Appendix 2: Details about the Back to Basics Exposure spreadsheet and programme effects tool

Chapter 5 described the Back to Basics Exposure spreadsheet (shown in Figure 5 and repeated here for convenience) in general terms. This appendix provides more details. 
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Column A: Prevention programmes
This lists the key areas of HIV prevention programming, and details the populations reached by or affected by those programmes. In the example, commercial sex programmes affect female sex workers and their male clients, while programmes for drug injectors aim to reduce transmission risks for injectors as well as for their non-injecting partners. Countries or districts can add other populations targeted by HIV prevention efforts in their area.

Column B, Number with risk behaviour:
Users must enter the estimated number of people engaging in each activity. For more information on estimating the numbers at risk, see Estimating the size of populations at risk for HIV: Issues and Methods.

Column C:  % HIV +ve
Users must enter the estimated prevalence of HIV in the populations in question. This information should come from the national surveillance system, though it is also sometimes available from special studies. It is critically important that the prevalence “matches” the estimated population. A common error is to calculate the number of men who have anal sex with other men using some “rule of thumb” percentage of the male population, and then to apply a prevalence figure that comes from men sampled in gay bars and cruising locations. These men represent the higher risk end of the spectrum, so HIV prevalence is likely to be higher among these men than among those who have lower partner turnover. Either the estimated number of men should be reduced to reflect only those who go to bars or cruise, or the HIV prevalence measured among higher risk MSM should be adjusted downwards to reflect the lower prevalence in the larger population.

Column D: # infected
The spreadsheet calculates how many people are HIV infected in each population, and adds up the number that are infected for each area of programming

Column E: # uninfected
The spreadsheet calculates how many people are not HIV infected in each population, and adds up the number that are uninfected for each area of programming

(Now we have answer Basics Question 1: Who is infected and who is uninfected?)
Column F: Partners per year
The user must enter how many different, individual partners a person in this population has in the population with which they are interacting, in a year. In the case of drug injectors and men who have sex with men, the partnerships are within the group: i.e. in this example an injector shoots up with an average of 11 other injectors over the course of a year. A man has anal sex with an average of 15 other men. In the case of all other groups, the question refers to the type of sex partner on the other side of the HIV risk equation. A sex worker has sex with an average of 270 different clients in a year, a man who buys sex has sex with 20 different sex workers, a non-injecting partner of drug injectors has sex with an average of two injectors in a year, etc.

 Column G: Discordant partnerships
The spreadsheet calculates how many potentially discordant partnerships there are in each prevention programming group. For each population, this column shows how many partnerships there could be between members of the population who are HIV negative, and members of the interacting population who are HIV positive. Take the example of sex workers and clients. There are 33,600 uninfected sex workers. They have 270 different partners per year, but only 0.7% of those partners are HIV positive. So the maximum number of partnerships where an HIV-negative sex worker has sex with an HIV positive client is 33,600 x 270 x 0.7% = 63,504. Similarly there are 466,710 uninfected clients, they have sex with an average of 20 women a year. Some 4% of those women will be infected, so the maximum number of partnerships where an HIV-negative client has sex with an HIV positive sex worker is 466,710 x 20 x 4% = 373,368. Among drug injectors and men who have sex with other men, there is just one calculation to perform, using the uninfected as the “index”. For example there are 29,050 uninfected MSM; they have sex with 15 partners a year, and 17% of those partners on average will be infected with HIV. 29,050 x 15 x 17% = 74,078
(Now we have answer Basics Question 2: Will they have sex or take drugs together?)
Column H: Consistent condom use/ sterile needle use
The user must enter the percentage of each risk population that reports always using condoms or an unshared needle in the risk in question. Note that the time reference periods for “always” tend to vary between populations in behavioural surveillance, but this is not of great importance. Note that for drug injectors, this column refers to always using a needle that has never previously been used by anyone else, while for non-injecting partners of injectors, it refers to condom use in sex with their injecting partners.

Column I: Discordant partnerships with exchange of body fluids
Column G calculated the maximum number of new infections that could possibly take place, by counting the total number of partnerships in which one person is infected with HIV and one person is uninfected. But clearly, if in any of those partnerships there is never any exchange of body fluids, then there can be no new infections. If we have confidence in the surveillance data, it thus makes sense to take out of the equation the partnerships in which needles are never shared, or condoms are always used.

In Column I, the spreadsheet calculates how many of the partnerships calculated in Column G could involve exposure to HIV because either the infected or the uninfected partner does not always use a condom or sometimes injects with a used needle. For example there are 63,504 uninfected sex workers who have sex with infected clients. We know that 11% of those sex workers always use condoms. That means that 89% of sex workers do not always use condoms. Some of their clients, of course, will be “always users” -- 6% according to the data in Column H. But that means that 94% of clients are not “always users”. The maximum number of HIV negative sex workers who have unprotected sex with a client who is HIV positive is therefore 63,504 x 89% x 94% = 53,127. The same thing goes for clients.

(Now we have answered Basic Question 3: Will they exchange body fluids?)
Column I gives us the theoretical maximum number of people who could become infected with HIV in a given year, by population group.

Note that people can be exposed to more than one type of risk (an uninfected male injector who buys sex might appear in cell I4 as well as I7) so the column total is likely to contain some overlap.

Column J: % of population that is newly infected and therefore highly infectious
As we’ve seen, viral load is a very important determinant of the risk of onward infection. In the “exposure” approach, any person who is exposed sexually to someone with an infection contracted in the last six months is considered at high risk for acquiring a new infection. 

The user must enter the proportion of infections which are likely to have been contracted within the last six months in Column J. This information is rarely available, but it can be guesstimated from the prevalence and the average time of exposure as follows:

Six month incidence: prevalence/ (2 x median years engaging in risk)

% contracted in last 6 months: 6 month incidence/ current prevalence

For example: 4% of sex workers are currently infected with HIV, and we know from behavioural surveillance that the median time selling sex is 2.1 years. On average, then, the annual incidence will be 4/2.1, and the six-month incidence will be 4/(2 x 2.1) = 0.95%. So the proportion of all infections that were contracted in the last 6 months will be 0.95%/4% = 24%.

For clients, HIV prevalence is 0.7%, and behavioural surveillance shows that the median time buying sex (calculated from age now minus age at first sex) is 7 years. Six month incidence would be: 0.7/(7 x 2) = 0.05%, and the proportion of infections that occurred in last 6 months would be: 0.05/0.7 = 7%

These calculations are crude, but they can be adjusted using common sense. When HIV is first introduced into a population, and particularly a population with very high risk, it can spread very rapidly and a high proportion of infections will be incident infections. This is one of the reasons that HIV prevalence can go from zero to 30% or more in a matter of months in communities of injectors.  Situations in which a large number of people meet and engage in risk for a short period of time are also likely to result in an “outbreak”, with a high proportion of new infections. The most common of these situations is prison. So the proportion of incident infections is likely to be higher among injectors and in prison populations. On the other hand as access to antiretroviral treatment increases, HIV prevalence rises not necessarily because of new infections but because people are staying alive longer. In that case, the proportion of infections that are incident (estimated using the formula above) should be reduced.

Note that these data are not needed for the non-injecting regular partners of injectors, because this simple spreadsheet ignores the risk of transmission from an infected regular non-injecting partner to an uninfected injector.

Column K: # of exposed partnerships where the infected person is newly infected and likelihood of transmission is therefore high
The spreadsheet calculates how many partnerships carry a high risk of HIV transmission because the infected partner is newly infected. For the “within group” risk, such as anal sex between men or drug injection, this is straightforward. We take the total number of discordant, exposed partnerships and multiply by the likelihood that the infected partner has a new infection. So if there are 46,669 partnerships in which an infected man has unprotected anal sex with an uninfected man, and 29% of all infections among men who have sex with other men were contracted in the previous six months, then there will be 46,669 x 29% = 13,534 partnerships which carry a high risk of a new infection occurring because the infected partner has a high viral load associated with new infection.

For “between group” risks, such as commercial sex, the calculation is slightly more complex because both exposure and incidence differ between the two groups. So the spreadsheet actually goes back to Column G, total number of discordant partnerships, and recalculates from there.

There are 63,504 uninfected female sex workers who have HIV infected clients in a year. Column I showed that some 7% of those clients will have a new infection, so there are 4,445 partnerships between an uninfected sex worker and a newly-infected client. But 11% of the sex workers use condoms with all their clients (89% don’t), and 6% of their clients always use condoms (94% don’t). So the total number of possible partnerships in which an uninfected sex worker had unprotected sex with a client who has a new HIV infection is: 4,445 x 89% x 94% = 3,719. This is the total in cell K3. 
Column L: # of people on antiretroviral treatment 
The exposure model assumes that people who are taking antiretroviral medication have lower viral load than those in need of treatment but not on it, and that they are therefore less likely to pass HIV on to an uninfected partner if exposure occurs.

The user must input the number of people taking antiretroviral therapy at any given time, by behavioural group. These data should be available from programme records, although some programmes do not collect major risk factors for those on treatment. Note that the numbers are for those currently on treatment (people who have discontinues or interrupted therapy would not be included). Note also that for sex workers, the proportion on antiretrovirals is likely to be low in places where turnover in the workplace is high, because many women will have stopped selling sex before they are in need of ARVs,
As with incident infections, if the proportions on ARV treatment are vastly different in different sub-populations that have sex together (for example, 10 percent of infected clients are on antiretrovirals but no sex workers are) then the calculations should be made separately for each group, before considering exchange of body fluids.

Column M: # exposed partnerships where infected person is on antiretroviral treatment and likelihood of transmission is therefore low
The spreadsheet calculates how many partnerships carry a low risk of HIV transmission because the infected partner is adhering to antiretroviral therapy. As with incident infections, this is simplest for the “within group” risk. We take the total number of discordant, exposed partnerships and multiply by the likelihood that the infected partner is on therapy. So if there are 46,510 partnerships in which an uninfected drug injector shares a needle with an infected injector, and 880 of the 9.680 infected injectors are on therapy, there will be 46,510 x (880/9,680) = 4,228 partnerships which carry a lower risk of a new infection occurring because the infected partner has a low viral load associated with successful antiretroviral therapy.

Again the spreadsheet recalculates risk from Column G, total number of discordant partnerships, when calculating “between group” risks, because the proportions on treatment can differ between the two groups.

There are 63,504 uninfected female sex workers who have HIV infected clients in a year. Of the 3,290 infected clients they might be having sex with, 320 are currently adhering to antiretroviral treatment (Column L). So in 320/3,290 =  9.7% of those partnerships, the client will be less infectious. But 11% of the sex workers use condoms with all their clients (89% don’t), and 6% of their clients always use condoms (94% don’t). So the total number of possible partnerships in which an uninfected sex worker had unprotected sex with a client who is on therapy is 63,504 x 9.7% x 89% x 94% = 5,167.

New infections and antiretroviral treatment are in most cases mutually exclusive. Because viral load in the infected partner is such a critical factor in determining whether HIV will be passed on in an exchange of body fluids to an uninfected partner, these two aspects also “trump” other factors. HIV transmission is deemed highly likely in ANY partnership in which the infected partner is newly infected. Equally, the risk of HIV transmission is deemed low in ANY partnership in which the infected person is taking ARVs consistently and correctly, even if other factors, such as injecting practices or STIs, point to a higher likelihood of transmission.

Column N: % of people with STIs
The remaining factor which commonly influences the likelihood that HIV will be transmitted and that is an important area for interventions in epidemics where most transmission takes place in higher risk behaviours is the prevalence of other STIs. Users must enter the proportion of populations with various risk behaviours who are infected with STIs in column L. These data should come from routine STI surveillance systems, although in practice STI surveillance is often weak and the data frequently come from cross-sectional studies.

The STI data are taken into account in the calculations in Column O.

Column O: Total partnerships with high risk of HIV transmission
In Chapter 5, different exposures were classified into those carrying a high likelihood that a new infection would occur, and those carrying a lower likelihood. as follows:
HIGH risk of transmission if body fluids are exchanged

· Blood transfusion
· Any exposure where the HIV-infected person is newly infected (<= 6 months)

· Injection with a contaminated needle
· Any anal sex
· Vaginal sex where either partner has an STI
· Mother to infant with no ARV
LOWER risk of transmission if body fluids are exchanged

· Any exposure where the HIV-infected person is adhering to ARV therapy
· Vaginal sex with no STIs
· Oral sex

The version of the “Exposure” spreadsheet used in this module looks at the most common routes of HIV transmission among adults in epidemic where risk is concentrated largely among those who buy and sell sex, have anal sex with multiple partners, and inject drugs. According to the above classification, then, ALL uninfected injectors are at high risk for HIV if they share needles with an infected injector, unless that injector is on antiretrovirals. 

In the example given, there are 54,858 partnerships in which an uninfected injector shares a needle with an infected injector. In 4,987 of those the infected partner is on ARVs and the risk of transmission is lowered. So there are 42,282 exposed, discordant partnerships between injectors that carry a high risk of a new infection resulting. (Numbers in this key column are rounded to avoid the impression of too much precision in what are, after all, estimates with many possibilities for error.)

The calculation for men having unprotected anal sex with one another is the same. In heterosexual sex, the calculation is more complex, because those exposures in which there is no incident infection and no STI are classified as lower risk. In other words, the exposed partnerships more likely to result in a new infection are:

ANY exposure where the infected partner is newly infected, PLUS any exposure where either partner has an STI, MINUS any exposure where the infected partner is on antiretroviral therapy (regardless of STIs in the partnership).

Among HIV negative sex workers, there are 53,127 partnerships with infected clients (Column I). Of these, 3,719 partnerships are with clients who are newly infected (Column K). Of the remaining 49,408 partnerships, 5,167 are with men on ARVs (Column M). That leaves 44,241. These need to be classified according to STI status. Some 38% of sex workers have an STI, and 13% of clients do, too. So the number of partnerships where there is another STI involved will be 44,241 x 38% x 13% = 2,186. The total number of exposed partnerships between uninfected sex workers and infected clients which carry a  high risk for HIV transmission is 5.904 (rounded to 5,900 in cell O3). The calculations are the same for clients, regular partners of drug injectors, and young people.

(Now we have come closer to answering Basic Question 4: Will the uninfected partner become infected?)
Column P: % of all discordant exposures which occur in this population
The spreadsheet calculates what proportion of all partnerships that carry a risk of HIV transmission because of discordant exposure to HIV occur in a given “risk population”. 

Column Q: % of all discordant exposures with the highest risk of HIV transmission which occur in this population
The spreadsheet calculates what proportion of all partnerships that carry a high risk of HIV transmission because of discordant exposure to HIV among people who are likely to be highly infectious or highly susceptible to infection, occur in a given “risk population”. 

Programme effects tool

The spreadsheet “programme effects” allows the user to input (in the blue areas) achievements or targets for HIV prevention programmes. The entries are expressed in terms that are commonly measured as programme outputs (in programme monitoring) or outcomes (in behavioural surveillance).

For any given combination of measured or expected changes over baseline values, the spreadsheet calculates the number of exposures averted, and the proportion of all exposures averted that occur in a given population. The programmes operate to change the “Basics” of exposure to HIV in the ways described in Chapter 3. Some (such as opioid substitution) work to reduce the number of people in the pool of people engaging in risk in the first place. Others (such as condom promotion or needle and syringe programmes) work to reduce the risk that body fluids will be exchanged between infected and uninfected people. Still others (such as antiretroviral treatment) work to change the likelihood that a new infection will be contracted if exposure does occur.

It is important to note that the denominator for target programme outcomes is the entire risk population, not just those reached by a programme. These measures should therefore be derived from national surveillance systems which include populations that are in areas that are not the focus of special interventions, if these areas exist. If ever - needle sharing in recent injections among NSP users drops from 90%  to 10%, but the programme reaches only 20% of all injectors, it would reasonable to assume that the level of ever-sharing in recent injections across the whole population would be (10% x 20%) + (90% x 80%) = 74%. This sort of adjustment should be made for all areas where programme coverage is limited. 

(actually, if anyone cared enough I could write this in to the spreadsheet)
The “Programme Effect” tool gives an at-a-glance view of whether current programme plans are actually providing the mix of interventions most likely to prevent the maximum amount of potential exposure to HIV. (ends)
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