 

and transvestites. They self-identify as “trans”, have a 

large number of partners in average, higher 

prevalence, and a high proportion reports compensated 

sex. This sub-group was assumed to always play the 

receptive role during anal sex, as this is the role 

reported by the majority of trans.  

 

The course of HIV infection was represented as distinct phases of disease progression defined by duration and 

infectiousness (Figure 1)[1]. When an individual gets infected, he enters a phase of acute infection (short duration, 

high infectiousness) and progresses to a latent phase (long duration, low infectiousness), before entering a pre-AIDS 

phase (short duration, high infectiousness). The disease finally progresses to an AIDS phase (short duration, no 

infectiousness due to an interruption of sexual activity), followed by death. A proportion of infected individuals 

receive antiretroviral treatment (ART) when their CD4 count is under 200 cells /mm
3
, before they enter the pre-

AIDS stage. ART reduces infectiousness and extends survival.  
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Figure 1 – Progression of HIV infection.   

 

 
 

Men initially enter the model as susceptible and spend an average time period in each group. MMSM and MMSW 

have a slower turnover than transgender at higher risk and sex workers which reflects the transitional aspect of sex 

work. Once individuals exit the model, they are replaced and allocated to each group according to the initial 

population distribution by group. The population grows at an average rate of 2%[2]. Condom use was modelled to 

increase linearly from 1995 until 2005, and to remain constant at the rate reported thereafter. ART was introduced 

free of charge in Peru in 2004[3]. We modelled this introduction, with a small coverage starting in 2002 and a linear 

increase up to a 2007 coverage level of 48%[4]. It then continues to increase and stabilises at 80% coverage. 

 

The model is defined by ordinary differential equations to simulate how HIV spreads over time. They are shown 

below. The state variables are given by )(, tX s

ak  and )(, tXP s

ak , corresponding to people who are not on PrEP and to 

people either on PrEP (while susceptible) or who have been on PrEP (if infected), respectively. t is the time elapsed 

in the simulation; s is the infection-status (1= susceptible; 2= acute infection; 3= latent infection; 4= pre-AIDS; 5= 

AIDS;  6= ART), k is „sexual behaviour‟ (1= Insertive MMSW; 2=Versatile MMSW; 3=Insertive MMSM; 

4=Versatile MMSM; 5=Receptive MMSM; 6=Insertive sex worker; 7=Versatile sex worker; 8=Receptive sex 

worker; 9= receptive transwomen at a higher risk), a is the PrEP adherence group (1=good; 2=average; 3=poor).  
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s1 is the mean time spent in infection phase s; 
ak ,  is the force of infection for individuals of that type and 

behaviour;  is the death rate,

k

1
 is the net mean time spent in each sexual behaviour group.  t is the population 
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growth rate over time; 
ak ,  is the proportion of people in each of the sexual behaviour and adherence groups. A 

certain proportion of infected individuals receive ART depending on coverage at time t (  t ). People who exited 

the population due to background death, AIDS related death or population turnover are continuously replaced into 

the susceptible group 
1X and distributed according to

ak , . Equally, susceptible individuals who are not on PrEP 

continuously move to the “susceptible on PrEP” compartment ( )(1

, tXP ak ) so that the PrEP coverage at that time 

point  tk  is maintained. They are distributed into each adherence group according to a .
 
The boundary 

conditions of the system are: 

0,

3

,

0,

1

,

)()0(

)1()0(

NseedX

NseedX

akak

akak








 

0N is the size of the MSM and Transgender population at the start of the simulation and seed  is the HIV 

prevalence at the start of the simulation in all parts of the population. 

Force of infection 

The force of infection determines the rate of progression from susceptible to infected. The force of infection through 

sexual contact depends on: the number of insertive and receptive partnerships 
iC and 

rC , respectively, the pattern 

of sexual partnership formation with respect to sexual behaviour (i.e. the proportion of partnerships formed with 

each of the sexual behaviour groups for insertive and receptive partnerships (
i

kk ',  and
r

kk ',  respectively), the 

number of sex acts occurring within that partnership (
',kk ), the infection-status and stage of infection of the 

partner, the fraction of sex acts in which a condom is used (
',kk ) and the efficacy of condoms in reducing the risk 

of HIV transmission ( ).
i

s and 
r

s  are the probabilities of HIV transmission per sex act for each stage of 

infection for insertive and receptive anal sex respectively. For individuals using PrEP, it will also depend on their 

adherence to the PrEP regimen, which determines the proportion of sex acts protected by PrEP ( a ) and on the 

efficacy of PrEP ( ). 
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The rate of sex acts in a partnership is set at three levels: (i) rate of sex acts in commercial partnerships, (ii) rate of 

sex acts in occasional partnerships, and (iii) rate of sex acts in stable partnerships. Table 2 describes the contact 

network and type of partnerships between groups. The frequency of condom use in partnerships is specific to each 

sexual behaviour group and is determined by the receptive partner.  

Table 2.  Contact patterns and type of partnerships formed between groups 

   
MMSW MMSM Sex workers Transwomen 

 
Sexual Role 

 
insertive versatile insertive versatile receptive insertive versatile receptive receptive 

  
k index 1 2 3 4 5 6 7 8 9 

MMSW 
insertive 1 

         

versatile 2 
         

MMSM 

insertive 3 
         

versatile 4 
         

receptive 5 
         

Sex workers 

insertive 6 
         

versatile 7 
         

receptive 8 
         

Transwomen receptive 9 
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Note: Light pink, darker pink and very dark pink corresponds to stable, occasional and commercial partnerships 

respectively. 

 

 

 

Mixing matrix 

The mixing matrix designs the proportion of partnerships that are formed with individuals from each of the groups. 

The first step is to determine who has sex with whom. Since our groups are divided in insertive, receptive and 

versatile roles, there are certain combinations that cannot occur: two insertive individuals. This is illustrated in table 

2. To balance the number of insertive and receptive partnerships we first defined a mixing matrix for the insertive 

individuals, reflecting their preference for certain types of partners, as well as a random mixing matrix where 

insertive individuals chose their partner according to the proportion of sex acts offered by each of the receptive 

groups - this assumes that the amount of sex the “providers” have is totally dependent of the demand. The extent to 

which the mixing was closer to satisfy the preferences of insertive individuals was determined by a parameter   

varying from one (totally assortative mixing) to zero (totally random mixing). The total number of partners among 

the receptive groups was then recalculated to respond to the demand and the mixing matrix for receptive individuals 

was updated.  
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i

kk ',',  and  define the proportion of total partnerships in group k that are formed with group k‟ for insertive and 

receptive partnerships respectively. 
',kkA is the expected proportion of partnerships that insertive individuals in 

group k will have with receptive individuals in group k‟ and 
',kkB is the proportion of receptive partnerships given 

by receptive individuals in group k‟ out of the total number of partnerships 
rC  given by all receptive individuals in 

all groups.  determines the extent to which the mixing is in accordance to the insertive partners preferences or 

dependent on availability. 'r

kC  is the updated number of receptive partnerships individuals in group k give in order 

to respond to the demand.  

 

2. Model fit: parameter values and sources 
 

Bayesian melding 
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The epidemic was simulated with 10,000 different parameter sets. A run was accepted if it fitted within the prior 

limits corresponding to two prevalence values in each of the groups. These two data points were chosen giving 

preference to large sample size studies: one closest to the beginning of the epidemic and one closer to date (coloured 

in blue in Table 3). To produce lower and higher bounds we arbitrarily subtracted and added 0.2 respectively. If the 

lower bound was negative it was replaced by zero. The most discriminative prior was the high prevalence observed 

among transwomen relatively early in the epidemic. The parameters allowed to vary were those describing sexual 

behaviour as well as a couple describing the natural history of infection. Descriptive statistics for their prior and 

posterior distributions are given in tables 4 and 5 when applicable. The parameters for which the posterior 

distributions diverged the most from the prior distribution were the basic transmission probability (towards higher 

values) and the year at which the epidemic started (towards earlier start) as well as the sex workers turnover 

(towards slower), the number of sex acts in a commercial partnership (towards higher values) and the number of sex 

acts in a stable partnership (towards lower values). In general, the selection process favoured parameter values that 

increased risk among sex workers and transwomen and decreased risk among MMSW.  

 

Table 3 – Prevalence by group 

Population year Sample size Prevalence Reference  

All MSM 1985 98 0·112 [5] 

All MSM 1988 124 0·065 [6] 

All MSM 1990 4300 0·262 [7] 

All MSM 1996 444 0·185 [8] 

All MSM 1997 1328 0·16 [9] 

All MSM 1998 4858 0·122 [10] 

All MSM 1998 1211 0·178 [8] 

All MSM 1998 469 0·182 [9] 

All MSM 2000 3200 0·165 [9] 

All MSM 2000 1357 0·197 [8] 

All MSM 2000 7041 0·139 [11] 

All MSM 2002 1358 0·223 [8] 

All MSM 2007 559 0·222 [12] 

All MSM 2008 225 0·093 [13] 

All MSM 2008 170 0·117 [13] 

All MSM 2008 390 0·21 [13] 

All MSM 2008 318 0·179 [14] 

MMSW 1996 129 0·139 [8,15] 

MMSW 1998 263 0·091 [8] 

MMSW 2000 533 0·084 [8] 

MMSW 2002 511 0·129 [8] 

MMSW 2002 165 0·025 [16] 

MMSW 2002 1124 0·073 [17] 

MMSW 2008 109 0·055 [13] 

MMSW 2008 21 0·29 [14] 

MMSM 1996 265 0·18 [8,15] 

MMSM 1998 796 0·181 [8] 

MMSM 2000 661 0·26 [8] 

MMSM 2002 562 0·262 [8] 

MMSM 2002 1760 0·195 [17] 

MMSM 2008 253 0·186 [14] 
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Transwomen 1996 48 0·333 [8,15] 

Transwomen 1998 134 0·343 [8] 

Transwomen 2000 96 0·448 [8] 

Transwomen 2002 255 0·322 [8] 

Transwomen 2008 208 0·178 [14] 

Transwomen 2009 459 0·296 [18] 

Sex workers 2008 169 0·243 [13] 

Sex workers 2008 181 0·265 [13] 

Sex workers 2008 183 0·284 [13] 

Sex workers 2008 391 0·207 [14] 

 

 

Table 4 – Incidence by group (infections/100 person years) 

Population year Incidence  Reference  

High risk MSM 1998-2000 3·5 [2·3-5·0] [19] 

All MSM 2002-2006 2·2 [1·3-3·6] [20] 

 

Table 5 – Distribution of risk in the population and risk behaviours 

Parameter 
Prior Value      

Mode [min-max] 

Prior Value 

Mean [variance] 

Posterior Value  

Mean [variance] 
Reference 

Proportion of all MSM: MMSW 0·2 [0·08-0·3] 0.19[0.002] 0.18 [0.002] [8,17,19,21,22] 

Proportion of all MSM: sex worker 0·15 [0·1-0·25] 0.17[0.001] 0.17 [0.001] [8,12,19,22,23,24] 

Proportion of all MSM: Transwomen 0·05 [0·043-0·1] 0.06[0.0002] 0.06[0.0001] [22] 

Mean duration: MMSW 20-30 24 [8.3] 24 [8.0] Assumption 

Mean duration: MMSM  25-35 29[8.3] 29[8.1] Assumption 

Mean duration: sex worker 2-10 3[5] 4[4.5] Assumption 

Mean duration: Transwomen 10-20 13[8.3] 13[7.6] Assumption 

N sex acts per commercial partnership 1-2 1.5[0.08] 1.7[0.06] Assumption 

N sex acts per stable partnership  40-80 60[133] 58 [132] [25] 

N sex acts per casual partnership 3-15 9[12] 9.6 [12] [26] 

Condom change 1.5-2 1.75[0.02] 1.76[0.02] [8,14,18,22] 

Epsi (mixing matrix) 0.6[0.4-0.99] 0-66[0.015] 0.64[0.013] Assumption 

Sexual behaviour: MMSW         

Pr of all MMSW: insertive  0·85 [0·8-0·9] 0.85[0.0004] 0.85[0.0005] [27] 

N partnerships/year: MMSW insertive  2[1-4] 2.3[0.39] 2.4[0.42] [14,15] 

Pr of protected sex acts: MMSW insertive  0·3-0·35 0.33[0.0002] 0.33[0.0002] [15,26,27] 

N partnerships/year: MMSW versatile 3·5 [1.5-4] 3[0.29] 3 [0.29] [14,15,26,27] 

Pr of protected sex acts: MMSW versatile 0·3-0·45 0.38[0.002] 0.38[0.002] [15,26] 

Sexual behaviour: MMSM         

Pr of all MMSM: insertive  0·25 [0·2-0·3] 0.25[0.0004] 0.25[0.0005] [12,17] 

N partnerships/year: MMSM insertive  1·2 [1-3] 1.7[0.20] 1.7[0.18] [14,28] 

Pr of protected sex acts: MMSM insertive  0·2-0·35 0.28[0.002] 0.28[0.002] [15] 

Pr of all MMSM: receptive 0·325 [0·3-0·35] 0.33[0.0001] 0.32[0.0001] [12,17] 

N partnerships/year: MMSM receptive 3[1-4] 2.7[0.4] 2.7[0.4] [14,15] 

Pr of protected sex acts: MMSM receptive 0·3-0·45 0.38[0.002] 0.38[0.002] [15] 
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N partnerships/year: MMSM versatile 3.5 [1.5-4] 3[0.29] 3[0.2808] [14,15] 

Pr of protected sex acts: MMSM versatile 0·25-0·4 0.32[0.002] 0.33[0.002] [15] 

Sexual behaviour: sex worker         

Pr of all sex worker: insertive  0·2 [0·15-0·25] 0.2[0.0004] 0.2[0.0004] [28] 

N partnerships/year: sex worker insertive  30 [10-35] 25[29] 27[27] [28] 

Pr of protected sex acts: sex worker insertive  0·05-0·2 0.13[0.002] 0.13[0.002] [28] 

Pr of all sex worker: receptive 0·4 [0·35-0·5] 0.42[0.001] 0.42[0.001] [28] 

N partnerships/year: sex worker receptive 30 [10-50] 30[67] 30[69] [28] 

Pr of protected sex acts: sex worker receptive 0·2-0·3 0.25[0.001] 0.25[0.001] [28] 

N partnerships/year: sex worker versatile 50 [30-60] 47[39] 48[37] [28] 

Pr of protected sex acts: sex worker versatile 0·1-0·25 0.18[0.002] 0.17[0.002] [28] 

Sexual behaviour: transwomen         

N partnerships/year: transwomen 80 [50-150] 93[439] 96[492] [14,26] 

Pr of protected sex acts: transwomen 0·35-0·45 0.4[0.001] 0.40[0.001] [15] 

Note: N: number; Pr: proportion; min: minimum; max: maximum; ref: reference. 

The parameters that determine the distribution of the population (i.e. the proportion of the total population 

represented by each group) are interdependent as they must add up to one. These were determined using a tree 

(Figure 2).  

 

Figure 2 – Calculation of the proportion of people in each group 

 

All MSM

MMSW MMSM

Insertive Versatile Transwomen Not Transwomen

Ins/Ver Receptive

Versatile Insertive

Sex worker Not sex worker (MMSM)

Ins/Ver Receptive

Versatile Insertive

F1 1 - F1

F12 1 - F12 1 - F3F3=F2/(1 – F1)

F5=F4/(1 - F1)*(1 - F3) 1 - F5

F91 - F9

F11=F10/(1 - F9)1 - F11

F61 - F6

1 - F8 F8=F7/(1 - F6)

Calculation of proportion in each group for LHS

 
 

 

 

Note: MMSW – men that mostly have sex with women; MMSM – men that mostly have sex with men; Ins – 

insertive; Ver – versatile. 
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Parameters that define the natural history of HIV (Table 6) were estimated from the general scientific literature and 

generalised across all settings. For reasons of computational efficiency, the uncertainty in these parameter values is 

not reflected in the estimates of uncertainty, with the exception of 
32  which corresponds to the baseline HIV 

transmission probability during an insertive anal sex act in the latent phase of infection. Parameters that describe the 

basic demography of the population (Table 7) are specific to each subgroup but are not used in the model „fitting‟ 

procedure.  
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Table 6 – Natural history of HIV  

 

Parameters Description Symbol 
Prior Value       

mode [min-max] 

Prior Value 

mean[variance] 

Posterior 

Value 

mean[variance] 

Reference  

Average transmission rate of HIV per sex act  if latent HIV infection β3-4 0·0028[0·002-0·004] 0.0026[3.8 10-7] 0.003[1.6 10-7] [29] 

Start of the epidemic year   [1970-1982] 1976[12] 1974.5[10.4] [30] 

Relative transmission rate per insertive anal sex act      1 

  

Def. 

Relative transmission rate per receptive anal sex act   (ref. insertive anal sex) ξ 5     [31,32] 

Relative infectiousness in acute phase infection  (ref. latent infection) β2 27 

  

[1] 

Relative infectiousness in latent phase infection    β3-4 1     Def.  

Relative infectiousness in pre-AIDS phase infection  (ref. latent infection)  β5 7·2 

  

[1] 

Relative infectiousness in AIDS phase infection  (ref. latent infection) β6 0     [1] 

Relative infectiousness of virally-suppressed individuals on ART  (ref. latent infection) β7-8 0·08 

  

[1,33] 

Mean duration of acute phase infection  months 1/2 3     [1,33] 

Mean duration of latent phase  years 1/3 10 

  

[1,33] 

Mean interval with elevated viral load, pre-AIDS  months 1/4 10     [1,33] 

Mean interval with AIDS before death  months 1/5 9 

  

[1,33] 

Mean duration of late ART viral suppression years 1/6 12     [33,34] 

Mean ART coverage of those in need (CD4<200)  2007 ART_cov 0·48 

  

[4,35] 

Efficacy of condoms   Ψ 0.8     [36,37] 

 

 

 

 

 

../../../../../../aborquez/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.MSO/19CD7C14.xls#RANGE!_ENREF_1
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Table 7 – Basic demography of the population 

Parameters Description Value Reference  

Population 15 to 49y 2007 4,767,148 [2] 

Population 15 to 49y 1981 2,503,140 [38] 

First report of AIDS cases in Peru  1983 [30] 

Proportion of the population that are men in Lima, Peru 2007 0·489 [2] 

Proportion of male-to-male sex in general population  0·06 [16,21,39] 

 

Figure 3 – Best fit and prevalence data for four sub-groups and the overall population. 

 

 
 

 

 

We explored the degree of uncertainty associated with the epidemiological assumptions. We calculated the 

number of infections averted for a low coverage (5%) scenario under all prioritisation strategies, using the 

iPrEX adherence profile and 92% efficacy assumption for each of the selected parameter sets. This 

corresponded to 449 runs as we applied additional filters to the 708 selected runs to ensure that the proportion of 

the population in each sexual behaviour group corresponded to what had been observed in recent studies, as this 

criterion was used together with the log-likelihood estimation to select our best fit. The resulting distributions 

for the 449 selected runs and for the best 50 fits according to log-likelihood are shown in figure 4. The number 

of infections averted used in the analysis for each scenario corresponds to the red lines.. In general, we see that 

although the range of infections averted is broad (from 758 to 1714, 1102 to 5085 and 915 to 5460 for the 

uniform, some prioritisation and high prioritisation scenario respectively), the distributions broadly follow a 

normal shape meaning that most results concentrate around the mean. The fit chosen falls close to both the 

median for all selected runs and for the 50 best fits for the some and high prioritisation scenarios. It falls close to 

the lower bound of the distribution for the uniform prioritisation scenario suggesting we might be under-

estimating the potential impact of this strategy. However, the main result remains unchanged with more 
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infections being averted when the intervention is prioritised to MSW and transwomen and with the scenarios 
we explored broadly meeting WHO criteria for cost-effectiveness. 

 

 

Figure 4 - Uncertainty around the number of infections averted for a ten year intervention for all  

coverage scenarios and all prioritisation strategies 
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Note: A: uniform prioritisation/low coverage; B: some prioritisation/low coverage; C: high prioritisation 

scenarios/low coverage; D: uniform prioritisation/high coverage; E: some prioritisation/high coverage; F: high 

prioritisation scenarios/high coverage. Red lines: best fit. 
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Finally, we investigated the potential implications of restricting our analyses to the 10 years of the intervention 

in terms of the number infections averted. Since it is possible that those who did not get infected while they 

were taking PrEP, get infected subsequently, we ran the analysis for an extra 60 years after the end of the 

intervention (corresponding to the life expectancy in the model). We found that the number of infections averted 

is greater when looking further into the future, suggesting averting infections during the 10 years of the 

intervention results in averting secondary infections later on. Results for the low coverage, all prioritisation 

strategies, under the IPrEX adherence scenario and assuming 92% efficacy are shown in table 8. 

 

Table 8 – Number of infections averted for the low coverage (5%) scenario under each prioritisation 

strategy when restricting the analysis to the intervention period and when projecting 60 years into the 

future. 

 

  
Number of infections averted 

  

10 year 
intervention 

10 year 
intervention      

+ 60 years 

Prioritisation 
scenario 

Uniform 971 1965 

Some 2317 4560 

High 2519 5115 
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3. Unit cost estimation for a hypothetical PrEP intervention 

Table 10 – Estimated cost of a hypothetical PrEP intervention 

Group Trans Sex worker MMSM MMSW 

Number of people on PrEP  1,000 1,000 1,000 1,000 

1. Behaviour change communication (including outreach and peer-outreach activities) 

a. Peer education      

Peer educator to person on PrEP ratio  

(UNAIDS recommended ratio 1:10 to 1:20)[40] 

15 15 20 20 

(Total number of peer educators) 66·6 66·6 50 50 

Cost peer educator/day[41] 16·5 16·5 16·5 16·5 

Number of days of work/week (peer educator)[40]  2 2 2 2 

b. Peer educator training/support (outreach workers)      

Number of trainers required per training course[40,41]  2 2 2 2 

Number of days in one course[40,41] 2 2 2 2 

Number of peer educators attending each course[40,41] 20 20 20 20 

Daily allowance to attend course/participant[41] 16·5 16·5 16·5 16·5 

Trainer fees/day[41] 33 33 33 33 

Cost of materials/participant/course[41] 5·5 5·5 5·5 5·5 

Cost of food and refreshment/participant/course[41] 11 11 11 11 

Outreach workers to peer educator ratio[40,41] 17 17 17 17 

Monthly salary: outreach worker[41] 330 330 330 330 

2. Delivery of tools, services for prevention, and care 

a. Provision of condoms and lubricant     

Average number of partners/year (per group) 100 30 2·5 2·5 

Average number of sex acts/partner (per group) 2 4 45 4 

Proportion of condoms used consistently (per group) 0·68 0·34 0·595 0·595 

Proportion of condoms covered by the programme 0·4 0·4 0·4 0·4 

Cost/male condom and lubricant[41] 0·022 0·022 0·022 0·022 

b. Services for prevention (PrEP, counselling and testing)     

Number of doctors/PrEP unit 1 1 1 1 

Number of nurses/PrEP unit 2 2 2 2 

Number of counsellors/PrEP unit 3 3 3 3 

Monthly salary: doctor[41,42] 1,300 1,300 1,300 1,300 

Monthly salary: nurse[41,42] 850 850 850 850 

Monthly salary: counsellor[41,42] 650 650 650 650 

Cost of ARV for PrEP/year (*estimated $35 or 

50/month/person[43]) 

420/600 420/600 420/600 420/600 

Average number of HIV tests/year/person[44] 4 4 4 4 

Cost of single HIV test[41] 2·23 2·23 2·23 2·23 

Prevalence HIV (estimate for each group) 0·4 0·3 0·2 0·05 

Cost confirmation HIV test[41] 9·8 9·8 9·8 9·8 

Cost of creatinine/BUN tests[45,46] 7·7 7·7 7·7 7·7 

Number of tests/year[44] 1 1 1 1 

Unit cost: management/M&E (programme excl. outreach)** 25.1/34.1 25.0/34.0 24.9/33.9 24.8/33.8 

Unit cost: management/M&E (programme incl. outreach)** 30.4/39.4 30.3/39.3 29.0/38.0 28.9/37.9 

Total (cost/person-year on PrEP – excl. outreach)** 526.2/715.2 524.3/713.3 523.5/712.5 521.4/710.4 

Total (cost/person-year on PrEP – incl. outreach)** 638.7/827.7 636.8/825.8 608.0/797.0 605.9/794.9 

Notes: all costs in US$. *Estimated discounted cost in discussion should Truvada (tenofovir disoproxil fumarate [TDF: 300 

mg] plus emtricitabine [FTC: 200 mg]) be approved for prevention use in Peru.**unit cost of programme if PrEP drugs  cost 

$35 or $50. 
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4. Calculation of DALYs averted per HIV infection averted  

 

Table 11 – Summary comparison of DALYs averted per HIV infection averted in Peruvian male adults varying assumptions of age-weighting and discounting 

[47,48,49,50] 

 Assumptions: [0.03,1,0.04] Assumptions: [0.03,0,0] Assumptions: [0,1,0.04] Assumptions: [0,0,0] 

DALYs averted (ART) 18.86 16.53 38.01 35.63 

DALYs averted (no ART) 10.65 10.19 24.36 24.99 

DALYs averted (80% ART coverage) 12.29 11.46 27.09 27.12 

Assumptions are presented as [r,K,β]; where r is the discount rate (0.03 or 0), K is the age weighting modulation factor (1 or 0), β is the parameter from the age weighting 

function (0.04 or 0). 

 

Table 12 – Detailed calculation of DALYs averted per HIV infection averted in Peruvian male adults [47,48,49,50] 

Variables symbol no ART ART Variables symbol Pre AIDS  

(no ART) 

Pre AIDS 

(ART) 

AIDS  

(no ART) 

AIDS 

(ART) 

a. Assumptions: [0.03,1,0.04] – with discounting and age weighting  

Age weighting modulation factor  K 1 1   1 1 1 1 

Age weighting constant  C 0.1658 0.1658   0.1658 0.1658 0.1658 0.1658 

Discount rate R 0.03 0.03   0.03 0.03 0.03 0.03 

Constant from the age weighting  

function  

Β 0.04 0.04   0.04 0.04 0.04 0.04 

  E 2.72 2.72  e 2.72 2.72 2.72 2.72 

Age at death  A 36.75 48.75 Age at onset of disability a 24.92 24.92 36.00 48.00 

Standard expectation of life at age a L 33.75 21.75 Duration of disability L 11.08 23.08 0.75 0.75 

     Disability weight D 0.135 0.135 0.505 0.167 

YLL (at age 36.75 or 48.75)   23.44 15.01 YLDs   1.89 3.17 0.53 0.14 

Discount rate R 0.03 0.03       

YLL (at age 24.92)  16.44 7.34       

b. Assumptions: [0.03,0,0] – with discounting and no age weighting  

Age weighting modulation factor  K 0 0  K 0 0 0 0 

Age weighting constant  C 0.1658 0.1658  C 0.1658 0.1658 0.1658 0.1658 

Discount rate R 0.03 0.03  r 0.03 0.03 0.03 0.03 

Constant from the age weighting  

function  

Β 0 0  β 0 0 0 0 
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  E 2.72 2.72  e 2.72 2.72 2.72 2.72 

Age at death  A 36.75 48.75 Age at onset of disability a 24.92 24.92 36.00 48.00 

Standard expectation of life at age a L 33.75 21.75 Duration of disability L 11.08 23.08 0.75 0.75 

     Disability weight D 0.135 0.135 0.505 0.167 

YLL (at age 36.75 or 48.75)   21.22 15.98 YLDs   1.27 2.25 0.37 0.12 

Discount rate R 0.03 0.03       

YLL (at age 24.92)  14.88 7.81       

c. Assumptions: [0,1,0.04] – with no discounting and age weighting  

Age weighting modulation factor  K 1 1  K 1 1 1 1 

Age weighting constant  C 0.1658 0.1658  C 0.1658 0.1658 0.1658 0.1658 

Discount rate R 0 0  r 0 0 0 0 

Constant from the age weighting  

function  

Β 0.04 0.04  β 0.04 0.04 0.04 0.04 

  E 2.72 2.72  e 2.72 2.72 2.72 2.72 

Age at death  A 36.75 48.75 Age at onset of disability a 24.92 24.92 36.00 48.00 

Standard expectation of life at age a L 33.75 21.75 Duration of disability L 11.08 23.08 0.75 0.75 

     Disability weight D 0.135 0.135 0.505 0.167 

YLL (at age 36.75 or 48.75)   35.26 19.90 YLDs   2.22 4.32 0.53 0.15 

d. Assumptions: [0,0,0] – with no discounting and no age weighting  

Age weighting modulation factor  K 0 0  K 0 0 0 0 

Age weighting constant  C 0.1658 0.1658  C 0.1658 0.1658 0.1658 0.1658 

Discount rate R 0 0  r 0 0 0 0 

Constant from the age weighting  

function  

Β 0 0  β 0 0 0 0 

  E 2.72 2.72  e 2.72 2.72 2.72 2.72 

Age at death  A 36.75 48.75 Age at onset of disability a 24.92 24.92 36.00 48.00 

Standard expectation of life at age a L 33.75 21.75 Duration of disability L 11.08 23.08 0.75 0.75 

     Disability weight D 0.135 0.135 0.505 0.167 

YLL (at age 36.75 or 48.75)   33.75 21.75 YLDs   1.50 3.12 0.38 0.13 

YLLs: years of life lost; YLDs: years of life lived with disability. 
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