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1. Literature review 
 

 

We conducted a number of literature reviews to identify previous research on community-

based testing, following three different strategies: Firstly, we reviewed existing systematic 

reviews of literature of HIV counselling and testing (HCT). Secondly, we identified appropriate 

papers from records identified during an existing review of literature reporting on testing 

covering men. Thirdly, we additionally searched PubMed for papers on the testing modalities 

included in the analysis.  

 

1.1 Search strategy 
 

For the literature search concerning testing of men, we searched PubMed using search terms 

denoting HIV, testing, and men, male, father or partner. For the second search, we searched 

PubMed using combinations of search terms denoting HIV, testing, and the testing modalities 

included in the analysis (i.e. home-based, mobile, campaign, school or index testing, partner 

notification, self-testing or medical male circumcision).  

 

The searches were conducted between September 2016 and April 2017 and included papers 

written in any language between 2007 (the year of the first WHO guidance explicitly 

mentioning rapid tests) [1] and 2017. 

 

1.2 Results and uses 
 

1.2.1 Papers on testing uptake 

 

Our review included a total of 3,179 records, of which 300 (9%) were duplicates. 454 of the 

3,179 records (including 210 duplicates) came from published literature reviews of HCT; 813 

(including 80 duplicates) from the review of HCT options for men, and 1,901 (including 10 

duplicates) from our additional review of community-based testing. Figure S1.1 summarises 

the findings of the review; Table S1.1 gives the results by type of search/ review.  

 

68% of the screened records were excluded at the abstract/title level; 77% of all papers assessed 

at the full text level were excluded, 57% of which were because they reported on testing 

interventions outside of sub-Saharan Africa (SSA), and 33% because they did not report on 

testing uptake. Overall, 23% of all assessed records, or 10% of all identified records were 

included, with the yield being slightly higher (8%) for the papers identified through the review 

of published studies and the review of HCT options for men than for the additional search 

covering community-based modalities (6%).   

 

Of the 205 studies identified through the literature review, 40 were used to inform model 

parameters on testing uptake by age, gender, risk group, HIV testing history and HIV status. 
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Table S1.1: Results of literature review by review method 

 

Records 

identified Duplicates 

Records 

screened 

Records 

excluded 

Full-

text 

articles 

assessed 

Full-text articles excluded 
Studies 

included Yield 

Cost 

data 

      

Paper 

not 

found 

No data 

on 

testing 

uptake 

Non 

SSA Other 

Total 

excluded    
1. Review of published 

literature reviews 
465 210 254 102 153 7 90 0 0 116 37 8% 4 

2. Search as part of Testing 

men review 
813 80 733 228 503 20 85 322 10 437 66 8% 0 

3. Additional search for 

community-based testing 
1,901 10 1,891 1,637 254 1 58 83 10 152 102 6% 14 

All 3,179 300 2,878 1,967 910 28 233 405 20 705 205 6% 18 
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Figure S1.1: Diagram of literature review for literature on the uptake and costs of community-

based testing modalities 

 

1.2.1 Papers on the cost of testing  

 

Costs were mentioned in only 18 of the identified papers, with 15 papers reported for sub-

Saharan Africa (4 papers for Uganda and Malawi each,  3 for South Africa, 2 for Kenya, 1 for 

Lesotho and Swaziland each). Most of the SSA papers reported on home-based testing (9 

papers), with 3 papers each reporting on self-testing and demand-creation campaigns. A further 

3 reported on mobile testing, and 1 on testing as part of MMC (papers could report on more 

than one modality). All papers except one reported on costs from the provider perspective; the 

one exception reported on the patient cost of facility-based testing (mostly travel costs).  

 

None of the studies containing cost data were used for the economic evaluation, as we required 

South Africa-specific data for this, and the three South African cost analyses either did not 

include the cost of HCT [2, 3] or reported on patient instead of healthcare provider costs [4]. 

We instead identified additional papers relevant to those testing modalities for which we did 

not have data from our own bottom-up cost analyses from a separate review of per-patient costs 

of HIV interventions in South Africa [5] as well as from an existing database of unit costs that 

we had compiled for the South African HIV Investment Case [6]. Three papers on economic 

evaluations of home-based testing [7], mobile testing [8] and assisted partner notification [9] 
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were identified this way and used in the construction of the per-patient costs of these services 

(Section 2.5.4).  
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2. Methods 
 

2.1 Methods overview 
 

The epidemiological model used in this analysis is MicroCOSM, an agent-based model 

developed for South Africa [10]. MicroCOSM is an extension of an agent-based model 

developed to simulate the spread of HIV and other STIs in South Africa [11]. The model 

simulates a nationally representative sample of the South African population, starting in mid-

1985, allowing for changes in population size over time, as a result of births and deaths. The 

model does not simulate migration, and is therefore not a fully realistic representation of South 

Africa’s demographic profile. Fertility rates, non-HIV mortality rates and initial population 

sizes – stratified by age, sex and race – are assumed to be the same as those assumed in the 

ASSA2008 model, developed by the Actuarial Society of South Africa [12]. The starting 

population size is set to 20 000 individuals, and the population profile is updated at weekly 

time steps. 

 

Figure S2.1 summarizes the variables that are assigned to each individual in the model. Each 

individual is assigned a date of birth, sex and race. Based on these demographic variables, 

individuals are assigned to various socio-economic states, which are dynamically updated. The 

socio-economic variables include highest educational attainment, current schooling, 

urban/rural location, migrant status and incarceration. Demographic and socio-economic 

variables are in turn assumed to affect uptake of healthcare (hormonal contraception, condoms, 

HIV testing, ART, pre-exposure prophylaxis and male circumcision). Each individual is also 

assigned a number of sexual behaviour variables, which include their sexual experience, 

propensity for concurrent partners (‘low risk’ individuals are defined in the model as 

individuals who have no propensity for concurrent partners), marital status, number of current 

partners, and sexual preference (each male is assigned a male preference value, which can vary 

between 0 and 1, the latter representing men who are exclusively homosexual). The model also 

records, for each individual, the identifiers of their current partners, so that individuals can be 

linked in a sexual network. Individuals are assumed to choose their sexual partners in a highly 

assortative manner, i.e. tending to select partners of the same educational attainment, race, 

location, risk group and age group. Based on their sexual behaviour and uptake of 

healthcare/prophylaxis, individuals are assigned risks of acquiring HIV and other STIs, as well 

as (in the case of women) risks of falling pregnant. Each HIV-positive individual in the 

population is assigned an HIV viral load and CD4 count, which determine their risk of 

transmitting HIV and their risk of dying from HIV respectively. A more detailed description 

of the model is provided elsewhere [10]. 
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Figure S2.1: Individual-level variables in MicroCOSM 

 

The model has been fitted to age-specific HIV prevalence data from three national household 

surveys (the HSRC household surveys conducted in 2005, 2008 and 2012 [13-15]) and national 

antenatal surveys conducted over the 1997-2015 period [16], as well as surveys of HIV 

prevalence in sex workers and MSM. A likelihood function is defined, to represent the 

goodness of model fit to the data. Prior distributions are specified to represent the uncertainty 

in 11 of the HIV transmission parameters, and a sample of 48 000 parameter combinations is 

drawn from these prior distributions. For each parameter combination, the model is run, and 

the likelihood is calculated. The 100 parameter combinations that yield the highest likelihood 

value are then used to generate more detailed model outputs. For each of the 100 parameter 

combinations, the model is run 5 times, to reduce the extent of the stochastic variation in model 

outputs, giving a total of 500 model runs. Most of the model results presented in this report are 

calculated as the average of the results from these 500 parameter combinations. Where 

uncertainty ranges are presented, these are calculated using the standard errors of the results 

across the 500 simulations. These uncertainty ranges reflect mostly the stochastic uncertainty 

that is inherent in the use of an agent-based modelling approach, and are not a true reflection 

of the overall uncertainty in the model parameters.  

 

Figure S2.2 compares the model estimates of HIV prevalence in the general population with 

those observed in the HSRC household surveys. The model provides a reasonable fit to the 

data, although some of the model estimates lie outside of the 95% confidence intervals around 

the survey estimates. 
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Figure S2.2: HIV prevalence in the general population 
Model results are the average results generated using 500 simulations. 
 

Figure S2.3 shows the model calibration to the antenatal HIV prevalence data. Although the 

model fits the overall antenatal HIV trend reasonably well, the model tends to slightly under-

estimate HIV prevalence in women aged 35-39. Antenatal survey results prior to 1997 survey 

were not used in defining the likelihood function, but are shown for validation purposes: the 

model tends to over-estimate the pre-1997 prevalence at younger ages (15-24), but under-

estimates the pre-1997 prevalence in the 30-39 age group. 
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Figure S2.3: HIV prevalence in pregnant women attending public antenatal clinics 
Model results have been adjusted to reflect the antenatal biases: the antenatal bias changes in 1997 due to changes 

in antenatal testing protocol (surveys in 1997 and subsequent years did not include confirmatory testing and some 

exaggeration due to false positive test results is therefore expected). Model results are the average results generated 

using 500 parameter combinations. 
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(c) 20-24
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Figure S2.4 compares the model estimates of HIV prevalence in key populations with the levels 

of HIV prevalence measured in local surveys. Although the model estimates of HIV prevalence 

in MSM appear higher than those observed in surveys, the surveys are probably biased towards 

younger MSM, who have lower HIV prevalence, and the model estimates are roughly 

consistent with those obtained in a recent analysis that controlled for age differences between 

modelled and observed MSM populations [17]. Model estimates of HIV prevalence in female 

sex workers appear roughly consistent with survey data, though slightly higher on average. The 

average model estimate of HIV prevalence in prisoners, over the 2005-2015 period, was 15.5%, 

consistent with survey estimates of between 7% and 23% over the 2006-2013 period [18-20]. 

 

 
 

Figure S2.4: HIV prevalence in key populations 
Model results are the median HIV prevalence estimates and interquartile ranges (IQRs) generated using 500 

parameter combinations. 
 

The MicroCOSM model has been extended to allow for a number of new HIV testing 

modalities. The model also allows for the possibility that the community-based models of HIV 

testing may be associated with different probabilities of linkage to ART following diagnosis 

(compared to existing HIV testing modalities in South Africa). Sections 2.2, 2.3 and 2.5 

describe these extensions to the model in more detail. 

 

Where absolute numbers are presented, these are calculated by multiplying the simulated 

numbers in the sample of the South African population (from MicroCOSM) by the ratio of the 

size of the South African population in the relevant year (as estimated by the Thembisa model 

[21]) to the size of the simulated MicroCOSM sample in the year of interest.  

 

 

2.2 Current South African HIV testing modalities 
 

This section describes the modelling of HIV testing strategies that have already been introduced 

in South Africa (i.e. testing strategies that form part of the ‘baseline’ scenario). 

 

2.2.1 General HIV testing 

 

General HIV testing refers mainly to self-initiated HIV testing and all other HIV testing not 
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HIV testing is assumed to depend on the calendar year and the individual’s age, sex, sexual 

experience, educational attainment and HIV testing history. Base HIV testing rates are 

specified for each sex and each year (see Table S2.1). These base HIV testing rates are set in 

such a way that the model matches the total recorded numbers of HIV tests performed in South 

Africa in each year (see Figure 1a of the main text), and are also set to match the relative rates 

of male and female reporting of past HIV testing in household surveys, as estimated using the 

Thembisa model [22]. The base testing rates prior to 2002 are estimated by interpolating 

linearly between a zero rate in 1990 and the rate estimated in 2002, due to the lack of data on 

routine HIV testing prior to 2002. 

 

The base HIV testing rates are assumed to apply at age 25. Multiplicative age adjustment 

factors are applied to these base rates in calculating the rates that apply at other ages. A gamma 

probability density function is used to represent the relative rate of HIV testing at different 

ages; in males, the mean and standard deviation of the gamma distribution are set at 37.2 and 

28.0 respectively, while in women the mean and standard deviation are set at 22.3 and 19.4 

respectively, the values estimated when the Thembisa model was fitted to age- and sex-specific 

HIV testing data in South Africa [22]. 

 

The base HIV testing rates are assumed to apply in individuals whose highest educational 

attainment is grade 11. For each additional grade completed, the rate at which individuals seek 

general HIV testing is assumed to increase by a factor of 1.12. (For example, the rate of HIV 

testing in someone who has completed grade 8 would be 0.71 times (1.12-3) the base rate that 

applies in an individual who has completed grade 11.) The factor of 1.12 is the estimated effect 

of educational attainment on the uptake of HIV testing by black South Africans between 2010 

and 2012, after controlling for age, sex and other factors, which was estimated using data from 

nationally-representative surveys [23]. 

 

General HIV testing is assumed not to occur in youth who are not yet sexually experienced, 

but apart from this, no effect of sexual risk behaviour on the uptake of general HIV testing is 

assumed. These assumptions are consistent with South African studies. For example, in a recent 

study of youth in Western Cape and Mpumalanga, those who reported being sexually 

experienced were 4.7 times (95% CI: 3.1-7.1) as likely to report having tested for HIV as those 

who were virgins, after controlling for age and other factors (Franziska Meinck, personal 

communication). Similarly, in a household survey conducted by Venkatesh et al [24], virgins 

were significantly less likely to report previous HIV testing than youth who were sexually 

experienced, after controlling for age and other factors. However, among youth who were 

sexually experienced, the lifetime number of sexual partners was not a significant determinant 

of the individual’s previous testing, either in men or women. Most other South African studies 

have also not found significant associations between HIV testing history and numbers of 

partners [25-27]. 

 

The base rates apply to individuals who have never tested for HIV before. Individuals who 

have previously been tested for HIV (and tested negative) are assumed to have a higher rate of 

HIV testing than individuals who have never previously sought testing, with a multiple of 1.97 

being applied to the base rates. This multiple is the same as that estimated when the Thembisa 

model was fitted to South African HIV testing data [22], and is consistent with various South 

African studies that show higher rates of testing uptake in previously-tested individuals 

compared to previously-untested individuals [28-30]. It is assumed that individuals who have 

previously been diagnosed positive might also get retested, either because they seek 
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confirmation of the positive test result or because they need to test again in order to link to HIV 

care. The relative rate of retesting in previously-diagnosed untreated individuals is set to 0.5, 

based on model calibration to observed trends in HIV prevalence among adults testing for HIV 

(Figure 1b of the main text). In treated individuals, this relative rate is multiplied by a further 

adjustment factor to take into account the likely lower rate of retesting in treated individuals: 

this relative rate is 0.15, based on the Thembisa model [31].  

 

Mathematically, the rate of HIV testing through general HIV testing is calculated as 

 

 bg(t) Ag(x,t) Eh ri θa, 

 

where bg(t) is the ‘base’ rate of general testing in year t, in individuals of sex g aged 25 whose 

highest educational attainment is grade 11, Ag(x) is the adjustment factor to account for age (x), 

Eh is the adjustment factor to account for highest educational attainment (h), ri is the adjustment 

to take into account HIV testing history (i) and θa is the adjustment factor to take into account 

ART status (a). The E parameter has been set to 1.12. The ri values have been set to 1 for 

individuals who have never been tested (i = 0), to 1.97 for individuals who have previously 

been tested but not diagnosed positive (i = 1), and to 0.5 for individuals who have previously 

been diagnosed positive (i = 2). The θa values have been set to 1 for individuals who are not 

on ART (a = 0), and to 0.15 in the case of individuals on ART (a = 1). The age adjustment 

factor is of the form 

 

 ( )( )25exp
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)(

1

−−







=

−

x
x

xA gg
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, 

 

where αg and λg can be considered the parameters of a gamma density, with corresponding 

mean and standard deviation of αg/λg and αg
0.5/λg respectively. As noted previously, the means 

have been set to 37.2 and 22.3 years for men and women respectively, while the standard 

deviations have been set to 28.0 and 19.4 years for men and women respectively.  

 

2.2.2 Testing of patients with HIV-related opportunistic infections 

 

The CD4 counts of HIV-positive adults are dynamically updated, and the incidence of HIV-

related opportunistic infections (OIs) is assumed to be a function of the individual’s CD4 count 

and receipt of ART. The annual incidence of OIs in untreated HIV-positive adults is assumed 

to be 0.05 per annum during acute HIV infection, 0.08 per annum after acute infection in 

individuals with CD4 counts of 350 cells/µl or higher, 0.27 per annum in individuals with CD4 

counts of 200-349 cells/µl and 0.90 per annum in individuals with CD4 counts <200 cells/µl. 

These rates are based on studies of the incidence of OIs in HIV-positive adults in sub-Saharan 

African settings [32, 33], and are the same as the values assumed in the Thembisa model [22]. 

The incidence of HIV-related OIs in HIV-negative adults has been set to 0.019 per annum; this 

assumption is derived by dividing the annual incidence of TB in the HIV-negative South 

African population (0.004 per annum [34]) by the fraction of OI patients that have TB at high 

CD4 counts (20.8% in a Cape Town study [32]). The incidence of OIs in ART patients is 

assumed to be 0.10 per annum, which is 0.11 times the rate in untreated patients with CD4 

<200 and 0.37 times the rate in untreated patients with CD4 200-349. These ratios are roughly 

consistent with studies that have shown the incidence of HIV-related morbidity after ART 
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initiation to be between 0.16 and 0.39 times that in untreated patients, after controlling for 

differences in baseline CD4 count [35-37].  

 

Few data exist on the proportion of OI patients who are tested for HIV, except in the case of 

TB. It is therefore assumed that the fraction of OI patients tested for HIV is the same as the rate 

of HIV testing in patients with TB symptoms. Table S2.1 summarizes the model assumptions 

about the fraction of OI patients tested for HIV and the associated data sources. The model also 

allows for the possibility that individuals who have previously been diagnosed may get retested 

when they experience OIs, and the relative rates of testing in previously-diagnosed individuals 

are the same as assumed in the previous section. 

 

Table S2.1: Assumed rates of general testing and testing in OI patients and pregnant women 

(undiagnosed) 

Year 

General 

testing, b(t)  

Testing of OI  

patients  

Testing of  

pregnant women  

Retesting of HIV-negative 

pregnant women 

Male Female Rate Sources Rate Sources Rate Sources 

Pre-1999 - - 5%  0.0%  0%  

1999-00 0.0347 0.0558 5%  0.9%  0%  

2000-01 0.0365 0.0586 5%  2.9%  0%  

2001-02 0.0374 0.0602 5%  7.5% [38] 0%  

2002-03 0.0390 0.0626 5%  15.6% [39, 40] 0%  

2003-04 0.0308 0.0506 5%  31.3%  0%  

2004-05 0.0228 0.0384 8% [41] 42.0% [42] 0%  

2005-06 0.0263 0.0453 15%* [43] 54.5% [44] 0%  

2006-07 0.0265 0.0467 21%* [43] 72.2% [45] 0%  

2007-08 0.0241 0.0435 29%* [43, 46] 84.0% [47] 5% [48] 

2008-09 0.0382 0.0707 34%* [43, 46] 89.0% [49] 15%  

2009-10 0.1477 0.2803 43%* [43, 50] 93.0%  25% [51] 

2010-11 0.1982 0.3861 55%* [50, 52] 97.0% [53] 35% [51] 

2011-12 0.1550 0.3020 78%* [50] 98.0% [54] 45% [51] 

2012-13 0.1472 0.2867 83%* [50] 98.0%  55%  

2013-14 0.1043 0.2031 87%* [50] 98.0%  65%  

2014-15 0.1199 0.2336 92%* [50] 98.0%  75%  

2015-16 0.1677 0.3268 93%* [50] 98.0%  85%  

2016-17 0.1851† 0.3605† 93%*⁑  98.0%⁑  95%‡  
* Assumed rates are slightly lower than those quoted in the cited sources because the sources present the fraction 

of TB patients with a known HIV status, which is higher than the fraction of TB patients who receive an HIV test. 

† Annual rates of testing for 2017-18 and subsequent years are set to 0.1448 and 0.2821 for men and women 

respectively, the average of the values estimated over the 2012-2017 period. ⁑ Rates are assumed to remain 

constant at the 2016/17 level after 2017. 
‡
 The proportion is assumed to remain at 95% in 2016 and all subsequent 

years, based on recent unpublished DHIS data, which suggest that almost all HIV-negative pregnant women 

receive retesting in late pregnancy. 
 

2.2.3 Testing of pregnant women 

 

The modelling of fertility is described in more detail elsewhere [10]. Briefly, each woman’s 

probability of conception is assumed to be a function of her sexual activity (highest in women 

with multiple partners, and zero in women who are not sexually active), contraceptive usage, 

breastfeeding and HIV stage (women in more advanced stages of HIV disease being less likely 

to fall pregnant). The model also allows for variation between women in their natural 

fecundability, both intra-individual variation (due to changes in hormone levels around 

menarche and menopause) and inter-individual variation (i.e. allowing for the possibility that 
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some women are naturally more fertile than others). The modelled conception probabilities are 

constrained such that the model matches the rates of fertility estimated in the ASSA2008 AIDS 

and Demographic model [12], by age, race and calendar year. 

 

Table S2.1 shows the assumed proportions of pregnant women tested for HIV in each year. 

These proportions apply to all women who have not previously been diagnosed positive. As 

before, the model allows for the possibility of retesting in pregnant women who have 

previously been diagnosed, and the adjustment factors are the same as described in previous 

sections. 

 

In recent years it has become common for women who test negative on their first antenatal 

HIV test to be offered retesting in late pregnancy. Although these retests are usually not 

included in the total numbers of HIV tests reported by the Department of Health, they do 

nevertheless affect the cost-effectiveness of antenatal HIV screening and are therefore 

important to model. Table S2.1 shows the assumed fraction of women testing HIV-negative 

antenatally who receive retesting in late pregnancy.  

 

2.2.4 Testing of partners of diagnosed individuals 

 

Currently in South Africa, there is no policy of active partner notification when an HIV 

diagnosis is made. Although newly-diagnosed individuals may be encouraged by health 

workers to disclose their HIV status to their sexual partner(s), the health worker makes no 

attempt to contact these sexual partners on behalf of the patient. This ‘passive’ approach to 

partner notification is generally not shown to be very effective in getting partners of newly-

diagnosed individuals tested for HIV. Many South African studies have shown that HIV-

diagnosed individuals do not disclose their HIV status to their sexual partners, with disclosure 

being particularly uncommon in the case of non-spousal relationships [55-57]; it has also been 

found that rates of disclosure are relatively low in women and in individuals who have not yet 

initiated ART [56, 58-60]. Even when individuals disclose their HIV status, there is no 

guarantee that this will result in their sexual partner seeking HIV testing. 

 

Table S2.2 summarizes the results of African studies that have assessed the proportion of sexual 

partners who come for HIV testing following HIV diagnosis of the index patient. With the 

exception of the studies of Brown et al [61] and Kiene et al [62], all of these studies have been 

done in the context of antenatal screening, and there is thus limited African data on the success 

of partner notification when the index patient is male. The weighted average fraction of partners 

receiving HIV testing was 30% (after weighting by the number of index cases in each study). 

It is also important to note that all of these studies have been conducted in settings in which a 

relatively high proportion of index patients are married or cohabiting with their sexual partner. 

In two of the studies, there was a strong association between male partner testing and marital 

status (OR 4.50 (95% CI: 2.20-9.19) in Tanzania [63] and OR 2.11 (95% CI: 1.14-3.92) in 

Kenya [64]).  
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Table S2.2: Proportion of partners coming for HIV testing following diagnosis of index HIV 

case (passive partner notification approaches) 

Study Location % married 
# individuals 

diagnosed 

% of partners 

seeking 

testing 

Msuya et al [63] Moshi, Tanzania 91% 184 18.5% 

Aluisio et al [64] Nairobi, Kenya 84%* 456 30.7% 

Brown et al [61] Lilongwe, Malawi 73% 82 24.4% 

Rosenberg et al [65] Lilongwe, Malawi 100% 100 52.0% 

Kiene et al [62] Mpigi, Uganda - 38† 35.1% 
* Monogamous marriages only. † The number of partners of newly-diagnosed individuals. 

 

In our model, the probability of HIV disclosure at the time of HIV diagnosis is assumed to 

depend on the relationship type and the individual’s sex. A disclosure probability of 50% is 

assumed for women who are in non-marital relationships, and this disclosure probability is 

adjusted by odds ratios of 1.25 in men and 2.5 in married couples (i.e. the probability of 

disclosure from a married woman to her husband is 71%, and the probability of disclosure from 

an unmarried man to his partner is 55%). If 30% of the husbands of newly-diagnosed married 

women receive HIV testing following their wives’ HIV diagnosis, this implies that the 

probability of men seeking HIV testing, given that their wives have disclosed their HIV-

positive status, is 0.42 (i.e. 0.30/0.71). In the absence of more detailed data, the same 0.42 

probability of seeking testing (conditional on disclosure) is assumed to apply regardless of 

whether the partner is male or female, and regardless of whether the relationship is marital or 

non-marital. For example, if an unmarried woman is diagnosed positive, the probability that 

she discloses her HIV status to her male partner and he gets tested as a result of this disclosure 

is 0.50 × 0.42 = 0.21.  

 

2.2.5 Testing of STI patients 

 

Early syndromic management protocols in South Africa did not explicitly mention the need for 

HIV testing as part of STI patient consultations [66, 67], and the importance of HIV testing has 

only been mentioned in guidelines issued since 2009 [68]. Few data exist on the extent to which 

HIV testing is actually offered. The only nationally representative data are from surveys 

conducted in 2002 and 2014, in which standardized patient actors were used to estimate that 

8% and 67% of providers respectively offered HIV testing to STI patients [39, 69]. A 

longitudinal study in North West province in 2013 found that 54% of standardized patient 

actors were offered HIV testing at baseline [70]. Earlier studies in Cape Town and KwaZulu-

Natal found intermediate proportions: Leon et al conducted a trial and found that in non-

intervention STI clinics, the rate of HIV testing increased from around 30% prior to 2007 to 

43% in 2007 [71], and the latter was similar to the rate found in KwaZulu-Natal in 2006 [72]. 

Table S2.3 shows the assumed proportions of STI patients receiving HIV testing in each year, 

based on these studies. These rates of HIV testing are assumed to apply only in the public 

health sector, as the only available data are from the public sector. The limited data available 

from the South African private sector suggest that relatively few private practitioners follow 

syndromic management protocols [73], and thus few would be expected to offer HIV testing 

as part of the STI patient consultation. 
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Table S2.3: Assumed HIV testing rates in public-sector STI patients and prisoners, and rates 

of medical male circumcision (MMC) 

Year 
Testing of STI patients  Ratio of # MMC operations Testing of prisoners  

Proportion Sources to # men aged 15-49 Annual rate Sources 

Pre-2000 0%  0.0000 0.0  

2001-02 3%  0.0000 0.0  

2002-03 8% [39] 0.0000 0.0  

2003-04 13%  0.0000 0.0  

2004-05 18%  0.0000 0.0  

2005-06 24%  0.0000 0.05  

2006-07 30% [71] 0.0000 0.10  

2007-08 43% [71] 0.0000 0.19 [74] 

2008-09 47%  0.0004 0.29  

2009-10 51%  0.0007 0.39 [75] 

2010-11 55%  0.0098 0.49  

2011-12 58%  0.0258 0.58 [76] 

2012-13 61%  0.0309 0.68 [76] 

2013-14 64% [70] 0.0240 0.97 [77] 

2014-15 67% [69] 0.0363 1.13 [78] 

2015-16 69%*  0.0363* 1.13*  
* Rates are assumed to remain constant at the 2015/16 level after 2016. 
 

Our model simulates the incidence of five STIs in addition to HIV: syphilis, genital herpes, 

gonorrhoea, chlamydia and trichomoniasis. In addition, the model simulates the incidence of 

vaginal candidiasis and bacterial vaginosis in women. For each of these infections, an assumed 

proportion of cases becomes symptomatic, with individuals experiencing symptoms of genital 

ulceration or discharge. Symptomatic individuals are assumed to seek treatment at a weekly 

rate, with a proportion of these cases seeking treatment in public health facilities. Assumptions 

regarding STI treatment seeking are described in more detail elsewhere [79], and the model 

calibration to South African STI prevalence data is also described elsewhere [11]. The model 

simulates HIV testing in STI patients by applying the testing probabilities in Table 2.3 to the 

weekly rates of seeking treatment in public health facilities, in individuals who have any 

symptoms of genital ulceration or discharge. A limitation of this modelling approach is that it 

does not consider other conditions that could prompt patients to seek treatment at STI clinics 

(for example, human papillomavirus infections, which cause genital warts). The model allows 

for retesting in STI patients who have previously been diagnosed, based on the same 

adjustments as described in section 2.2.1. 

 

2.2.6 Testing of men who seek medical male circumcision (MMC) 

 

It is standard practice for men who get medically circumcised to receive HIV testing prior to 

circumcision. WHO guidelines on MMC recommend HIV testing prior to circumcision [80], 

and most donor-supported programmes also recommend this. For example, Lesotho’s MMC 

programme, supported by USAID, has provided HIV testing to 97% of all men presenting for 

MMC [81], and in a South African study, almost all men seeking MMC received HIV testing 

[82]. South African studies also show a strong association between MMC and knowing one’s 

HIV status. For example, in a sample of South African men who had been circumcised, Jean 

et al [83] found that 24% of those who had received an HIV test reported that the most recent 

HIV test was at the time of undergoing MMC. The sample included men who had been 
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traditionally circumcised (i.e. not in health facilities) and thus the proportion would probably 

be much higher than 24% if the analysis was restricted to men who had received MMC.  

 

Assumptions about the annual rate of MMC uptake in uncircumcised men are based on the 

most recent version of the Thembisa model [84]. In the Thembisa model, the uptake of MMC 

is modelled based on published numbers of MMC operations in annual reports of the 

Department of Health [85-87]. Uptake is assumed to be a function of age, based on the reported 

age distribution of MMC operations [88]. In MicroCOSM, we use the Thembisa estimates of 

the number of MMC operations per male aged 15-49 in each year, as model inputs (see Table 

S2.3), and also use the Thembisa estimates of the relative rates of MMC uptake by age to 

determine the age-specific rates at which uncircumcised men get medically circumcised. 

Relative rates of MMC (relative to ages 10-14) are set to 0.60 for males aged 15-19 years, 0.35 

for 20-24, 0.27 for 25-29, 0.21 for 30-34, 0.16 for 35-39, 0.12 for 40-44, 0.08 for 45-49, 0.05 

for 50-54, 0.03 for 55-59, 0.02 for 60-64, 0.01 for 65-69 and zero for males aged 70 and older. 

This implies that the majority of MMC operations occur in adolescent boys. 

 

It is assumed that only men who have not been diagnosed positive would seek MMC, and that 

all men who seek MMC are tested for HIV. In the event that men are diagnosed positive on 

seeking MMC, it is assumed that they choose not to get circumcised. (Although protocols do 

not restrict MMC to men who are HIV-negative, it is assumed that HIV risk reduction is the 

primary reason for seeking MMC, and thus a man who is diagnosed HIV-positive would have 

less incentive to get medically circumcised.) 

 

2.2.7 Testing of men in prison 

 

MicroCOSM simulates male incarceration and release from prison, assuming that rates of 

incarceration depend on men’s age, educational attainment, race, and history of prior 

incarceration. The model has been calibrated to match the estimated fraction of the male 

population in prison and the age profile of incarcerated men. A more detailed description of 

the model of incarceration is provided elsewhere [10]. 

 

HIV testing is commonly offered to prisoners at the time of admission to prison. In addition, 

prisoners are often able to request HIV testing at other times. The Department of Correctional 

Services only publishes the total number of HIV tests performed in prisons each year (i.e. with 

no split between new prisoners and those who have been incarcerated for longer durations), 

and we therefore model HIV testing in prisons as occurring at an annual rate, which is 

independent of the time since entry into prison. The model assumption about the rate of testing 

in a given year is obtained by dividing the reported total number of HIV tests in each year by 

the estimated number of prisoners in that year. The resulting assumed rates of testing are shown 

in Table S2.3. Relative rates of retesting in previously-diagnosed prisoners are the same as 

those assumed for general testing (see section 2.2.1). 

 

2.2.8 Testing of sex workers and MSM receiving PrEP 

 

A policy of free provision of PrEP for South African sex workers was announced in March of 

2016, but there has to date been very limited uptake among sex workers. In a  South African 

PrEP demonstration project, only 219 out of 351 HIV-negative sex workers started PrEP, and 

only 117 returned for their first visit 1 month after baseline [89], suggesting an effective 

adoption rate of 33% (117/351).  By the end of December 2017, approximately 3000 sex 
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workers had started PrEP in South Africa, 1.5 years after the South African sex worker PrEP 

programme was introduced (Hasine Subedar, personal communication). This is approximately 

8% of the Thembisa estimate of the number of HIV-negative sex workers in South Africa. We 

assume that from mid-2016 the mean annual rate at which sex workers adopt PrEP is 0.07. 

 

There is limited local data on PrEP uptake among MSM, as this only became policy in April 

of 2017. To be consistent with the assumptions made about PrEP uptake in sex workers, we set 

the assumed annual rate of PrEP uptake in MSM to be 0.07 per annum from July of 2017. 

 

It is assumed that all sex workers and MSM will be tested for HIV prior to initiating PrEP, and 

that those who test positive will not be started on PrEP. South African guidelines recommend 

quarterly screening of all individuals receiving PrEP [90], and it is therefore assumed 

thatindividuals receiving PrEP are tested for HIV every three months. Those who test positive 

are assumed to discontinue PrEP immediately.  

 

2.3 New HIV testing strategies 
 

This section describes potential new HIV testing strategies that could be introduced in South 

Africa. Although many of these new testing strategies have been piloted in small studies, none 

have been rolled out on a national scale. For each new testing strategy, we describe the model 

assumptions and the data sources on which they are based.  

 

Although assumptions about relative rates of testing in previously-diagnosed HIV-positive 

individuals are fixed for the HIV testing modalities that have already been introduced in South 

Africa (as described in section 2.2.1), we allow for uncertainty regarding the relative rates of 

testing for each of the new testing modalities. For the r2 parameter (the relative rate of testing 

in diagnosed untreated individuals, when compared to individuals who have never been tested), 

we assign a uniform (0, 1) prior to represent the uncertainty, i.e. assuming that diagnosed 

individuals would be less likely to accept an HIV testing offer than individuals who have never 

been tested. For the θ1 parameter (the relative rate of testing in treated individuals compared to 

diagnosed untreated individuals), we assign a beta prior with a mean of 0.36 and a standard 

deviation of 0.18, based on a Mozambican study that found significantly lower uptake of HIV 

testing in ART patients when compared to HIV-diagnosed untreated individuals, in the context 

of home-based testing [91]. 

 

2.3.1 Assisted partner notification 

 

Assisted partner notification differs from ‘passive’ partner notification in that the healthcare 

provider takes a more active role in facilitating disclosure of HIV status to sexual partners and 

referral of partners for HIV testing. Two trials in Malawi examined the effect of assisted partner 

notification compared to the traditional passive approach. Rosenberg et al [65] examined the 

effect of contract referral, i.e. women in the intervention arm agreed that if their partner did not 

come to the clinic for testing within the next week, a community health worker would trace 

them and invite them for HIV testing. This study found that the rate of partner notification in 

the contract referral arm was 74%, compared to 52% in the passive partner notification arm. 

The second trial tested two different forms of assisted partner notification: contract referral and 

provider referral (in the latter case, the health worker contacted the partner immediately and 

invited them for HIV testing) [61]. The rate of partner referral in the two intervention arms was 
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51% (the same rate in the contract and provider referral arms) compared to 24% in the control 

arm. Pooling the results of these two trials gives a combined OR of 2.93 (95% CI: 1.87-4.58) 

for the effect of assisted partner notification on rates of partner referral. 

 

In a more recent trial of provider referral in Kenya, Cherutich et al [92] found that the fraction 

of partners who received HIV testing within 6 weeks was 65% in the intervention arm 

compared to only 13% in the control arm. It is not clear why the rate of HIV testing in the 

control arm was so low when compared with the average of 30% from Table S2.2, but it may 

be because control arm recipients were told that their partners would be contacted regardless 

of which arm they were in – the only difference in the control arm being that contact occurred 

after a 6-week delay. This might have meant that individuals in the control arm had less 

incentive to disclose their HIV status to sexual partners. For this reason we have not pooled the 

result of this trial with the results of the two Malawian trials. Another study found that 56% of 

male partners were tested through a provider referral intervention in Cameroon, but this study 

did not include a control arm [93]. A recent meta-analysis of the results from the three 

randomized trials also estimated a significant effect of assisted partner notification on partner 

testing (RR 1.46, 95% CI: 1.22-1.75), though the effect was small because it was expressed as 

a rate ratio rather than an odds ratio [94].  

 

We model the effect of assisted partner notification by applying an odds ratio to the assumed 

rates of partner notification specified in section 2.2.4. For example, if the proportion of 

husbands of newly-diagnosed women who come for HIV testing is 30% in the absence of active 

partner notification, and assisted partner notification is assumed to increase the odds of partner 

testing by a factor of 3, then the fraction of husbands of newly-diagnosed women who would 

come for HIV testing under assisted partner notification is 0.56, i.e. 3 = (0.56/(1 – 0.56))/ 

(0.30/(1-0.30)). To represent the uncertainty around the odds ratio, we assign a gamma prior 

with a mean of 3 and a standard deviation of 0.7, which has 2.5 and 97.5 percentiles of 1.79 

and 4.51 respectively. This confidence interval corresponds roughly to confidence interval 

around the pooled odds ratio of 2.93 (1.87-4.58). Although the model allows for assisted 

partner notification to change the proportion of partners who are tested, it is assumed not to 

change the probability that the index case discloses their HIV status to their partner, and thus 

the only parameter that changes is the probability of partner testing conditional upon 

disclosure. In the example, this conditional probability increases from 0.42 (0.30/0.71) in the 

absence of assisted partner notification to 0.79 (0.56/0.71) with assisted partner notification. 

 

2.3.2 Home-based testing 

 

Several pilot studies have been conducted to assess the uptake of home-based HIV testing in 

sub-Saharan Africa. Although the majority of these studies show that a high proportion of the 

individuals reached through home-based testing consent to testing [95-97], relatively few 

studies report the fraction of the population reached through home-based testing, or the rate at 

which individuals are reached [98]. Some studies report the number tested both as a fraction of 

those offered testing and as a fraction of those in the population (Table S2.4). The latter is 

substantially lower because many household members are not present at the time of the visit of 

the HIV testing team. These findings are consistent with a recent systematic review and meta-

analysis of home-based testing interventions in sub-Saharan Africa, which estimated average 

uptake of 82% (95% CI: 76-87%) but average coverage of only 70% (95% CI: 58-79%) when 

absent household members were included in the denominator [99].  
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Table S2.4: Comparison of home-based testing coverage levels using different coverage 

definitions 

Study Location 

Uptake of testing 

As % of 

those 

offered 

As % of 

population 

Parker et al [100] Shizelweni region, Swaziland 73.6% 52.6% 

Tumwebaze et al [101] Kabwohe district, Uganda 98.1% 80.2% 

Sekandi et al [102] Kampala, Uganda 69.4% 58.0% 

Bogart et al [103] Kavenyanja Island, Uganda 88.3% 60.3% 

Shanaube et al [104] Zambian communities in PopART trial 72.2%* 59.0%* 
* Excluding individuals who self-reported a prior HIV-positive diagnosis. 

 

Some test refusal occurs because HIV-positive individuals already know their HIV status or 

because uninfected individuals have recently tested. For example, the coverage estimate of 

60.3% in Kavenyanja Island increased to 66.3% if individuals who already knew they were 

HIV-positive were excluded [103]. In a South African study, 41% of individuals who refused 

the offer of home-based HIV testing did so because they already knew their HIV status [95]. 

Thus the rates of uptake in Table S2.4 could be under-estimates of rates of test uptake in 

undiagnosed individuals. 

 

Men and women appear to have different rates of HIV testing. The previously-cited meta-

analysis of studies of home-based testing in Africa estimated that men comprised only 40% of 

individuals tested for HIV [99], which suggests higher rates of uptake in women compared to 

men. If it is assumed that there are on average equal numbers of men and women, this suggests 

an HIV testing rate in men that is two thirds of that in women. We therefore assume that the 

rate of uptake of home-based testing is 1.2 times the average in women and 0.8 times the 

average in men (so that the male-to-female testing rate is 2/3). To represent the uncertainty 

regarding the average uptake (in undiagnosed individuals), we assign a beta distribution with 

a mean of 70% and a standard deviation of 7%. This distribution has 2.5 and 97.5 percentiles 

of 55.5% and 82.7% respectively; the lower bound is close to the lowest uptake estimate in 

Table S2.4 (58%) and the upper bound corresponds to the maximum rate of 100% for women 

(since 82.7% × 1.2 = 99.2%). The mean of the distribution is the same as that estimated in the 

meta-analysis of home-based testing studies [99]. 

 

Age is assumed to have no effect on the uptake of home-based testing [103, 105], although two 

studies in Malawi and Zambia found that uptake of home-based testing was significantly lower 

in older adults [104, 106]. 

 

The likely frequency of home-based testing is unclear. Although modelling studies have 

typically assumed very frequent household HIV testing (for example, once a year or more 

frequently [107, 108]), studies in South Africa have had variable success in achieving rapid 

coverage. In a cluster-randomized trial of home-based testing in rural KwaZulu-Natal, Doherty 

et al [98] found that it took 14 months to visit all households in the intervention clusters. In 

another cluster-randomized trial of home-based testing in rural KwaZulu-Natal, Naik et al [95] 

found that it took 5 months to visit all households in the intervention clusters. Another 

community-based study in rural KwaZulu-Natal also found that it took 5 months to visit all 

households [96]. Given that these are research studies or randomized trials, which are relatively 

well-resourced, one might expect testing teams in field settings to take longer to reach 
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households. It is also worth noting that almost all of these studies have been once-off 

evaluations of home-based HIV testing, and only one study has evaluated the uptake of home-

based HCT when repeated after an interval of two years [106]. In this study, uptake of HIV 

testing improved in the second round. Although this may have been partly because of greater 

efforts to reach absent household members in the second round, the results suggest that biennial 

home-based testing is feasible without significant deterioration in uptake. We therefore assume 

that home-based testing teams visit households once every two years on average, and that there 

is no change in home-based testing uptake over time. 

 

2.3.3 Testing of women attending family planning clinics 

 

Although the most recent South African HIV testing guidelines recommend offering HIV 

testing to women attending family planning clinics [109], no data exist on the extent to which 

this guidance is actually followed. It is therefore conservatively assumed that there has been 

minimal HIV testing performed in family planning clinics to date. Data from other African 

settings in which HIV testing has been integrated into family planning services generally 

suggest low HIV test uptake. In a Kenyan study, it was found that 35% of women attending 

intervention clinics, in which HIV testing was offered as part of family planning consultations, 

received HIV testing [110]. In another Kenyan study, 28% of women attending family planning 

services received HIV testing at baseline, but the extent of integration of HIV testing into 

family planning services varied across clinics [111]. Paradoxically, HIV test uptake at baseline 

was lower in the family planning clinics in which there had already been substantial integration, 

and the authors speculated that this might be because there was a degree of saturation, i.e. HIV 

testing was less likely to be received by women who had already tested at the family planning 

service. The fraction of women attending the well-integrated clinics who received the 

recommended testing frequency (at least one test per 12-month period) was 65%, but this is 

likely to be an upper bound on the fraction of women who actually received the recommended 

tests in family planning clinics, because women were asked about any HIV testing (not 

specifically testing in family planning clinics). 

 

For the purpose of modelling the potential future impact of promoting HIV testing in family 

planning clinics, we assign a gamma prior to represent the uncertainty around the annual rate 

at which family planning attenders get tested at family planning services. This prior distribution 

is assigned a mean of 0.45 and a standard deviation of 0.10. The 2.5 and 97.5 percentiles of 

this distribution are 0.28 and 0.67 respectively; the lower bound thus corresponds to the value 

that might be expected if women make only one family planning clinic visit per year (since the 

28% and 35% estimates are the testing probabilities for a single visit), while the upper bound 

of 0.67 corresponds to the value that would be expected if all of the women who received 

annual testing in the Kenyan study were tested at family planning services. 

 

MicroCOSM simulates the uptake of contraception dynamically, assigning to each woman a 

female-controlled contraceptive use variable (no contraception, injectable contraception, oral 

contraception or sterilization) and separately assigns to each woman indicators of whether she 

consistently uses condoms with her current sexual partner(s). The uptake of hormonal 

contraception is assumed to be lower in women who consistently use condoms. It is also 

assumed to be influenced by women’s age, race, educational attainment, sexual activity (lower 

in women who are not sexually active), natural fertility (lower in women who are relatively 

less fertile), pregnancy status and breastfeeding status. The model also allows for a shift 

towards lower hormonal contraceptive methods over time, particularly in young women, as 
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condoms have become relatively more popular. Women who use injectable contraception are 

also assumed to be more susceptible to HIV. A more detailed description of the model of 

hormonal contraceptive use is provided elsewhere [10]. The women who use hormonal 

contraception (injectable or oral contraceptives) are assumed to comprise the population of 

women attending family planning clinics. 

 

2.3.4 Mobile testing 

 

A limitation of many studies of mobile testing is that they do not report information on the 

demographics of the population in which mobile testing is provided, but report only the 

characteristics of the individuals tested for HIV. This makes it difficult to determine both the 

rate of uptake at a population level and the relative rates of uptake by age and sex. Nevertheless, 

a few studies have provided enough information to calculate an annual rate of HIV testing 

when mobile HIV testing was offered in a particular community (Table S2.5). A study 

conducted in a South African township near Cape Town found that when a mobile testing 

service was introduced in the community over a 16-month period between 2009 and 2010, the 

annual rate of HIV testing through the service was 5.5 tests per 100 person years [112]. 

Similarly, when a mobile testing service was offered in the Umlazi township in KwaZulu-

Natal, the average HIV testing rate in adults was approximately 2.8 HIV tests per 100 person 

years [113]. These rates are substantially lower than the rates of 15-19 per 100 person years 

observed in a randomized trial of mobile HIV testing in three countries [114]. This may be 

because the randomized trial included a significant community mobilization component. Being 

a randomized trial may also have meant that the intervention was more intense than might be 

expected in a ‘real world’ setting. A high rate of uptake (34 per 100 person years) was also 

observed in mobile-testing campaign conducted over a short period (5 months) in Tanzania, 

the high uptake rate a likely reflection of the short duration of the intervention and the 

community mobilization associated with it [115]. A limitation of all four studies is that they 

were not able to estimate what fraction of the population was already HIV-diagnosed (and thus 

unlikely to present for HIV testing); including these diagnosed individuals in the denominator 

means that the rate of testing in undiagnosed individuals may be under-estimated. 

 

Table S2.5: Annual uptake of HIV testing due to mobile testing 

Study Location Population 
Annual testing rate 

(per person year) 

Kranzer et al [112] South Africa Ages 15+ 0.055 

Bassett et al [113] South Africa Ages 15+ 0.028 

Sweat et al [114] Tanzania Ages 16-32 0.15 

 Zimbabwe Ages 16-32 0.16 

 Thailand Ages 16-32 0.19 

Ostermann et al [115] Tanzania Ages 18-50 0.34 

 

Although the Cape Town study did not directly report testing rates stratified by demographic 

characteristics, information on the demographic profile of the community from another study 

[116] allows the calculation of these rates. Testing rates were slightly higher in men than in 

women (6.3 versus 4.8 per 100 person years) and slightly higher in individuals aged 15-34 than 

in those aged 35 or older (5.8 versus 4.6 per 100 person years), but were the same for 

individuals who had previously tested for HIV and those who had never tested for HIV before. 

Another study in Thailand, which did not report testing rates but nevertheless compared the 

features of individuals who received mobile HIV testing with those who did not, found that the 
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two groups were similar with respect to age, sex and prior HIV testing, but that individuals 

who received mobile testing were more likely to be unmarried and to report higher levels of 

risk behaviour [117]. In a meta-analysis of mobile HIV testing studies in sub-Saharan Africa 

[99], the average proportion of clients who were male was 50% (95% CI: 47-54%), which 

suggests similar rates of mobile testing uptake in men and women. In the Tanzanian study 

described previously, similar numbers of men and women were tested as part of the 

intervention, but uptake was slightly lower in older adults than in younger adults [115]. 

 

In our model we assume that if mobile HIV testing is offered in a community, there is a constant 

rate of mobile test uptake that is the same for all adults, regardless of age or sex. To represent 

the uncertainty regarding the annual rate that would be expected in the absence of community 

mobilization, we assign a gamma prior with a mean of 0.055 (the same as that estimated in the 

Cape Town study [112]) and a standard deviation of 0.02. We also assume that community 

mobilization would lead to a doubling of this rate. The 2.5 and 97.5 percentiles of the 

distributions are 0.023 and 0.101 respectively in the absence of community mobilization (i.e. 

wide enough to include the estimates from the two South African studies), and 0.046 and 0.202 

respectively with community mobilization (wide enough to include the estimates from the RCT 

of mobile testing with community mobilization). Although it may seem conservative to assume 

that community mobilization doubles testing uptake, this is more consistent with the modest 

effects of community mobilization observed in another recent South African study, which 

found that community mobilization had little effect on HIV testing [118].  

 

2.3.5 HIV testing targeted to MSM 

 

Few studies in developing countries have assessed the impact of mobile HIV testing targeted 

to men who have sex with men (MSM). In a Nigerian study, Adebajo et al [119] evaluated a 

strategy that involved high-risk men (either MSM or injecting drug users) offering HIV testing 

to their peers, or else referring them to a nearby mobile testing service. Although it was found 

that a high proportion of the MSM accepted the offer of HIV testing (99% and 77% 

respectively), no information was provided on the methods used to locate MSM or the fraction 

of MSM who were reached by the intervention. This makes it difficult to estimate what levels 

of coverage are feasible with such an intervention. Another study involved peer education 

among Kenyan male sex workers (MSWs), and found that MSWs who had been exposed to 

the peer educators were more likely to report having ever been tested for HIV [120]. After the 

intervention had been running for a year it was found that the proportion ever tested was 81% 

among the 33% of MSWs who had been exposed to peer educators, compared to 61% among 

the MSWs who had not been exposed. Crudely, this suggests an annual uptake of HIV testing 

among all MSWs of 0.33 × (-ln((0.81 – 0.61)/(1 – 0.61))) = 0.22. 

 

Another MSM-focused intervention in South Africa, Boithato, aimed to recruit MSM in a 

predominantly rural district into regular HIV testing, provided by MSM-friendly clinics. An 

RDS survey identified a sample of 185 HIV-negative MSM in the community at baseline [121]. 

Of these, 121 subsequently tested for HIV as part of the Boithato intervention, over an average 

duration of 1.2 years [122]. This suggests an annual rate of HIV testing through the intervention 

of roughly 0.88 (-ln(1 – 121/185)/1.2). This estimate of 0.88 is probably an over-estimate, as 

MSM who participated in the baseline survey were probably not a representative sample of all 

MSM in the district, and because they participated in the baseline survey, they may have been 

more exposed to the HIV testing intervention.  
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We assign a gamma prior distribution to represent the uncertainty around the MSM testing rate 

in communities in which interventions similar to Boithato have been introduced. This gamma 

prior is assigned a mean of 0.40 and a standard deviation of 0.20. The 97.5 percentile of this 

distribution is 0.88, the same as the upper limit estimated from the Boithato trial, while the 2.5 

percentile is 0.11, less than the value of 0.22 estimated in Kenya. This rate is multiplied by the 

assumed coverage of this testing intervention to obtain the actual uptake in a given year. 

 

2.3.6 HIV testing targeted to sex workers 

 

Although many African studies have assessed the impact of interventions to increase STI 

screening in sex workers [123], few African studies have examined the uptake of HIV testing 

among sex workers in programmes that targeted sex workers. Ghys et al [124] evaluated the 

impact of an intervention in Abidjan (Côte d’Ivoire), which involved peer educators recruiting 

sex workers to a dedicated clinic for HIV testing and STI screening. Independently, sex 

workers in the community were surveyed to determine whether they had ever accessed this 

dedicated sex worker service, and the proportion of sex workers who reported having ever 

accessed the service increased from 9% in 1993 (soon after the service was introduced) to 37% 

in 1997. This is roughly equivalent to a 15% annual rate of HIV testing (taking into account 

the competing risk of retirement from commercial sex work). 

 

In the more recent SAPPH-IRe trial, conducted in Zimbabwe, community mobilization was 

conducted among sex workers in intervention clusters to promote various HIV services, 

including HIV testing (women who were HIV-negative were encouraged to retest at 6-month 

intervals) [125]. RDS surveys were conducted at the start and end of the trial, and among HIV-

positive sex workers in the intervention clusters, the fraction diagnosed increased from 62.3% 

in the baseline survey to 79.8% in the final survey, roughly 29 months later. HIV prevalence 

among sex workers remained relatively stable over the trial, and it is therefore reasonable to 

assume that HIV-diagnosed sex workers who retired from sex work over the course of the trial 

were replaced by either (a) new sex workers who were already HIV-positive, or (b) new HIV 

infections among women who were sex workers at the time of acquiring HIV. For the purpose 

of estimating the annual rate of HIV testing among sex workers in the intervention clusters, λ, 

it will be assumed that both sources of ‘replacement’ HIV infection are initially undiagnosed. 

It is further assumed that of those ‘replacement’ infections remaining in the intervention 

clusters at the time of the final survey, the distribution of times since either acquiring HIV or 

entering sex work (whichever event occurred later) is uniform over the time between the 

baseline and final surveys. This means that among these replacement HIV infections, the 

proportion who are undiagnosed at the time of the final survey is  

 

( ) −−
42.2

0
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42.2

1
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where 2.42 is the time between the first and final surveys (in years). If r is the annual rate at 

which women retire from sex work, then the proportion of HIV-positive sex workers at the 

time of the first survey who are still sex workers at the time of final survey should be exp(-

2.42r), and the proportion of these women who remain undiagnosed at the time of final survey 

should be exp(-2.42λ) × (1 – 0.623). Thus the overall proportion of HIV-positive sex workers 

who are undiagnosed at the time of the final survey should be  
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Setting this expression to 1 – 0.798 and fixing r at an assumed retirement rate allows us to solve 

for λ. However, results are sensitive to the assumed value of r. If r = 0.33 (the value assumed 

in the Thembisa model [126], equivalent to an average duration of 3 years in sex work), the 

estimated value of λ is 1.11. Changing r to 0.125 and 0.50 (equivalent to average durations of 

8 and 2 years respectively) yields λ estimates of 0.60 and 1.41 respectively. These annual rates 

of HIV testing are substantially higher than the estimates obtained from Côte d’Ivoire. 

 

Another recent study assessed the effect of an intervention to improve sex workers’ access to 

reproductive healthcare (including HIV testing) in three African cities (Durban, Mombasa and 

Tete), using a variety of context-specific methods [127]. As in the Zimbabwean trial, RDS 

surveys were conducted prior to the intervention and at the end of the intervention to assess the 

effect of the intervention on the uptake of HIV testing. The annual testing rate (calculated from 

the proportion of women who reported HIV testing in the last 6 months) increased from 1.05 

to 3.57 in Durban, from 2.47 to 4.17 in Mombasa, and from 1.64 to 2.90 in Tete. These imply 

increases in annual testing rates of 2.52, 1.71 and 1.26 respectively, i.e. somewhat higher than 

the Zimbabwe trial results suggest. It is possible that the observed change in testing rates might 

be due in part to changes in testing rates in the general population over the intervention period 

(independent of the intervention). However, in all cities except Durban sex workers did not 

report any increase in HIV testing through public health facilities, and almost all of the increase 

in HIV testing was through sex worker-focused services. 

 

A recent systematic review of sex worker interventions in China found that in six studies that 

evaluated comprehensive interventions involving HIV testing, there was a significant increase 

in the fraction of female sex workers who reported having tested for HIV in the last 12 months 

(OR 8.1, 95% CI: 4.0-16.7) [128]. However, it is not clear what proportion of sex workers were 

reached by these interventions, which makes it difficult to parameterize our model based on 

these results. 

 

A gamma distribution is assigned to represent the uncertainty around the annual rate of uptake 

of HIV testing through FSW-focused programmes. Based on the results of the studies in Côte 

d’Ivoire and Zimbabwe, we assign a mean of 1.35, the average of the five rates estimated in 

the three studies. A standard deviation of 1 is assigned; the resulting 2.5 and 97.5 percentiles 

of the prior distribution are 0.14 and 3.90 respectively, thus including the range of estimates 

presented. 

 

2.3.7 HIV testing targeted to adolescents/school-based testing 

 

Although there have been a few HIV testing interventions piloted in South African schools by 

NGOs [129, 130], no national policy on HIV testing in schools has been adopted. In a recent 

survey of South African high school students in two provinces, 72% of students reported that 

they would get tested at school if HIV testing was offered in schools [131]. Acceptability was 

significantly higher in girls (76%) than in boys (67%). However, actual uptake was much lower 

(18%) when HCT was offered at schools in northern KwaZulu-Natal as part of an intervention 

that involved the use of drama to promote HIV testing [130]. A recent household survey in the 

Western Cape and Mpumalanga provinces found that of the 21.7% of adolescents who reported 

having ever tested for HIV, 71.8% reported having tested for HIV as part of a school-based 
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campaign; this suggests a relatively high rate of uptake of testing in schools, considering that 

only 23% of all youth reported having ever been exposed to school testing programmes [132]. 

As noted previously, this study also found that there was a strong association between having 

recently tested for HIV and being sexually experienced (aOR 4.7, 95% CI: 3.1-7.3) (Franziska 

Meinck, personal communication).  

 

In our model we assume that the rate of uptake of HIV testing in sexually experienced high 

school students is 67% and 76% in boys and girls respectively, based on the previously-cited 

survey of acceptability levels [131], and based on the high proportions tested through school-

based testing programmes in a recent household survey [132]. However, lower rates of HIV 

testing are assumed to apply in youth who are not sexually experienced. To represent the 

uncertainty regarding the effect of virginity on HIV testing uptake, we assign a gamma prior 

with a mean of 0.5 and a standard deviation of 0.2. This distribution has 2.5 and 97.5 percentiles 

of 0.13 and 0.87 respectively; the upper limit is close to 1 (i.e. implying little difference 

between virgins and sexually-experienced adolescents), while the lower limit corresponds to 

the lower limit estimated from the work of Meinck et al (1/7.3). HIV testing is assumed to be 

offered once every two years on average, i.e. at a testing frequency similar to that assumed for 

home-based testing.  

 

MicroCOSM simulates educational attainment and grade progression by assigning to each 

individual in the population a highest grade passed and a variable indicating whether they are 

currently in school/studying. Age-specific rates of entry into grade 1 are assumed, and for each 

grade, annual probabilities of school-dropout and grade repetition are specified, which vary in 

relation to sex and race. Adolescent girls and young women can also drop out of school as a 

result of pregnancy. The model has been calibrated to various South African education 

statistics, and a more detailed description of the model of educational attainment is provided 

elsewhere [10]. For the purpose of the current analysis, it is assumed that HIV testing is offered 

only to those adolescents and youth who are currently in high school, i.e. currently in grades 

8-12. 

 

2.3.8 HIV testing in workplaces 

 

A number of studies have evaluated the potential impact of HIV testing in workforce 

populations, which may be particularly important in reaching men. In a study of a company-

based testing intervention in Zimbabwe, Corbett et al [133] found that 49.5% of company 

employees received HIV testing; rates of testing were similar in men and women. A 

multinational brewing company conducted more routine HIV testing among employees in five 

African countries and found that the annual fraction of eligible employees who were tested for 

HIV was higher in women (28%) than in men (22%), although the vast majority of the 

workforce was male [134]. Another study conducted among health workers in seven Kenyan 

hospitals found that the uptake of self-testing was substantially higher among women (37%) 

than among men (29%) [135]. 

 

Table S2.6 summarizes the results of a logistic regression model applied to data from the 2015 

South African Labour Force Survey (Quarter 3), to assess factors affecting the probability of 

employment (defined in the survey as having done any paid work in the last week). The results 

confirm that employment rates are substantially higher in men than in women. These results 

are used to predict the probability of employment, for each individual in the model, at the start 

of each year (individuals who are currently in school/studying and individuals who are younger 
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than 15 are assumed not to be employed). This is a relatively simple model, as it does not take 

into account that employment status in year t is likely to be a function of employment status in 

year t-1 (although the dependence of the two probabilities on the demographic variables shown 

in Table S2.6 does nevertheless ensure that there is strong correlation). Further work is required 

to model changes in employment status more realistically. 

 

Table S2.6: Factors associated with employment in South Africa (2015) 

Variable  Adjusted odds ratio (95% CI) 

Sex Male 1.00 

 Female 0.61 (0.58-0.64) 

Location Rural 1.0 

 Urban 1.51 (1.43-1.59) 

Age 15-19 1.00 

 20-24 2.54 (2.01-3.21) 

 25-29 4.56 (3.62-5.73) 

 30-34 5.88 (4.67-7.39) 

 35-39 6.61 (5.24-8.32) 

 40-44 7.11 (5.64-8.96) 

 45-49 7.00 (5.54-8.85) 

 50-54 5.34 (4.22-6.77) 

 55-59 4.24 (3.33-5.38) 

 60-64 1.52 (1.18-1.96) 

 65+ 0.24 (0.18-0.33) 

Education (highest None 1.00 

   grade passed) 1 1.16 (0.61-2.21) 

 2 0.97 (0.53-1.79) 

 3 0.86 (0.47-1.57) 

 4 0.82 (0.45-1.47) 

 5 0.93 (0.52-1.68) 

 6 1.11 (0.62-1.97) 

 7 1.10 (0.62-1.95) 

 8 0.95 (0.54-1.69) 

 9 1.05 (0.59-1.85) 

 10 1.23 (0.70-2.16) 

 11 1.17 (0.67-2.07) 

 12 1.97 (1.12-3.47) 

 Tertiary 3.47 (1.95-6.16) 

 Other 1.16 (0.65-2.04) 

Race Black 1.00 

 Coloured* 1.42 (1.30-1.54) 

 Asian 0.79 (0.68-0.92) 

 White 1.23 (1.11-1.37) 

Constant  0.106 (0.067-0.230) 
Source: South African Labour Force Survey 2015, Quarter 3 (authors’ own calculations). * This term is used in 

South Africa to refer to individuals of mixed race. 

 

To model the impact of workplace testing programmes on the annual rate of HIV testing, we 

apply an annual rate of HIV test uptake to all employed individuals, with this annual rate being 

multiplied by the fraction of the workforce population that has access to regular workplace 
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HIV testing. The rate of test uptake is set to 22% in men and 28% in women, based on the 

estimates of van der Borght et al [134]. (Although this is lower than the level of HIV testing 

observed by Corbett et al [133], the latter study expressed uptake as a cumulative fraction tested 

rather than as an annual rate, and was a randomized trial over a two-year term, making it less 

applicable in estimating longer-term annual uptake in routine settings.) The proportion of the 

workforce that might realistically have access to regular workplace testing is more difficult to 

estimate. In 2018 it was estimated that 69% of the employed population was working in the 

formal non-agricultural sector [136], and this might be considered an upper bound on the 

fraction that could be reached by workplace testing, since self-employed individuals, 

subsistence farmers and agricultural workers in rural areas would probably not access 

workplace testing. To represent the uncertainty around the fraction of the employed population 

that would have access to regular workplace testing, we assign a beta prior with a mean of 30% 

and a standard deviation of 18%. This distribution has 2.5 and 97.5 percentiles of 3% and 70% 

respectively, thus representing wide ranges of uncertainty, with the upper bound on the range 

being the fraction of the employed population in the formal non-agricultural sector. 

 

2.3.9 Testing of male partners of pregnant women 

 

Although partner notification interventions have been described previously, these interventions 

are applicable only when an individual has been diagnosed positive and there is an interest in 

making sure that their sexual partner is also tested for HIV. In the context of antenatal care, 

there is also interest in testing the partners of women who are HIV-negative, recognizing that 

women have high HIV incidence rates during the antenatal and postpartum periods, and that 

maternal HIV incidence during this period is associated with a high mother-to-child 

transmission risk [137, 138]. Table S2.7 summarizes the results of a number of African studies 

that have invited male partners for antenatal HIV screening. In studies in which men were 

offered a formal invitation letter, the average proportion of male partners tested was 33%, while 

in two studies in which women were encouraged verbally to bring their partners on their next 

antenatal visit (with no formal letter of invitation), the proportion of men who were tested was 

on average 14%. As noted in section 2.2.4, most of the studies have been conducted in settings 

in which there is a high rate of marriage or cohabitation. Because there is a strong positive 

association between marital status and partners seeking antenatal testing [63, 139, 140], the 

results of these studies may be less generalizable to South Africa, where a high proportion of 

pregnant women are not married or living with their partners.  

 

Table S2.7: African studies of male antenatal screening 

Form of 

invitation 
Study Location 

% of couples 

married or 

cohabiting 

% of men 

tested 

Invitation  

letter 

Krakowiak et al [141] Kisumu, Kenya 100% 39% 

Osoti et al [142] Nyanza, Kenya 100% 36% 

 Jefferys et al [140] Mbeya, Tanzania 74% 43% 

 Byamugisha et al [143] Mbale, Uganda 99% 15.5% 

 Mohlala et al [144] Cape Town, SA 67% 32% 

Verbal offer Katz et al [139] Nairobi, Kenya 91% 16% 

 Msuya et al [63] Moshi, Tanzania 91% 12.5% 

 

It is not clear if the woman’s HIV status affects the probability of the male partner getting 

tested. Mohlala et al [144] found that the odds of male partner attendance was significantly 
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higher if the woman was HIV-positive (aOR 1.50, 95% CI: 1.11-2.02). In contrast, Jefferys et 

al [140] found that in women who self-reported that they were HIV-positive, there was a 

significantly lower proportion of their male partners who came to the antenatal clinic for HIV 

testing (when compared to women with a self-reported negative status). This may have been 

because most of the women who reported they were HIV-positive already knew that their 

partners were HIV-positive, or it may have been because this study promoted couple-based 

testing, which may have been less acceptable to HIV-positive women. In the absence of 

consistent evidence, it is assumed that the fraction of male partners attending the clinic for HIV 

testing is independent of the woman's HIV status. However, the model does allow implicitly 

for a lower rate of referral by HIV-positive women, (a) because HIV-positive women are less 

likely to be in marital relationships (which have higher referral probabilities associated), and 

(b) because HIV-positive women are more likely to have partners who have already been 

diagnosed HIV-positive (HIV-diagnosed individuals are assumed less likely to get tested). 

 

Interventions may be effective in increasing the fraction of male partners who receive HIV 

screening. Two studies in the Nyanza province of Kenya found that home visits to contact male 

partners significantly increased the fraction of male partners tested (to 87% [141] and 85% 

[142], corresponding to odds ratios of 10.5 and 10.1 respectively). However, the intervention 

was limited to couples who were married or cohabiting, and the intervention would probably 

be less appropriate to other couples.  

 

In our model it is assumed in the baseline scenario that there is no HIV testing of male partners 

of pregnant women.  We consider two possible interventions to encourage partner testing. In 

the first, we consider the effect of providing self-testing kits to women to give to their male 

partners (discussed in section 2.3.10). In the second, we assume that providing invitation letters 

to pregnant women for their partners to get tested would lead to a proportion of partners getting 

tested, with the proportion depending on the partnership type. To represent the uncertainty 

around the proportion that applies in the context of marital relationships, we assign a beta prior 

with a mean of 33% (the average of the results in Table S2.7, in which almost all subjects were 

married) and a standard deviation of 10%. This distribution has 2.5 and 97.5 percentiles of 15% 

and 53% respectively (wide enough to include all of the estimates from the studies that included 

invitation letters in Table S2.7). The odds of a non-marital partner testing is assumed to be 0.25 

times the odds of a marital partner testing [63, 139, 140]. For example, if the assumed testing 

probability in marital partners is 0.33, the assumed testing probability for non-marital partners 

is 0.11 ((0.11/(1 – 0.11))/(0.33/(1 – 0.33)) = 0.25). 

 

2.3.10 Self-testing 

 

A number of studies have examined the feasibility of self-testing strategies to increase the 

uptake of testing. In a Kenyan antenatal setting, Masters et al [145] compared the effect of 

encouraging women to refer their partners to the clinic for HIV testing and the effect of 

providing women with self-testing kits for their partners (a ‘secondary distribution’ strategy 

for self-testing). Of the latter group, 90.8% reported that their partner got tested, as compared 

to 51.7% in the former group. Secondary distribution of self-testing is also being explored in 

high risk groups. For example, Carballo-Diéguez et al [146] assessed the feasibility of 

providing self-testing kits to high-risk MSM for testing their prospective sexual partners in the 

US (‘point-of-sex testing’). In South Africa, Lippman et al [147] have also evaluated the 

potential impact of secondary distribution of self-testing kits through MSM, though their results 
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suggest that a high proportion of the self-testing kits were distributed to family and friends (not 

necessarily other MSM). 

 

Self-testing has also been considered in the context of home-based testing (community-based 

distribution). In a Malawian study, Choko et al [148] assessed the uptake of self-testing when 

it was offered as part of a home-based testing intervention. Although a high proportion (91.7%) 

of household members agreed to self-testing, there was no comparison group in this study, and 

thus it is difficult to know whether this result is better than or poorer than the uptake that might 

be expected if conventional HIV testing were offered. Individuals in the study could choose to 

receive only conventional HIV testing, but none chose this option – which suggests that self-

testing is more acceptable than conventional testing. However, in a Zambian trial, nested within 

the PopART study, only 45% of household members given the choice of a self-test or a rapid 

test chose the self-test [149]. In this study, the uptake of home-based testing was higher in men 

who were randomized to receive the offer of self-testing than in those who were offered only 

rapid testing (OR 1.30, 95% CI: 1.07-1.60), but there was no significant difference in uptake 

when comparing women offered rapid testing or the choice of rapid or self-testing [149]. 

 

In a more recent trial conducted in South Africa, young women were randomly assigned to 

receive an offer of free HIV testing at a nearby clinic (the control group) or to be offered the 

choice of a self-testing kit or a free HIV test at a nearby clinic (the intervention group) [150]. 

In the intervention group, 96% chose to receive self-testing kits rather than go for free testing 

at a clinic. After 3 months, the uptake of any HIV testing was 97% in the intervention arm 

compared to 48% in the control arm. 

 

Another possible distribution strategy is to sex workers, through peer educators. Two recent 

trials in Zambia [151] and Uganda [152] both compared the effect of peer educators referring 

sex workers to testing at a nearby clinic against the effect of peer educators providing women 

with self-testing kits, or else providing them with vouchers that they could use to obtain self-

testing kits. In the Zambian trial, the proportion of sex workers who reported testing for HIV 

after one month was 88.5% in the referral arm, compared to 94.9% in the secondary distribution 

arm (OR 2.4) and 84.4% in the coupon arm (OR 0.70). In the Ugandan trial, the proportion of 

sex workers who reported testing after 1 month was significantly lower in the referral arm 

(71.5%) than in the secondary distribution arm (95.2%) and the coupon arm (80.4%). Another 

study in Zimbabwe found that self-testing was acceptable when offered to sex workers 

attending a dedicated sex worker clinic, although 46% preferred to receive standard rapid 

testing [153]. 

 

Self-testing has also been provided to individuals who are receiving PrEP [154], and to health 

workers [135], though with no comparison group to assess the effect of self-testing on overall 

uptake of testing. The STAR project, currently under way in Malawi, Zambia and Zimbabwe, 

also aims to assess the feasibility of offering self-testing kits to patients attending health 

facilities and men attending MMC services (facility-based distribution).   

 

The previously-mentioned self-testing strategies all build upon existing HCT strategies, i.e. 

strategies that were originally developed with the use of rapid HIV tests performed by health 

workers. In these situations, the impact of self-testing can be modelled by modifying the 

assumptions about the uptake of HIV testing rather than by introducing new ‘access channels’ 

into the model. A recent systematic review and meta-analysis assessed the effect of self-testing 

on the uptake of testing when compared to conventional testing approaches [155]. The pooled 
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relative risk (RR) for the effect of self-testing was 2.12 (95% CI: 1.51-2.98). However, for the 

purpose of parameterizing our model, it is more appropriate to work with an odds ratio (OR), 

since working on the OR scale prevents rates of uptake in excess of 100%. We calculate the 

pooled odds ratio as 8.17 (95% CI: 6.47-10.31), using a random effects meta-analysis in Stata 

13.1. To represent the uncertainty around the effect of offering self-testing on the odds of 

testing, we assigned a gamma prior with a mean of 8.17 and a standard deviation of 1; this 

distribution has 2.5 and 97.5 percentiles of 6.33 and 10.24 respectively, similar to the 

confidence interval around the OR estimated in the meta-analysis.  

 

We consider two possible self-test distribution strategies: to partners of pregnant women and 

to household members (strategies described previously). For example, in the case of husbands 

of pregnant women, if it is assumed that 33% would get tested for HIV if issued formal 

invitation letters via their partners, and if it is assumed that distributing self-testing kits instead 

of invitation letters increases the odds of testing 8-fold, the modelled probability of the husband 

self-testing is 80%, or (1 + (1 – 0.33)/(0.33 × 8))-1 (slightly less than the rate of 91% in the 

randomized controlled trial of Masters et al [145]). In the case of home-based testing, if it is 

assumed that the coverage of conventional rapid testing uptake is 56% in men and 84% in 

women (the means of the distributions specified in section 2.3.2), these proportions increase to 

91% and 98% respectively if testing teams offer the choice of rapid testing or self-testing (with 

the latter being recommended for absent household members). These are similar to the uptake 

rates of 92% and 97% observed when community-based distribution of self-testing kits was 

evaluated in Malawi [148] and South Africa [150] respectively. 

 

There are other self-testing distribution strategies that could be modelled as fundamentally new 

‘access channels’. Most importantly, the provision or sale of self-testing kits through 

pharmacies could potentially change the rate of HIV testing substantially. Legislation in South 

Africa has recently changed, making it possible for pharmacies to sell HIV self-testing kits. 

However, the cost of these kits is substantial and may be a barrier to individuals purchasing 

these tests. State subsidization of these testing kits, or the provision of vouchers to allow high-

risk individuals to collect free tests from pharmacies might be strategies for overcoming the 

cost barrier. The effect of offering subsidized self-test kits to pharmacy clients was evaluated 

in a recent Kenyan study, which found that the kits were frequently purchased by individuals 

who had come to the pharmacy specifically for HIV testing, but there was very little demand 

for the kits among individuals coming to the pharmacy for other reasons [156]. Another study 

in the US assessed the effect of providing vouchers for self-test kits to MSM, which could be 

redeemed at local pharmacies, but found that only 19% of vouchers were redeemed [157]. In 

the absence of data to demonstrate a significant increase in demand for HIV testing as a result 

of such interventions, we have not attempted to model the impact of self-testing kit sales 

through pharmacies. 

 

2.4 Test sensitivity and specificity 
 

The MicroCOSM model makes an implicit allowance for imperfect test sensitivity by assuming 

that individuals in the acute phase of HIV infection (the first 3 months of HIV infection) do not 

test positive, while all HIV-positive individuals who test after acute infection would test 

positive. Although this is simplistic, a recent review found that rapid test sensitivity was heavily 

dependent on the fraction of HIV-positive individuals who had recently acquired HIV and were 

seronegative [158]. In this review, the average rapid test sensitivity was 93.7% when evaluated 

relative to nucleic acid amplification tests (NAATs), and this sensitivity was substantially 
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lower in high-income settings (85.2%), in which the proportion of acute infections was high 

(13.6%), when compared to the sensitivity in low-income settings (97.4%), in which the 

proportion of acute infections was low (4.7%). In our model, the simulated fraction of HIV-

positive individuals testing for HIV who are in the acute phase of infection varies between 4% 

and 6% over the 2005-2017 period, consistent with the fraction of 4.7% in low-income settings 

[158]. This implies a sensitivity of 94-96%, again roughly consistent with the published review 

of sensitivity estimates [158]. 

 

The rapid HIV testing algorithm is assumed to have 100% specificity. Although there is a small 

risk that some HIV-negative individuals have false-positive results on both their initial test and 

the confirmatory test, such instances are expected to be rare, and evaluations of the rapid testing 

algorithms in South Africa have consistently found specificities of 99.6-100.0% [159-161]. 

 

Self-testing is assumed to have the same sensitivity and specificity as rapid testing. Although 

there is concern that self-testing may be less sensitive than rapid testing, particularly when 

performed by unassisted individuals, a recent review found good agreement between unassisted 

self-testing and health worker-administered testing in most studies [162]. Individuals who 

obtain a positive result on self-testing are assumed to seek confirmatory testing at a health 

facility, and thus even if self-test specificity is poor, the ultimate impact is likely to be minimal 

because of the high specificity of the confirmatory rapid testing algorithm. 

 

2.5 Linkage to care after diagnosis 
 

Similar to the Thembisa model, MicroCOSM simulates ART initiation as occurring either 

immediately after HIV diagnosis (if the individual is eligible to receive ART) or after a delay. 

The probability of starting ART immediately after HIV diagnosis is assumed to depend on the 

setting in which diagnosis occurs. Table S2.8 summarizes the assumed proportions of patients 

starting ART immediately after diagnosis, post-2016. South African studies have found high 

rates of ART initiation in pregnant women soon after diagnosis [50], which is likely to be due 

in part to the integration of ART into antenatal care, and the imperative to reduce the mother-

to-child transmission risk by initiating ART as early in pregnancy as possible. High rates of 

ART initiation are also observed in patients with TB, presumably because patients who are 

attending health services regularly to receive TB treatment would find it easier to receive ART 

as well, and because health workers would urge them to start ART. However, rates of ART 

initiation in TB patients are somewhat lower than observed in pregnant women. Data from the 

most recent District Health Barometer indicate that 85% of TB patients with HIV were on ART 

[50], though this is likely to be an over-estimate of the rate of linkage to ART after TB 

diagnosis, given that the indicator includes patients who were already on ART prior to 

developing TB (Katherine Hildebrand, personal communication). In a Cape Town study, the 

fraction of TB patients diagnosed with HIV who received a CD4 count within 6 months after 

diagnosis was 16.5% lower than among pregnant women diagnosed with HIV [163]. In the 

same Cape Town study, rates of linkage were lowest in patients who were diagnosed through 

general VCT services. In a review of sub-Saharan African studies that examined linkages 

between HIV diagnostic services and ART services, half of studies included were from South 

Africa [164]. Restricting analysis to those studies conducted in South Africa, the median 

proportion of patients who received CD4 testing following HIV diagnosis was around 75% and 

the median proportion of those receiving CD4 testing who collected their test results was 

around 80%. Of those who were determined to be ART-eligible, the average proportion who 

started ART was around 67%. This suggests that of all individuals who are newly diagnosed 
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and ART-eligible, the proportion who actually start ART within a few months of diagnosis was 

only about 40% (0.75 × 0.80 × 0.67). Although it might be expected that a higher proportion 

would apply following the introduction of universal ART eligibility (since CD4 testing is no 

longer a requirement prior to ART initiation), the South African experience has suggested that 

the delay due to CD4 testing makes little difference to long-term ART enrolment [165], and 

we have therefore assumed conservatively that there has been no change in the 40% linkage 

rate among patients diagnosed through general VCT services. We have used the same 

assumption about the fraction of patients starting ART soon after diagnosis for other testing 

modalities for which data are lacking. In the case of partner notification and assisted partner 

notification, we assume that the probability of linkage (if the partner tests positive) is the same 

as for facility-based testing (i.e. 0.40). 

 

Table S2.8: Assumed proportions of patients initiating ART immediately after a diagnosis 

HIV testing modality Linkage Source 

Antenatal care 0.93 [50] 

TB and OI clinics 0.78 [50] 

General VCT 0.40 [164] 

STI clinics 0.40 [164] 

Prisons 0.40 [164] 

Men receiving MMC 0.40 [164] 

PrEP patients 0.40 [164] 

Family planning clinics 0.40 [164] 

MSM-friendly clinics 0.40 [164] 

Community-based/non-clinic settings   

   Home-based testing 0.27 Based on RR* of 0.68 [103, 166-168] 

   Mobile clinics 0.27 Based on RR* of 0.68 [103, 166-168] 

   Sex workers 0.27 Based on RR* of 0.68 [103, 166-168] 

   Workplaces 0.27 Based on RR* of 0.68 [103, 166-168] 

   Schools 0.27 Based on RR* of 0.68 [103, 166-168] 

Self-testing  0.27 Based on RR* of 0.68 [103, 166-168] 
* The relative rate (RR) is allowed to vary in the uncertainty analysis. 

 

Community-based models of HIV testing have lower rates of linkage to care when compared 

to other facility-based HIV testing approaches. For example, a recent study in rural Uganda 

found that individuals who were diagnosed positive at health facilities were much more likely 

to initiate ART (85%) than those diagnosed through home-based testing (56%) [103]. Other 

studies in Uganda found that only 13-26% of individuals diagnosed HIV-positive through 

home-based testing were actually evaluated for ART eligibility [169, 170], and a study of 

home-based HIV testing and mobile testing in Swaziland found that the fraction of newly-

diagnosed individuals who subsequently received a CD4 count was only 23% (rates were 

similar for the two testing groups) [100]. Another study in Swaziland found that the cumulative 

fraction linked to care within 6 months after diagnosis through home-based testing was only 

61% of that achieved in men diagnosed through MMC services [168]. A recent randomized 

trial in Zambian sex workers found that those who were diagnosed through self-testing were 

less likely to link to care than those who were diagnosed at clinics (RR 0.73) [151]. Another 

recent study of HIV-diagnosed sex workers in South Africa found that having been diagnosed 

through mobile services was associated with a significantly reduced probability of being on 

ART (aRR 0.71, 95% CI: 0.57-0.89) [166]. A low rate of linkage (32%) was also observed in 

a South African study of patients diagnosed through mobile clinics [171]. However, another 
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South Africa study found high rates of linkage to care following home-based testing, when 

HIV-positive individuals were followed up after diagnosis [172], and a recent trial in Lesotho 

found that high rates of linkage were possible when individuals were provided their first ART 

supply at home [173]. This suggests that the success of home-based testing in increasing ART 

initiation may be enhanced with additional modifications to the standard home-based testing 

model.  

 

In our model, we apply a relative rate adjustment to the 40% linkage assumption for facility-

based testing to obtain the linkage assumption for community-based testing. To represent the 

uncertainty around this relative rate, we assign a beta distribution with a mean of 0.68 and a 

standard deviation of 0.15. The mean of this distribution is the average of the relative rates of 

ART initiation in the Ugandan study (0.56/0.85 = 0.66), the Swazi study (0.61), the Zambian 

sex worker study (0.73) and the South African sex worker study (0.71). The 2.5 and 97.5 

percentiles of the distribution are 0.36 and 0.93 respectively, wide enough to reflect substantial 

uncertainty.  

 

The model also allows for the possibility that individuals who were previously diagnosed 

positive, and who did not start ART at the time of prior diagnosis, may start ART immediately 

after retesting. The probability of starting ART immediately after the retest is assumed to be 

the same as it would have been if they were being diagnosed for the first time, as a South 

African study found that previously-diagnosed individuals (who had not previously linked to 

care) had the same odds of linking to care after a retest as individuals who were newly 

diagnosed [174]. 

 

2.6 Cost model 
 

2.6.1 Structure  

 

We based the cost of HIV testing services on a cost model that was purpose-built for this 

analysis and integrated into MicroCOSM.  Additionally, we calculated the impact of increased 

testing on the cost of the HIV programme overall, including potential increases in ART uptake 

resulting from increased knowledge of HIV status (see section 2.6.2). 

 

The model combines different approaches to micro-costing, using bottom-up, ingredients-

based and top-down approaches when appropriate. Bottom-up costing refers to the calculation 

of resource use for each activity or ingredient, most often based on the resources used by an 

actual patient sample, multiplied by the unit price for this component. Ingredient costing refers 

to the calculation of cost based on a theoretical list of ingredients and their quantities used, 

again multiplied by the relevant unit prices. In top-down cost allocation, costs are calculated 

on a per test basis by dividing the total cost by the number of HIV tests conducted.  

 

All testing is assumed to follow a cascade or algorithm consisting of different steps, in keeping 

with the South African Department of Health’s testing cascade (Figure S2.3). This cascade 

includes, at the least, pre-test counselling, testing using rapid tests with or without confirmatory 

tests as appropriate, and post-test counselling. The test cascades in the model are divided into 

two groups, one for tests conducted in a facility, such as a primary healthcare clinic (PHC), and 

another for those conducted through a mobile modality. The cost for each step is calculated 

separately and then combined for a total cost per modality, allowing for patients to decline 



37 

 

proceeding at any stage while still including the costs incurred up to that point. The number of 

positive diagnoses found in each of the modalities is taken into account when calculating the 

number of patients which pass through each step. 

 

 
 

Figure S2.3: National HIV testing algorithm, based on National Department of Health: 

National HIV Testing Services: Policy 2016 

 

We summarised cost and resource use along the following cost categories: staff, consumable 

and equipment, overhead, demand creation and targeting costs. Targeting includes all activities 

that help the service provider identify members of a specific sub-population to be targeted for 

testing, such as social media adverts to alert men who have sex with men to specific testing 

opportunities, or contacting companies to arrange workplace testing events. Demand creation 

on the other hand includes all activities that alert the members of the general population to a 

testing opportunity, such as flyers, invitations, or community campaigns. 

 

Tests conducted in a facility use a bottom-up approach for the staff, consumable and equipment 

costs and a top-down approach for the overhead costs, demand creation and targeting. Staff 

costs are calculated based on the cost per minute of interaction, allowing for only a portion of 

a staff member’s day to be dedicated to testing. Consumables were costed based on the 

quantities used during the testing. Overhead costs were allocated as a proportion of the number 

of HIV tests per month to the total number of patients seen per month. Demand creation and 

targeting costs were divided across the total number of HIV tests.  
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Tests conducted through a mobile modality use a top-down approach for staff and equipment, 

because in a dedicated mobile testing service, staff time and equipment use is not split across 

other health activities. Overhead costs are also calculated through a top-down approach. 

Consumable costs are calculated from a bottom-up approach based on the activity.  

 

Resource use was calculated from the perspective of the provider, the public health system. All 

costs were updated to 2016-17 public-sector prices and salaries and converted to USD using 

the 07/2016 to 06/2017 period average of 1 USD = 13.58 ZAR [175]. Costs are presented 

unadjusted for inflation and undiscounted, in order to facilitate the use of total costs results for 

programme planning and budgeting. 

 

2.6.2 Calculations: Average and total testing cost and total programme cost 

 

Based on the testing cascades, the cost per positive test and the cost per negative test of each 

modality are calculated. The cost per positive test differs from that of a negative test in two 

aspects: the need for additional confirmatory rapid tests once the first rapid test is positive, and 

the longer post-test counselling. The average cost per test is then calculated as a weighted 

average of the two outcomes based on the number of positive tests out of all tests per modality 

as calculated by MicroCOSM. 

 

In order to evaluate each scenario’s impact on downstream costs in the HIV programme, we 

furthermore calculated the impact of the testing scenario on the total cost of the South African 

HIV programme, based on cost inputs for 16 different HIV prevention and treatment 

interventions included in the South African HIV Investment Case [6]. The number of people 

receiving each intervention was generated by MicroCOSM, which allowed us to maintain 

coherence between costs and epidemiological and programme parameters, such as increased 

testing uptake in specific sub-populations leading to higher uptake of treatment and prevention 

interventions, and prevention interventions decreasing prevalence and, thus, testing yield. 

 

2.6.3 Calculations: Cost effectiveness  

 

Each modality’s incremental cost effectiveness was calculated as two independent metrics: a) 

incremental cost per HIV infection averted, and b) incremental cost per life year saved. For a), 

the total cost was compared to the total number of HIV infections averted as calculated by 

MicroCOSM. For b), we calculated the total number of life years saved in the cohort relative 

to the West level 26 life table [176]. The cost effectiveness of each intervention scenario was 

then compared to the cost effectiveness of the base scenario to inform the incremental cost-

effectiveness ratios (ICERs).   

 

2.6.4 Cost inputs 

 

The cost of each testing modality was estimated based on a) our own cost analysis (facility-

based testing) in Themba Lethu Clinic (TLC) [177]; b) review of published cost estimates with 

relevance to South Africa [7-9]; and c) interviews with implementers of specific testing 

modalities (workplace and mobile testing, testing of MSM, FSW and in prisons). The cost of 

novel interventions such as self-testing was furthermore based on discussions with the HIV 

Testing Unit in the National Department of Health (NDOH). 
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Costs were specified per month. Each cost estimate was accompanied by an estimate of testing 

output, i.e. the number of tests done per month per testing unit (facility or mobile service) by a 

service set up with the same quantities of staff and other ingredients. For facility-based 

services, we also added information on the total number of visits (i.e. including those without 

an HIV test) in order to allocate overhead costs. Wherever possible, we used information on 

ingredients, cost and coverage from the same source that informed our estimates of testing 

uptake (Sections 2.2 and 2.3) or, failing that, a source representative of the same type of service.  

 

The exact ingredients, prices and quantities included in the cost of each testing modality is 

available in Annex 1. 

 

We made a number of adjustments to available cost estimates: 

1. When facility-based testing was assumed to occur during a visit for another reason, 

testing was deemed to be integrated with other services, and the time that staff spent on 

counselling was reduced by 10 minutes, based on the difference in staff time spent on 

HCT between our own analysis  of the cost of facility-based testing and an estimate of 

HCT testing integrated into family-planning services based on the study of Sweeney et 

al [178]. This applied to a number of baseline testing modalities (testing as part of STI, 

antenatal care services, testing as part of PrEP provision to female sex workers, testing 

as part of MMC, and testing of patients presenting with opportunistic infections).  

2. Assuming that population density in urban areas would be higher, resulting in more 

tests per day through home-based and mobile testing, we adjusted the number of tests 

done per month taken from Smith et al [8] based on a trial in rural KwaZulu-Natal, by 

a factor of 1.6, the ratio of the proportion of the population living outside a 2 km radius 

of a clinic between the Formal Urban and Formal Rural categories in the Statistics 

South Africa Living Conditions Report 2008/9 [179], for home-based and mobile 

testing in urban areas. 

 

Table S2.9 summarises the sources of and adjustments to cost and output data for each testing 

modality. 
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Table S2.9: Sources of cost and test output data for each HCT modality 
 

 
Source of service 

configuration 

Source of cost data Source of output data (number 

of tests per testing unit per 

month) 

1 General Themba Lethu Clinic 

(TLC) 

TLC  TLC 

2 Antenatal clinics TLC TLC1 TLC 

3 OI patients TLC TLC TLC 

4 Prisons [180] and personal communication, Claudine Hennessey, TB/HIV Care Association 

5 Partners of newly 

diagnosed 

TLC TLC TLC 

6 Men seeking MMC TLC; personal 

communication, Steven 

Forsythe, Avenir Health 

TLC1 TLC 

7 PrEP TLC TLC1 TLC 

8 STI patients TLC TLC1 TLC 

9 Family-planning clinics TLC TLC1 TLC 

10 Home-based HCT, urban [7]2 

11 Home-based HCT, rural [7] [7] [7] 

12 Mobile testing, urban [8]2 

 

13 Mobile testing, rural [8] [8] [8] 

14 MSM [122]; TLC + targeting costs based on personal 

communication, Helen Struthers/James McIntyre, Anova 

Health Institute 

Personal communication, 

Helen Struthers, Anova Health 

Institute 

15 FSW Personal communication, Joe Roussow, NACOSA, and Dianne Massawe, Sex Workers 

Education & Advocacy Taskforce/Red Umbrella programme 

16 Schools [181] [8] [8] 

17 Mobile + mobilisation [6] [8] + campaign costs from 

[6] 

[8]3 

18 Workplace [8]; personal communication, Dalene Blom/Jean Slabbert, Foundation for Professional 

Development 

19 Assisted partner 

notification 

[61] TLC + demand creation cost 

based on [9] 

TLC 

20 ANC partners [144] TLC + cost of invitation TLC 

21 Home-based testing + ST 

offer 

Personal communication, 

Thato Matshaba, NDOH 

Same as home-based HCT + 

cost of ST kits based on 

personal communication, 

Jorge Quevedo, Clinton 

Health Access Initiative 

South Africa 

[8] 

22 ANC partners + ST offer Personal communication, 

Thato Matshaba, NDOH 

Same as ANC partners + 

cost of ST kits based on 

personal communication, 

Jorge Quevedo, Clinton 

Health Access Initiative 

South Africa 

TLC 

1 Cost of TLC HCT adjusted for integration of services based on [178] 
2 Adjustments to outputs based on the ratio of the proportion of the population living outside a 2km radius of a 

clinic between the Formal Urban and Formal Rural categories in the StatsSA Living Conditions Report 2008/9 

[179] 
3 Adjustment to output based on difference in total tests between modalities 17 and 12/13 
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2.6.4.1 Cost of facility-based testing 

 

The cost of facility-based testing was based on a bottom-up costing exercise conducted in 2014 

at Themba Lethu HIV clinic (TLC) in central Johannesburg. TLC is a dedicated HIV treatment 

outpatient clinic based at Helen Joseph Hospital (HJH), a secondary hospital providing medical 

and surgical services to a large urban population. HJH has 12 inpatient medical wards with a 

total of 347 beds. TLC is one of the largest HCT and HIV/AIDS treatment clinics in the 

country, with currently more than 30,000 patients on ART.  

 

We gathered descriptive information about the HCT service and model at TLC HCT site 

through informal meetings with the HCT staff to determine procedures, clinic flow and 

standard operating practice.  This was confirmed by observation of the procedures on site. We 

defined the HCT costs to include all resource usage from the time of the patient first presenting 

for testing until the time the patient left the clinic with their confirmed HIV test result, including 

the pre-test information session, pre-test counselling, testing and post-test counselling. 

 

For the cost analysis, we collated the number of consumables and supplies used for HCT based 

on our observations. For the calculation of overhead cost, the total space allocated for HCT 

was measured, and overhead costs were allocated based on the ratio between HCT space and 

total clinic space. Resource usage was then translated into costs per patient tested by applying 

unit costs obtained from the site and their suppliers using standard costing methods. Price data 

for test kits, short-term equipment and other variable inputs were recorded from existing 

invoices, the public-sector laboratory price list and the national drug tender price list. Salary 

levels and other types of personnel costs for employees involved in HCT were collected from 

publicly available public service salaries and benefits information.  

 

Staff costs were calculated based on observed time per test by HIV status, for which we 

conducted a time-and-motion study to evaluate of the staff time required to provide the full 

HCT service from pre-test counselling to post-test counselling for a sample of 200 patients 

presenting for HCT between January and March 2014. HCT staff members completed time 

logs for each day with predefined fields and random study IDs for each patient interaction. At 

the beginning of the day, each staff member was given pre-printed logs which they kept with 

them for the entirety of the day, reporting the duration and nature of each patient interaction 

during the day. To determine what percentage of total salary cost should be attributed to 

activities relating to HCT, the average time per HCT session was used (see Table S2.10).  

 

Table S2.10: Results of time-and-motion study for facility-based HCT 
Number of patients  200 

Number of positive tests  65 

Number of negative tests  131 

Number of inconclusive tests  1 

Number with missing HIV status  3 

Tests conducted by nurses 12 

Tests conducted by counsellors  188 

Average time per positive test (minutes)  39.94 

Average time per negative test (minutes) 21.63 

Average time per test (minutes)  27.98 

 

Table S2.11 summarises the methods used in the cost analysis of facility-based HCT services. 
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Table S2.11: Methods used for estimating cost and resource use for facility-based HCT 
Type of cost  Method for estimating cost  

Variable costs (resources reported in subjects’ medical record)  

Diagnostics, supplies, other services reported in 

HCT register and/or medical record 

Actual costs to the site, based on the most recent 

invoices. 

Clinical staff time for HCT  Estimate amount of time required from each level of 

professional (doctor, nurse, counsellor, etc.) for 

standard types of HCT visit at the study site and 

value at average total compensation rate for each 

level at study site.  

Fixed costs (resources used for clinic operation, not allocated to individual subjects)  

Buildings, vehicles, equipment  Estimate total cost from market prices. Take 

proportion of depreciation plus maintenance and 

operating costs using standard step-down costing 

approach. Divide by total number of HCT performed 

to estimate a cost per HCT.  

Management and administration costs, including 

staff not providing direct patient care to individual 

subjects 

Estimate salaries and other personnel and non-

personnel costs of non-clinical staff (e.g. data clerks, 

cleaners, managers, etc.) and allocate per HCT as 

described above.  

 

2.6.4.2 Cost of mobile and home-based testing modalities 

 

The cost of mobile and home-based testing was based on two recent economic evaluations of 

these modalities in South Africa [7, 8]. In each case we used the operational scenario 

constructed by the authors of these papers (i.e. scenarios that mimic the routine implementation 

of the intervention evaluated in a clinical trial, in order to correct for trial-induced resource use 

such as higher staff numbers and research infrastructure), and updated the cost of inputs such 

as test kits, mobile vans and salaries to 2016. For mobile testing, we assumed that 100% of 

staff time would be spent either in transport (including walking to households from a centrally 

parked van in the home-based testing modality) or in counselling and testing activities. For 

home-base testing, we assumed that only 12% of staff time was spent in counselling and testing 

activities, in keeping with both the operational scenario of the underlying paper [7] which 

assumed testing through ward-based outreach teams and with current plans by the Department 

of Health that favour a model of a mobile “PHC on wheels” that allows healthcare workers to 

offer a range of PHC services alongside HCT services at the community level. 

 

We assumed a higher number of tests by the same team in an urban as compared to a rural 

setting, based on personal communication with Dalene Blom from the Foundation for 

Professional Development, a large-scale implementer of mobile testing in South Africa (see 

Table S2.9). 

 

2.6.4.3 Cost of mobile testing modalities targeted to key populations 

 

Both MSM and FSW testing were designed as mobile testing activities, in keeping with 

operational data from agencies currently implementing these services.  

 

For both the MSM and FSW testing modalities we included the cost of targeting testing to these 

key populations as well as demand creation. In the case of MSM testing, this targeting includes 

identification of gatekeepers, and staff and consumables costs for outreach teams, support 

groups, and information and testing events. Since MSM are targeted for other services, not just 
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HCT, we allocated between 17% and 100% of the total cost of these activities to the testing 

intervention based on personal communication with Albert Manyuchi from Anova Health 

Institute.  

 

For FSW testing, we included stipends, travel costs and overheads for peer motivators and 

project coordinators and the cost of risk reduction workshops. 

 

2.6.4.4 Cost of partner testing modalities  

 

Our analysis includes three different partner testing strategies.  

a) Our baseline includes the testing of partners of recently tested individuals. For this, we used 

the cost of a standard facility-based test, as no additional resources were assumed to be required 

for the partner to come forward for testing.  

Under the new testing modalities we included two partner notification strategies: 

b) Unassisted notification of the partners of pregnant women presenting at the ANC. For this, 

we added the cost of an invitation letter to be handed by the ANC patient to her partner.  

c) Assisted notification of the partners of all newly-diagnosed HIV individuals (index cases). 

We based the cost of this modality on an economic evaluation [9] of a trial that informed our 

uptake and efficacy assumptions [61]. We assumed that 50% of index cases would opt for 

contract tracing, in which they would be given a defined time period for their partner to present 

to the clinic for testing, after which we assumed 45% would be traced by a healthcare workers. 

The remaining 50% would opt to hand their partner an invitation letter similar to that in b). 

 

2.6.4.5 Cost of community demand creation campaigns  

 

For this modality, we assumed the addition of a demand creation campaign to the mobile testing 

modality, based the cost of the mobile testing in a rural setting. The campaign costs were based 

on available data from the South African government’s 2016 application to the Global Fund to 

Fight AIDS, Malaria and Tuberculosis, as reviewed elsewhere [6], and included event and 

catering costs. We added the cost of covering an entire community with the campaign, though 

we assumed (for the purpose of calculating the demand creation cost per person tested) that 

only 60% of people targeted by the campaign come forward for testing, based on data from 

ANOVA Health Institute. 

 

2.6.4.6 Cost of self-testing 

 

For self-testing we assumed that two populations would access oral self-tests at the target price 

of $2.40. This price was based on communication with Jorge Quevedo, CHAI South Africa, 

and Thato Matshaba, NDOH, and is part of the introduction price list in a tiered pricing 

structure, so is likely to be reduced further depending on future volumes. We included the cost 

of a demonstration of the steps involved in self-testing by testing staff, assuming an average of 

7 minutes of health worker time for demonstration, per test kit distributed. We also included 

the cost of confirmatory testing at a facility for those with a positive self-test result, but in 

keeping with the assumptions in MicroCOSM, we assumed that only 27% of people with a 

positive self-test would present for confirmatory testing at a facility (Section 2.5). We did not 

include the costs of telephone calls to respond to user questions, or calls to follow up 

individuals who received test kits through secondary distribution. 
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3. Additional results 
 

3.1 HIV testing and diagnosis up to 2016 
 

Figure S3.1 shows the model estimates of the fraction of the HIV-positive adult population that 

is diagnosed, and compares these with the results from Thembisa, which has previously been 

fitted to South African HIV testing data [31]. The two models are roughly consistent, although 

the Thembisa model produces slightly higher levels of HIV diagnosis in the most recent years. 

This is probably because MicroCOSM simulates more realistically the heterogeneity in HIV 

testing rates (for example, the relatively low rates of HIV testing in less educated individuals) 

and hence the challenges in getting HIV testing services to “hard-to-reach” groups. In addition, 

the Thembisa model estimates a steeper decline in HIV incidence in recent years than 

MicroCOSM, and since the undiagnosed fraction is strongly dependent on recent HIV 

incidence, a higher diagnosed fraction would be expected when using the Thembisa model. 

 

 
 

Figure S3.1: Fraction of HIV-positive adults who have been diagnosed positive 

 

Figure S3.2 shows the age and sex differences in the fraction of the HIV-positive adult 

population that is diagnosed. In the early stages of the HIV epidemic, levels of HIV diagnosis 

were highest in young HIV-positive adults (aged <50) because of relatively low rates of HIV 

testing at older ages. However, over time, levels of HIV diagnosis in older adults have increased 

sharply as a result of the long-term survival of adults on ART. Although levels of HIV 

diagnosis in HIV-positive youth have also increased, they have not increased as steeply, 

because a high proportion of incident HIV infections occur among youth, and recently-acquired 

HIV infections are less likely to have been diagnosed than infections of longer duration. Levels 

of HIV diagnosis are also substantially lower among men than among women, in part because 

men are not tested through antenatal services, and in part because lower rates of HIV testing 

are assumed for men through the ‘general’ HIV testing modality. 
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Figure S3.2: Fraction of HIV-positive adults who have been diagnosed positive 

 

Figure S3.3 shows the proportions of individuals tested through each modality and the 

proportions newly diagnosed through each testing modality, over the period from mid-2010 to 

mid-2015. The ‘general’ HIV testing modality is estimated to have accounted for the majority 

of HIV tests and close to half of all new HIV-positive diagnoses. Patients with symptoms of 

HIV-related illness are estimated to have accounted for only 9.8% of all HIV tests, but comprise 

32.5% of all new HIV diagnoses.  

 

 
 

Figure S3.3: Breakdown of total tests and total new diagnoses by testing modality (2010-2015) 
ANC = antenatal clinic, MMC = medical male circumcision, OI = opportunistic infections, STI = sexually 

transmitted infection patients. 

 

These results can also be expressed in terms of the yield on HIV testing, shown in Table S3.1. 

HIV testing yields were highest in patients with OI symptoms and in partners of newly 

diagnosed individuals who sought testing as a result of their partner disclosing their HIV status 

to them. Yields in STI patients are similar to those in general HIV testing services. However, 

yields on HIV testing in antenatal clinics are lower than in general HIV testing because there 

is a high rate of repeat testing during pregnancy (i.e. women who test negative at their first 

antenatal visit are usually counselled to test again later in pregnancy). Yields are lowest in men 

seeking MMC, because most men who seek MMC are relatively young (close to 40% of all 
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MMC operations occur in the 10-14 age group [88]) and levels of HIV prevalence are relatively 

low in these young men. Yields are also relatively low for HIV testing in prisons, for the same 

reason; more than 40% of prisoners are aged 25 or younger [75, 182, 183], and this is a group 

with a relatively low HIV prevalence.  

 

Table S3.1: HIV testing yields (new diagnoses per 100 tests) for different HIV testing 

modalities (2010-2015) 

Modality Yield (95% CI) 

General 3.92 (3.89-3.95) 

Antenatal clinics 3.19 (3.15-3.22) 

STI patients 4.03 (3.98-4.07) 

Prisons 3.12 (3.03-3.21) 

Partners  17.37 (17.17-17.57) 

Men seeking MMC 2.02 (1.98-2.06) 

OI patients 18.62 (18.52-18.73) 

Total 5.66 (5.62-5.70) 

 

3.2 Future trends in HIV test uptake and diagnosis 
 

Figure S3.4 shows the model projections of the fraction of HIV-positive adults who are 

expected to remain undiagnosed in 2030, under various HIV testing scenarios. In the absence 

of any change in policy, the undiagnosed fraction is expected to decline to 6.3% in 2030 (7.7% 

in HIV-positive men). Home-based testing is the strategy that is expected to have the greatest 

impact in terms of reducing the undiagnosed fraction, and its impact is expected to be enhanced 

if self-testing is offered in the context of home-based testing (3.5% undiagnosed in 2030, 

compared to 3.9% in the absence of a self-testing option). Mobile testing also has the potential 

to reduce the undiagnosed fraction substantially (to 5.7% in the absence of community 

mobilization, and to 5.3% when coupled with community mobilization). The promotion of HIV 

testing in family planning services could also substantially reduce the overall fraction 

undiagnosed (to 5.6%), although it would have little impact on the rate of HIV diagnosis in 

men. Workplace HIV testing and secondary distribution of self-testing kits to partners of 

pregnant women are expected to reduce the fraction of HIV-positive men who are undiagnosed, 

to 7.4% and 7.5% respectively (Figure S3.4b), but have relatively little impact on overall levels 

of HIV diagnosis. For all the other new HIV testing strategies considered, the projected impact 

on the fraction undiagnosed is expected to be relatively modest when compared to the fraction 

undiagnosed in the base scenario. 
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Figure S3.4: Fraction of HIV-positive adults who remain undiagnosed in 2030, under different 

testing scenarios 

 

Figure S3.5 shows the projected changes in the fraction diagnosed in key populations, with and 

without special testing interventions targeted to these key populations. The fraction of sex 

workers who are diagnosed is expected to increase only slightly in the scenario in which 

dedicated mobile outreach is introduced for sex workers, because there is a high rate of sex 

worker ‘turnover’, i.e. women who are diagnosed through the intervention are likely to leave 

the sex worker population soon after diagnosis. In the absence of intervention, the level of HIV 

diagnosis is unlikely to increase much above 80%, as this is a relatively young population in 

which there is a high rate of HIV incidence, and the high HIV incidence rate implies that a 

relatively low fraction of HIV cases will be diagnosed. The fraction of HIV-positive MSM who 

are diagnosed is expected to increase substantially if the MSM-targeted intervention is 

introduced, although probably not enough to reach the 95% target by 2030. MSM have a 

younger age profile than men in the general population, and this explains why rates of HIV 

diagnosis are lower among MSM than among men in the general population. 

 

 
 

Figure S3.5: Projected future levels of HIV diagnosis in HIV-positive sex workers and MSM 
Solid black line represents projections in the absence of any change to current HIV testing policy. Blue line 

represents projections under the assumption of testing targeted to key populations. Dashed lines represent the 90% 

target set by UNAIDS. 
 

Figure S3.6 shows the model estimates of the numbers of HIV infections averted in each 

intervention scenario, over the period from mid-2019 to mid-2039. The testing strategies that 

have the greatest impact on levels of HIV diagnosis (Figure S3.4) are also the testing strategies 

that are expected to have the greatest impact on HIV incidence: reductions in new HIV 
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infections are expected to be greatest in the context of home-based HIV testing, mobile testing 

and testing in family planning clinics. However, the confidence intervals around these 

estimates are wide, and it is not possible to conclude that antenatal testing of partners would 

reduce HIV incidence significantly. 

 

 
 

Figure S3.6: Number of HIV infections averted (relative to base intervention scenario), over 

2019-2039 period, by HIV testing strategy 

 

A similar ranking of interventions is obtained when considering life years saved as a result of 

HIV testing (Figure S3.7). Home-based testing, mobile testing and testing in family planning 

clinics are again the strategies that have the greatest impact, followed by workplace testing and 

school-based testing.  

 

 
 

Figure S3.7: Number of life years saved (relative to base intervention scenario), over 2019-

2039 period, by HIV testing strategy 
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3.3 Average and total cost, number of tests and additional diagnoses  
 

The cost per item included in the cost of each testing modality is available in Annex 1.  

 

The cost per test is higher for positive than for negative test results across all modalities due to 

the need for additional confirmatory tests and the longer post-test counselling (20 minutes 

instead of 5 minutes) (Table S3.2). Importantly, the costs of most mobile testing modalities are 

very close to those of facility-based testing modalities, with the exception of mobile testing 

with community mobilisation. Self-testing has the lowest average cost ($3.08 per test in the 

case of home-based testing and $3.14 in the case of secondary distribution of self-tests to 

partners of pregnanct women), as the cost of the test kit is more than offset by the saving in 

health worker time if the test result is negative (based on our crude cost analysis, excluding the 

cost of self-test distribution and demonstration). After self-testing, workplace testing is the next 

cheapest modality, with an average per test cost of $3.64, followed by testing in individuals 

receiving PrEP and testing in family planning clinics (at $3.97) and testing in men who seek 

MMC (at $3.99). Mobile testing with a community mobilisation campaign is the most 

expensive with a cost of $17.46. Partner notification strategies tend to be more expensive, per 

test performed. 

 

Table S3.2: Average cost by HIV status and modality [2016-17 USD] 

  

Average cost for a 

positive test 

Average cost for a 

negative test 

Average cost 

across all tests 

Baseline modalities    
Partners of newly diagnosed 6.59 4.73 4.86 

Antenatal clinics 5.94 3.97 4.04 

OI patients 5.93 3.93 4.40 

Men seeking MMC 5.91 3.94 3.99 

PrEP 5.92 3.94 3.97 

General 6.42 4.57 4.64 

STI patients 5.92 3.94 4.09 

Prisons 7.50 5.10 5.18 

New modalities    
Home-based HCT, urban 4.74 4.17 4.21 

Home-based HCT, rural 6.15 5.59 5.62 

Mobile testing, urban 5.69 4.16 4.26 

Mobile testing, rural 7.63 6.10 6.20 

MSM 4.64 4.68 4.67 

FSW 6.17 4.64 4.92 

Family planning 5.99 3.72 3.97 

Assisted partner notification 8.65 6.81 6.95 

Schools 7.63 7.07 7.08 

Workplace 4.15 3.60 3.64 

Home-based testing + ST offer 9.27 2.68 3.08 

ANC partners 6.91 5.13 5.18 

ANC partners + ST offer 9.25 2.94 3.14 

Mobile  + mobilization 17.98 17.43 17.46 
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Starting from an average number of 13.7 million HIV tests per year across the baseline 

modalities, and based on the uptake and yield results presented in Section 3.2, home-based 

testing adds the highest number of tests to the HIV programme - about 16 million tests per year 

(Table S3.3), with 70% of these tests performed in urban areas1. Pairing home-based testing 

with an offer of a self-test increases this number to 21 million tests and results in the highest 

number of additional tests across all modalities. Mobile testing leads to about 2.5 million 

additional tests across settings, with about 60% of tests performed in urban areas; this number 

can be doubled with an additional mobilisation campaign. The lowest number of additional 

tests is yielded by testing FSW and assisted partner notification. 

 

In terms of the number of newly diagnosed HIV positive people, over 20 years all modalities 

lead to reductions in HIV incidence, and these reductions in incidence mean that fewer 

individuals can be diagnosed, with the result that there is a reduction in new diagnoses in some 

scenarios – and in most scenarios the change in new diagnoses is not significantly different 

from zero (Table S3.3). The reduction in incidence is due to the combined effect of increased 

condom use after HIV diagnosis and earlier enrolment in care of HIV-positive clients (i.e. 

reduced risk of HIV transmission after individuals start ART). This meant that it was not 

possible to calculate an incremental cost-effectiveness ratio based on incremental cost per 

additional person found HIV positive, a common metric in economic analyses of HCT 

interventions. However, over the short term, almost all interventions are expected to lead to 

increases in new diagnoses. Examples are shown in Figure S3.8 for the home-based testing 

(with self-test offer) and family planning clinic testing scenarios. 

 

                                                           
1 Note that we present the results for home-based testing and for mobile testing by locale (urban 

vs. rural) but also as a combined scenario which is separate from the urban and rural scenarios, 

so the numbers in the urban and rural scenarios do not add up to the combined scenario. 
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Table S3.3:  Incremental number of tests and number of people found HIV positive by 

modality 

  Incremental tests 

Incremental number of people found 

HIV positive 

  Median Lower CI Upper CI Median Lower CI Upper CI 

A. Average per year       

 Total baseline 13 678 400 13 646 344 13 710 456 292 455 289 492 295 417 

New modalities (incremental to baseline) 

Home-based HCT, urban 11 201 238 11 092 050 11 310 426 3 836 2 772 4 899 

Home-based HCT, rural 4 767 210 4 720 829 4 813 591 1 196 80 2 312 

Home-based HCT (combined) 15 951 888 15 797 802 16 105 974 5 772 4 693 6 850 

Mobile testing, urban 1 753 473 1 698 921 1 808 025 645 -397 1 688 

Mobile testing, rural 739 628 715 748 763 508 496 -568 1 560 

Mobile testing (combined) 2 495 605 2 418 188 2 573 022 1 562 529 2 594 

MSM 124 241 115 575 132 906 -447 -1 513 619 

FSW 66 079 58 751 73 407 -1 103 -2 231 25 

Family planning 2 279 135 2 233 090 2 325 180 389 -663 1 442 

Assisted partner notification 38 771 33 668 43 874 484 -434 1 403 

Schools 2 918 260 2 869 236 2 967 284 -752 -1 874 369 

Workplace 1 004 650 949 901 1 059 399 829 -280 1 938 

Home-based testing + ST offer 21 464 300 21 376 171 21 552 429 5 166 4 039 6 292 

ANC partners 161 487 153 193 169 781 -52 -1 106 1 001 

ANC partners + ST offer 482 438 472 121 492 755 -31 -1 159 1 097 

Mobile + mobilization 4 949 550 4 797 385 5 101 715 2 536 1 444 3 628 

B. Over 20 years       

 Total baseline 273 568 000 272 926 882 274 209 118 5 849 090 5 789 841 5 908 339 

New modalities (incremental to baseline) 

Home-based HCT, urban 224 024 760 221 841 006 226 208 514 76 712 55 450 97 975 

Home-based HCT, rural 95 344 200 94 416 589 96 271 811 23 922 1 597 46 247 

Home-based HCT (combined) 319 037 760 315 956 032 322 119 488 115 435 93 866 137 005 

Mobile testing, urban 35 069 460 33 978 418 36 160 502 12 907 -7 950 33 763 

Mobile testing, rural 14 792 560 14 314 957 15 270 163 9 916 -11 360 31 191 

Mobile testing (combined) 49 912 100 48 363 753 51 460 447 31 233 10 577 51 888 

MSM 2 484 810 2 311 497 2 658 123 -8 949 -30 267 12 370 

FSW 1 321 580 1 175 010 1 468 150 -22 062 -44 615 492 

Family planning 45 582 700 44 661 808 46 503 592 7 783 -13 265 28 831 

Assisted partner notification 775 423 673 364 877 482 9 687 -8 681 28 056 

Schools 58 365 200 57 384 714 59 345 686 -15 048 -37 482 7 385 

Workplace 20 093 000 18 998 011 21 187 989 16 580 -5 593 38 753 

Home-based testing + ST offer 429 286 000 427 523 417 431 048 583 103 316 80 782 125 850 

ANC partners 3 229 740 3 063 865 3 395 615 -1 048 -22 118 20 023 

ANC partners + ST offer 9 648 760 9 442 417 9 855 103 -626 -23 182 21 930 

Mobile + mobilization 98 991 000 95 947 708 102 034 292 50 722 28 876 72 567 
Uncertainty intervals reflect the standard errors around the outputs of interest, calculated from the 500 scenarios. 
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Figure S3.8: Annual new diagnoses in three scenarios 

 

In our base case scenario, the baseline testing modalities cost about $64 million per year on 

average over the next twenty years (Table S3.4). Each of the new testing modalities will add 

between $307 000 (FSW testing) and $85 million (mobile testing with community 

mobilization) per year to this cost, based on the uptake and average cost assumptions of each 

modality.  
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Table S3.4: Total and incremental testing cost by modality [2016-17 USD]  
  Total cost Incremental cost 

  Base case Lower CI Upper CI Base case Lower CI Upper CI 

A. Average per year       

 Total baseline 63 981 326 63 827 368 64 122 320    

New modalities       

Home-based HCT, urban 111 078 532 110 563 155 111 593 909 47 097 790 46 664 966 47 558 773 

Home-based HCT, rural 90 632 744 90 329 220 90 985 890 26 649 402 26 423 699 26 945 152 

Home-based HCT (combined) 137 694 418 137 055 549 138 333 286 73 713 676 72 934 231 74 442 667 

Mobile testing, urban 71 438 910 71 107 451 71 770 369 7 458 169 7 229 333 7 692 983 

Mobile testing, rural 68 634 413 68 519 595 68 748 193 4 651 051 4 573 123 4 722 012 

Mobile testing (combined) 75 965 674 75 613 212 76 318 136 11 984 933 11 608 766 12 376 791 

MSM 64 542 710 64 472 194 64 621 945 561 616 543 114 580 573 

FSW 64 287 151 64 216 744 64 365 473 306 709 288 486 324 707 

Family planning 72 998 821 72 757 873 73 238 574 9 018 321 8 829 358 9 212 020 

Assisted partner notification 64 774 575 64 699 500 64 841 425 792 884 781 349 805 992 

Schools 84 153 308 83 785 745 84 562 965 20 163 320 19 847 564 20 513 556 

Workplace 67 800 992 67 679 515 67 921 845 3 822 234 3 724 630 3 916 518 

Home-based testing + ST offer 130 156 057 129 513 943 130 767 256 66 177 137 65 580 110 66 744 761 

ANC partners 64 828 569 64 751 487 64 901 326 846 416 826 708 866 433 

ANC partners + ST offer 65 493 824 65 422 918 65 560 150 1 512 016 1 495 631 1 529 568 

Mobile + mobilization 148 694 736 146 145 223 151 185 651 84 719 751 82 209 790 87 177 379 

B. Over 20 years       

 Total baseline 1 279 626 518 1 276 547 359 1 282 446 396    

New modalities       

Home-based HCT, urban 2 221 570 633 2 231 878 174 2 211 263 091 941 955 808 933 299 311 951 175 453 

Home-based HCT, rural 1 812 654 886 1 806 584 406 1 819 717 796 532 988 038 528 473 976 538 903 041 

Home-based HCT (combined) 2 753 888 354 2 741 110 989 2 766 665 719 1 474 273 529 1 458 684 629 1 488 853 337 

Mobile testing, urban 1 428 778 203 1 422 149 023 1 435 407 383 149 163 378 144 586 668 153 859 656 

Mobile testing, rural 1 372 688 260 1 370 391 893 1 374 963 851 93 021 016 91 462 458 94 440 232 

Mobile testing (combined) 1 519 313 486 1 512 264 244 1 526 362 727 239 698 661 232 175 324 247 535 820 

MSM 1 290 854 198 1 289 443 878 1 292 438 899 11 232 316 10 862 273 11 611 460 

FSW 1 285 743 017 1 284 334 884 1 287 309 457 6 134 187 5 769 710 6 494 131 

Family planning 1 459 976 430 1 455 157 458 1 464 771 485 180 366 423 176 587 156 184 240 400 

Assisted partner notification 1 295 491 507 1 293 989 997 1 296 828 510 15 857 671 15 626 973 16 119 838 

Schools 1 683 066 163 1 675 714 896 1 691 259 298 403 266 408 396 951 289 410 271 125 

Workplace 1 356 019 830 1 353 590 310 1 358 436 909 76 444 687 74 492 597 78 330 365 

Home-based testing + ST offer 2 603 121 148 2 590 278 853 2 615 345 119 1 323 542 734 1 311 602 199 1 334 895 211 

ANC partners 1 296 571 370 1 295 029 742 1 298 026 527 16 928 326 16 534 169 17 328 655 

ANC partners + ST offer 1 309 876 487 1 308 458 350 1 311 203 001 30 240 313 29 912 611 30 591 368 

Mobile + mobilization 2 973 894 718 2 922 904 466 3 023 713 022 1 694 395 012 1 644 195 807 1 743 547 576 

Uncertainty intervals reflect the standard errors around the outputs of interest, calculated from the 500 scenarios. 
 

Table S3.4 only reports the cost of the testing modality itself. Additionally we evaluated the 

impact of each testing modality on the cost of the entire government HIV programme, based 

on cost and uptake data from the South African HIV Investment Case [6] (Table S3.5). In most 

scenarios, total costs are expected to increase significantly, reflecting both the increased HIV 

testing costs and the resulting increase in the number of individuals on ART. However, in some 
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scenarios (for example, testing partners of women attending antenatal clinics), the increase in 

total HIV costs is less than the increase in testing costs, suggesting a saving in treatment costs 

due to averted HIV infections, and in some scenarios (testing in FSWs and assisted partner 

notification) there may even be a reduction in total HIV costs due to the resulting ART cost 

savings completely offsetting the HIV testing costs. However, the confidence intervals around 

the cost savings in the latter scenarios are wide enough to include zero. 

 

Table S3.5: Total and incremental HIV programme cost by modality [2016-17 USD] 
  Total cost of HIV 

programme 

Incremental cost of 

HIV programme 

% change in incremental 

programme cost 

(median, 95% CI)   

Total baseline 37 668 700 000  
 

New modalities    

Home-based HCT, urban 38 946 144 888 1 277 444 888 3.39% (3.27-3.51%) 

Home-based HCT, rural 38 318 583 909 658 925 596 1.75% (1.63-1.86%) 

Home-based HCT (combined) 39 638 442 989 1 969 742 989 5.23% (5.11-5.36%) 

Mobile testing, urban 37 873 108 217 204 408 217 0.54% (0.44-0.65%) 

Mobile testing, rural 37 769 899 269 105 989 223 0.28% (0.23-0.34%) 

Mobile testing (combined) 37 981 620 854 312 920 854 0.83% (0.72-0.93%) 

MSM 37 663 110 750 2 156 105 0.01% (-0.05-0.06%) 

FSW 37 656 571 781 -12 128 219 -0.03% (-0.08-0.02%) 

Family planning 38 054 524 228 383 234 510 1.02% (0.92-1.13%) 

Assisted partner notification 37 658 972 240 -12 971 297 -0.03% (-0.08-0.02%) 

Schools 38 063 993 262 393 779 208 1.05% (0.94-1.16%) 

Workplace 37 779 400 853 113 202 300 0.3% (0.24-0.35%) 

Home-based testing + ST offer 39 572 851 191 1 905 909 328 5.06% (4.94-5.19%) 

ANC partners 37 674 502 950 8 036 277 0.02% (-0.03-0.07%) 

ANC partners + ST offer 37 697 033 967 29 382 161 0.08% (0.02-0.13%) 

Mobile + mobilization 39 532 264 289 1 859 220 089 4.94% (4.75-5.12%) 

Uncertainty intervals reflect the standard errors around the outputs of interest, calculated from the 500 scenarios. 
 

3.4 Effectiveness  
 

Starting from a total of about 5.5 million new HIV infections over 20 years, all modalities are 

expected to reduce the number of new infections, by between 8600 (0.16%, testing of ANC 

partners) and 268 000 (4.8%, home-based testing with an offer of self-testing) (Table S3.6 and 

Figure S3.6). The range around this impact straddles zero in the case of testing ANC partners, 

suggesting that the change over baseline might not be significant. 
 

At baseline we project that a total of 68 million life years will be lost to HIV over 20 years in 

South Africa (Table S3.6). All modalities reduce this number, although the increase is not 

significantly different from zero in the antenatal partner testing scenario.  
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Table S3.6: Infections averted and life years saved by modality 
  New HIV infections  Life years lost 

  Median Lower CI Upper CI Median Lower CI Upper CI 

Total baseline 5 531 610  5 473 463  5 589 757  67 591 000  67 117 840  68 064 160  

  Infections averted Life years saved 

  Median Lower CI Upper CI Median Lower CI Upper CI 

New modalities       

Home-based HCT, urban 147 912  128 105  164 132  2 691 009  2 579 361  2 793 876  

Home-based HCT, rural 57 320  38 086  75 160  1 143 671  1 032 632  1 258 601  

Home-based HCT (combined) 198 398  179 966  215 632  3 826 446  3 690 054  3 960 093  

Mobile testing, urban 37 563  17 485  53 802  548 919  442 557  658 698  

Mobile testing, rural 10 419  868  18 778  194 132  143 575  250 190  

Mobile testing (combined) 43 903  25 203  59 265  842 441  732 180  942 946  

MSM 13 120  3 787  22 060  111 187  61 637  162 180  

FSW 21 120  12 394  31 058  54 816  5 971  107 368  

Family planning 73 702  57 033  89 040  1 304 086  1 198 681  1 405 131  

Assisted partner notification 12 410  4 758  21 426  123 329  74 882  168 492  

Schools 36 457  18 121  55 586  254 166  157 973  347 935  

Workplace 16 948  7 873  26 426  395 833  340 267  448 935  

Home-based testing + ST offer 267 701  248 564  288 318  4 829 368  4 695 784  4 975 000  

ANC partners 8 582  -935  17 242  20 490  -29 643  72 172  

ANC partners + ST offer 21 681  12 456  30 508  230 738  178 349  278 945  

Mobile + mobilization 87 224  68 614  106 023  1 532 343  1 415 755  1 653 551  

Uncertainty intervals reflect the standard errors around the outputs of interest, calculated from the 500 scenarios.  
 

3.5 Cost effectiveness 
 

Following standard methodology, only modalities with a positive impact on HIV infections 

averted and/or life years saved were included in the cost-effectiveness analysis. We have 

excluded the antenatal partner testing scenario from this comparison, as the non-significant 

savings in life years and HIV infections renders incremental cost-effectiveness ratios (ICERs) 

difficult to interpret. 

 

When comparing testing cost only with each modality’s impact on averting HIV infections, 

FSW testing appears to be the most cost-effective intervention, followed by MSM testing and 

assisted partner notification (Table S3.7). The least cost-effective modalities are mobile testing 

when coupled with community mobilization, school testing and home-based testing campaigns 

in rural areas. Similar rankings apply when considering HCT costs per life year saved, although 

the least cost effective is school testing (likely due to the fact that youth who acquire HIV have 

relatively low mortality rates). However, the ranges around the ICERs are overlapping in many 

cases, making the selection of the “best buys” difficult. 
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Table S3.7: Incremental cost effectiveness by modality (testing cost only) [2016-17 USD] 

  Incremental cost per infection averted 

Incremental cost per life year 

saved 

  Median Lower CI Upper CI Median Lower CI Upper CI 

New modalities    
   

Home-based HCT, urban 6 372 5 734 7 300 350 337 365 

Home-based HCT, rural 9 308 7 079 13 970 466 424 518 

Home-based HCT (combined) 7 415 6 846 8 139 385 373 398 

Mobile testing, urban 3 971 2 787 8 559 271 229 335 

Mobile testing, rural 8 840 4 472 40 885 478 372 648 

Mobile testing (combined) 5 467 4 054 9 452 285 253 322 

MSM 851 500 2 542 101 69 183 

FSW 290 199 484 109 55 504 

Family planning 2 450 2 010 3 180 138 128 150 

Assisted partner notification 1 276 738 3 327 128 94 211 

Schools 11 005 7 286 22 152 1 588 1 161 2 547 

Workplace 4 509 2 897 9 661 193 170 223 

Home-based testing + ST offer 4 942 4 618 5 296 274 267 282 

ANC partners + ST offer 1 398 988 2 425 131 109 169 

Mobile + mobilization 19 393 15 999 24 983 1 105 1 029 1 195 

Uncertainty intervals reflect the standard errors around the outputs of interest, calculated from the 500 scenarios. 

 

Table S3.8 shows the cost-effectiveness when considering HIV testing costs combined with 

other HIV programme costs. Some of the testing modalities (particularly FSW testing and 

assisted partner notification) are predicted to be cost-saving, with the result that ICERs are 

negative. Other relatively cost-effective testing strategies including testing in MSM, testing in 

family planning clinics, secondary distribution of self-testing kits to partners of pregnant 

women, and workplace testing. The least cost-effective strategies are mobile testing when 

coupled with community mobilization, testing in schools and home-based testing campaigns 

in rural areas. Mobile testing with community mobilization and school testing both have 

estimated costs per life year saved of more than the $547-872 threshold identified as fundable 

within current HIV budget constraints in South Africa [184]. As before, however, confidence 

intervals around the model estimates are wide, making it difficult to state with confidence 

which testing strategies represent the best value for money. 
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Table S3.8: Incremental cost effectiveness by modality (total costs) [2016-17 USD] 

  Incremental cost per infection averted 

Incremental cost per life year 

saved 

  Median Lower CI Upper CI Median Lower CI Upper CI 

New modalities    
   

Home-based HCT, urban 8 639 7 574 10 177 474 447 508 

Home-based HCT, rural 11 480 8 351 17 856 577 492 672 

Home-based HCT (combined) 9 926 9 038 11 022 515 491 540 

Mobile testing, urban 5 378 3 252 13 957 370 261 537 

Mobile testing, rural 10 031 4 236 53 900 549 357 848 

Mobile testing (combined) 7 161 4 641 13 239 373 294 470 

MSM 160 -1 139 3 493 20 -125 320 

FSW -562 -1 259 584 -233 -785 466 

Family planning 5 217 3 876 7 199 294 251 350 

Assisted partner notification -1 046 -2 332 1 219 -105 -226 95 

Schools 10 674 6 502 22 781 1 549 1 037 2 686 

Workplace 6 668 3 625 15 820 283 203 378 

Home-based testing + ST offer 7 118 6 512 7 766 394 379 410 

ANC partners + ST offer 1 368 314 3 816 130 34 263 

Mobile + mobilization 21 285 17 280 27 675 1 209 1 105 1 340 

Uncertainty intervals reflect the standard errors around the outputs of interest, calculated from the 500 scenarios. 
 

3.6 Sensitivity analysis 
 

Table S3.9 shows the effects of the ‘baseline parameters’ on the cost per life year saved. The 

‘baseline parameters’ are the parameters that were varied in the process of calibrating the model 

to the South African HIV prevalence data. The table includes the median and inter-quartile 

ranges of these baseline parameters to illustrate the typical values of these parameters and to 

facilitate interpretation of the regression parameters. The regression parameters are estimated 

by regressing the cost per life year saved on all of the parameters shown in the column headings 

(as well as the intervention parameters, which are presented later). To illustrate, consider the 

effect of the acute infectivity parameter on the cost per life year saved in the home-based testing 

scenario. As shown in Table S3.8, the median cost per life year saved in this scenario is $515. 

Table S3.9 shows that the effect of the acute infectivity parameter in this scenario is -19. This 

means that when comparing a simulation in which the acute infectivity is 19.3 (the 75th 

percentile) to a simulation in which the acute infectivity is 16.3 (the median value), we would 

expect the cost per life year saved to be lower in the former scenario by $57 (i.e. 19 × (19.3 – 

16.3)). In other words, if we were to increase the acute infectivity parameter from the median 

value to its 75th percentile, we would expect to see the cost per life year in the home-based 

testing scenario reduce from $515 to $458. The parameters that were statistically significant in 

the regression model are highlighted in bold. Table S3.10 shows a similar analysis of the effects 

of the different baseline parameters on the cost per HIV infection averted. 
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Table S3.9: Effects of baseline parameters on incremental cost per life year saved 
Parameter Acute 

infectivity 

Transmission prob. 

Client-to-FSW 

Transmission prob. 

M-to-F, non-spousal 

Transmission prob. 

F-to-M, non-spousal 

RR transmission if 

spousal (M-to-F) 

RR transmission if 

spousal (F-to-M) 

Median  16.3  0.00102 0.00214 0.00107 0.62  0.51  

Interquartile range 13.7-19.3 0.00080-0.00125 0.00192-0.00238 0.00093-0.00122 0.39-0.84 0.28-0.76 

Effect of parameter on cost per life year saved 

Home-based HCT, urban -20 (-29 to -11) -1158 (-2243 to -925) -781 (-1246 to -453) -766 (-882 to -662) -78 (-150 to 8) -117 (-177 to -37) 

Home-based HCT, rural -36 (-60 to -16) -1236 (-2763 to -912) -979 (-3136 to 884) -939 (-1293 to -767) -192 (-334 to 33) -192 (-333 to 85) 

Home-based HCT (combined) -19 (-26 to -11) -895 (-1138 to -727) -482 (-681 to 229) -637 (-717 to -500) -76 (-134 to -13) -136 (-182 to -83) 

Mobile testing, urban -82 (-108 to -50) -957 (-1423 to -792) -531 (-8813 to 8925) -891 (-1550 to -689) -202 (-337 to 57) -219 (-387 to 135) 

Mobile testing, rural -241 (-276 to -197) -1221 (-1486 to -1060) -1224 (-13396 to 16068) -1099 (-1323 to -968) -316 (-478 to -61) -601 (-699 to -474) 

Mobile testing (combined) -43 (-64 to -25) -1054 (-2820 to -727) -160 (-10336 to 7989) -941 (-3175 to -590) -201 (-300 to -43) -1 (-201 to 385) 

MSM -105 (-135 to -69) -628 (-834 to -512) -174 (-2428 to 1694) -506 (-777 to -375) -83 (-180 to 77) -467 (-1157 to -231) 

FSW -60 (-123 to -2) -356 (-661 to -219) 343 (-1637 to 3452) -421 (-2275 to -174) 238 (84 to 541) -192 (-472 to -28) 

Family planning -35 (-49 to -21) -824 (-1229 to -623) -541 (-1109 to 102) -687 (-967 to -547) -121 (-205 to 18) -55 (-175 to 127) 

Assisted partner notification -64 (-93 to -33) -746 (-1752 to -431) 525 (-1354 to 4101) -603 (-1269 to -361) 107 (19 to 211) -174 (-417 to -6) 

Schools -261 (-423 to -74) -2450 (-5203 to 1497) -1672 (-5472 to 2225) -1993 (-2798 to -1688) -1224 (-1449 to -773) -645 (-16023 to 6628) 

Workplace -64 (-85 to -43) -937 (-1182 to -799) -101 (-13269 to 18336) -725 (-926 to -610) -210 (-294 to -91) -222 (-321 to -58) 

Home-based testing + ST offer -9 (-14 to -5) -946 (-1894 to -710) -380 (-529 to -153) -479 (-551 to -382) -34 (-74 to 18) -73 (-112 to -29) 

ANC partners -561 (-619 to -489) -1151 (-1488 to -968) -424 (-5973 to 6881) -754 (-1007 to -603) -588 (-718 to -415) -1064 (-6987 to 1548) 

ANC partners + ST offer -113 (-135 to -89) -844 (-1111 to -693) -100 (-21633 to 11699) -572 (-765 to -462) 14 (-128 to 305) -275 (-392 to -119) 

Mobile + mobilization -64 (-97 to -31) -2267 (-15439 to 5035) -1772 (-20782 to 11841) -1966 (-3629 to -1491) -219 (-433 to 106) -330 (-523 to -56) 

Values shown are median estimates (with 95% confidence intervals shown in brackets), calculated from bootstrapping the 500 simulations and running a multivariable regression 

model on each bootstrapped sample. Values formatted in bold are statistically significant. ANC = antenatal clinic attender; FSW = female sex worker; F-to-M = female-to-

male; HCT = HIV counselling and testing; MSM = men who have sex with men; M-to-F = male-to-female; M-to-M = male-to-male; RR = relative rate; ST = self-testing. 
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Table S3.9 (continued): Effects of baseline parameters on incremental cost per life year saved 
Parameter Initial HIV prevalence 

in high risk women 

Sexual 

mixing 

Increased infectivity 

at CD4 <200 cells/µl 

Transmission prob. 

M-to-M, non-spousal 

RR transmission if 

spousal (M-to-M) 

Median  0.0233  0.53 1.52 0.00494 0.51 

Interquartile range 0.0175-0.0266 0.34-0.73 1.24-1.95 0.00433-0.00543 0.28-0.76 

Effect of parameter on cost per life year saved 

Home-based HCT, urban -986 (-5087 to 1666) -22 (-123 to 93) -58 (-111 to -1) -1045 (-12224 to 8775) 50 (-61 to 201) 

Home-based HCT, rural -1070 (-3586 to 1111) -133 (-315 to 167) -89 (-210 to 108) -1117 (-6062 to 5139) 641 (111 to 2286) 

Home-based HCT (combined) -760 (-7473 to 2763) -64 (-134 to 10) -50 (-85 to -10) -698 (-6820 to 4928) 75 (-18 to 175) 

Mobile testing, urban -799 (-3105 to 643) -130 (-327 to 329) 66 (-144 to 426) -661 (-2551 to 1778) 573 (-17669 to 14317) 

Mobile testing, rural -952 (-1424 to -752) -388 (-576 to 45) 64 (-294 to 2448) -953 (-1855 to -621) -2361 (-40498 to 27581) 

Mobile testing (combined) -720 (-1155 to -522) -103 (-290 to 263) -66 (-186 to 127) -652 (-3212 to 2165) 263 (-83 to 1447) 

MSM -383 (-494 to -284) -177 (-385 to 157) 324 (-123 to 2787) 9 (-8403 to 8490) -805 (-5697 to 1294) 

FSW -148 (-355 to -28) 34 (-104 to 260) 152 (-269 to 1505) -64 (-261 to 184) -228 (-427 to -100) 

Family planning -726 (-1344 to -525) 7 (-136 to 278) -40 (-116 to 67) -583 (-5823 to 2361) 230 (-34 to 839) 

Assisted partner notification -250 (-486 to -128) 189 (-2756 to 3030) 36 (-1045 to 1284) -873 (-5426 to 3770) -439 (-1045 to -241) 

Schools -2008 (-3360 to -1047) -1173 (-1480 to -196) -519 (-997 to 1488) -1881 (-4818 to 2019) -11 (-17724 to 16413) 

Workplace -725 (-1045 to -578) -208 (-335 to 34) -104 (-199 to 40) -573 (-784 to -361) 1394 (-24465 to 33990) 

Home-based testing + ST offer -845 (-3862 to 2496) -27 (-77 to 35) -47 (-70 to -21) -665 (-3413 to 2625) 24 (-28 to 80) 

ANC partners -399 (-619 to 254) -597 (-758 to -376) -496 (-3416 to 4049) -846 (-7970 to 7383) -886 (-1227 to -729) 

ANC partners + ST offer -241 (-469 to 201) -343 (-447 to -199) 181 (-50 to 787) -696 (-5508 to 3926) -1746 (-27326 to 15114) 

Mobile + mobilization -1096 (-15358 to 8187) -254 (-464 to 94) -75 (-260 to 131) -1364 (-2640 to -630) 238 (-136 to 908) 

Values shown are median estimates (with 95% confidence intervals shown in brackets), calculated from bootstrapping the 500 simulations and running a multivariable regression 

model on each bootstrapped sample. Values formatted in bold are statistically significant. ANC = antenatal clinic attender; FSW = female sex worker; F-to-M = female-to-

male; HCT = HIV counselling and testing; MSM = men who have sex with men; M-to-F = male-to-female; M-to-M = male-to-male; RR = relative rate; ST = self-testing. 
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Table S3.10: Effects of baseline parameters on incremental cost per HIV infection averted 
Parameter Acute 

infectivity 

Transmission prob. 

Client-to-FSW 

Transmission prob. 

M-to-F, non-spousal 

Transmission prob. 

F-to-M, non-spousal 

RR transmission if 

spousal (M-to-F) 

RR transmission if 

spousal (F-to-M) 

Median  16.3  0.00102 0.00214 0.00107 0.62  0.51  

Interquartile range 13.7-19.3 0.00080-0.00125 0.00192-0.00238 0.00093-0.00122 0.39-0.84 0.28-0.76 

Effect of parameter on cost per life year saved 

Home-based HCT, urban -295 (-659 to 98) -14845 (-55754 to 12527) -12239 (-36186 to 20158) -12263 (-18401 to -10925) -2097 (-4036 to 2261) -3408 (-4720 to -1055) 

Home-based HCT, rural -954 (-2059 to 268) -15629 (-26522 to -5729) -13699 (-26938 to -1939) -14202 (-20768 to -12738) -6086 (-8815 to 3468) -5526 (-8764 to 9941) 

Home-based HCT -478 (-789 to -140) -14011 (-25683 to -5096) -10040 (-39437 to 16254) -11497 (-13060 to -9518) -1767 (-4091 to 1731) -3183 (-4673 to -935) 

Mobile testing, urban -1526 (-2089 to -700) -9937 (-20982 to -8327) -7414 (-15436 to -4148) -9473 (-30443 to 615) -3128 (-5551 to 19070) -3896 (-5695 to 5507) 

Mobile testing, rural -5652 (-6644 to -4450) -16293 (-20226 to -14662) -13970 (-26104 to -4699) -14276 (-15985 to -13366) -8551 (-9997 to -4688) -11227 (-12244 to -9265) 

Mobile testing  -751 (-1590 to 165) -14558 (-107929 to 193962) -9019 (-69387 to 57610) -13241 (-97011 to 69371) -5566 (-6685 to -3233) -1973 (-151092 to 256007) 

MSM -1060 (-1357 to -722) -6156 (-12400 to -4507) -622 (-4546 to 6534) -5646 (-14750 to -3486) -608 (-1346 to 582) -2474 (-4691 to -1245) 

FSW -445 (-596 to -259) -4889 (-13450 to -3046) 182 (-42534 to 30488) -2938 (-12052 to -1540) 608 (-133 to 2008) -1604 (-2678 to -767) 

Family planning -635 (-983 to -161) -10146 (-18616 to -8028) -6915 (-11231 to 1949) -8207 (-11125 to -7248) -2241 (-4017 to 3198) -1884 (-3830 to 4160) 

Assisted partner notification -1132 (-1690 to -755) -10363 (-239624 to 96628) 3600 (-42577 to 35108) -7631 (-67935 to 31886) 1062 (248 to 2791) -2323 (-21094 to 10679) 

Schools -2074 (-3231 to -772) -13926 (-17240 to -12762) -11943 (-24985 to 11305) -12793 (-15616 to -11573) -8215 (-10156 to -1393) -6340 (-53657 to 20673) 

Workplace -1737 (-2583 to -602) -11038 (-13246 to -10004) -9712 (-60646 to 22932) -11750 (-23300 to -9720) -5925 (-6813 to -3777) -5949 (-7129 to -2540) 

Home-based + ST offer -165 (-337 to -7) -10464 (-14994 to -9058) -6949 (-8517 to -2098) -8041 (-8671 to -7280) -1114 (-2388 to 583) -1817 (-2884 to -337) 

ANC partners -1758 (-2190 to -1323) -6087 (-9500 to -4621) -502 (-10361 to 14081) -5238 (-20941 to 20711) -2279 (-3454 to -964) -2700 (-4365 to -1490) 

ANC partners + ST offer -1188 (-1402 to -945) -5600 (-7349 to -4744) -3805 (-10642 to 1127) -3803 (-4701 to -3218) 43 (-1331 to 5067) -2658 (-3780 to -1260) 

Mobile + mobilization -606 (-1987 to 840) -27645 (-57646 to -3597) -25429 (-101508 to 99576) -30425 (-116131 to 64784) -1809 (-10872 to 44931) -10461 (-14204 to -1846) 

Values shown are median estimates (with 95% confidence intervals shown in brackets), calculated from bootstrapping the 500 simulations and running a multivariable regression 

model on each bootstrapped sample. Values formatted in bold are statistically significant. ANC = antenatal clinic attender; FSW = female sex worker; F-to-M = female-to-

male; HCT = HIV counselling and testing; MSM = men who have sex with men; M-to-F = male-to-female; M-to-M = male-to-male; RR = relative rate; ST = self-testing. 
  



61 

 

Table S3.10 (continued): Effects of baseline parameters on incremental cost per HIV infection averted 
Parameter Initial HIV prevalence 

in high risk women 

Sexual 

mixing 

Increased infectivity 

at CD4 <200 cells/µl 

Transmission prob. 

M-to-M, non-spousal 

RR transmission if 

spousal (M-to-M) 

Median  0.0233  0.53 1.52 0.00494 0.51 

Interquartile range 0.0175-0.0266 0.34-0.73 1.24-1.95 0.00433-0.00543 0.28-0.76 

Effect of parameter on cost per life year saved 

Home-based HCT, urban -9963 (-11377 to -7924) -2236 (-4331 to 1713) -25 (-2079 to 4086) -11634 (-35897 to 23519) 2914 (-2207 to 22103) 

Home-based HCT, rural -13090 (-15339 to -11232) -6356 (-8760 to 2629) 4935 (-77842 to 181820) -9721 (-73015 to 25119) -24678 (-475596 to 413525) 

Home-based HCT (combined) -11012 (-32197 to 10095) -2796 (-4736 to 186) 1614 (-684 to 6201) -10232 (-30039 to 33797) 1546 (-2019 to 9758) 

Mobile testing, urban -7171 (-10090 to -5161) -3840 (-5213 to -15) -16225 (-219134 to 133423) -6782 (-76309 to 22462) -791 (-203337 to 92634) 

Mobile testing, rural -12034 (-12911 to -11209) -9731 (-10729 to -7857) -15089 (-29557 to -13001) -13177 (-19263 to -8601) -20515 (-156337 to 149482) 

Mobile testing (combined) -8956 (-10285 to -8035) -2641 (-75365 to 84703) 3215 (-260627 to 305393) -9198 (-28834 to 3835) 2107 (-143359 to 166776) 

MSM -1909 (-2498 to -1409) -837 (-1642 to 419) -1491 (-2728 to -339) -3483 (-42743 to 42440) -4273 (-19796 to 5485) 

FSW -1591 (-2689 to -783) -227 (-744 to 660) 886 (-9043 to 16191) -2032 (-6159 to 3127) -2937 (-7279 to -1773) 

Family planning -7134 (-8638 to -6094) -1414 (-3659 to 5353) 1093 (-1786 to 12467) -7095 (-41616 to 16272) 3352 (-319627 to 161681) 

Assisted partner notification -398 (-1128 to 160) 1345 (164 to 4862) 1227 (119 to 2926) -6377 (-154044 to 118479) -6147 (-124840 to 68693) 

Schools -12417 (-14106 to -10820) -8911 (-10328 to -4425) -1215 (-17560 to 46032) -12402 (-29198 to 13923) -2500 (-83201 to 87336) 

Workplace -8373 (-9078 to -7738) -6217 (-7056 to -4603) -12941 (-76299 to 42506) -10301 (-33324 to 15361) -12481 (-27575 to -10257) 

Home-based testing + ST offer -8556 (-10687 to -5308) -1146 (-2531 to 883) 79 (-1024 to 1464) -8702 (-40918 to 31780) 2064 (-231 to 7863) 

ANC partners -821 (-1872 to 995) -1888 (-2763 to -681) -1014 (-1854 to 606) -2951 (-14021 to 13393) -5832 (-27956 to 16092) 

ANC partners + ST offer -2080 (-3583 to 630) -2203 (-2699 to -1612) -6364 (-61596 to 32835) -4522 (-23283 to 15642) -5947 (-14819 to -4227) 

Mobile + mobilization -22715 (-26648 to -20201) -9013 (-13462 to 6140) 20678 (-3919 to 226868) -22170 (-27949 to -17013) 13887 (-333633 to 254036) 

Values shown are median estimates (with 95% confidence intervals shown in brackets), calculated from bootstrapping the 500 simulations and running a multivariable regression 

model on each bootstrapped sample. Values formatted in bold are statistically significant. ANC = antenatal clinic attender; FSW = female sex worker; F-to-M = female-to-

male; HCT = HIV counselling and testing; MSM = men who have sex with men; M-to-F = male-to-female; M-to-M = male-to-male; RR = relative rate; ST = self-testing. 
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Almost all of the statistically significant effects shown in Tables S3.9 and S3.10 are negative 

effects. This is because almost all of the baseline parameters are positively associated with the 

projected HIV incidence over the period 2019-2039 period, and thus higher parameter values 

are associated with a greater potential reduction (in absolute terms) in numbers of new HIV 

infections and hence a greater potential number of life years saved. The greater impact of the 

intervention (in absolute terms) in turn implies a lower cost per HIV infection averted (or per 

life year saved), hence the negative relationship. There are, however, some exceptions to the 

general finding of negative associations. In the assisted partner notification scenario, there are 

some parameters that are significantly positively associated with the cost per infection averted 

or the cost per life year saved. As it is assumed that partner referral is more common in the 

context of cohabiting or marital relationships, the partners referred for testing tend to be older. 

The age pattern of HIV incidence changes as HIV incidence rates change, with the fraction of 

incident HIV occurring in older adults being lowest when HIV incidence is highest. This in 

turn implies that interventions that tend to reach older individuals may be relatively less cost-

effective as HIV incidence increases.  

 

Table S3.11 shows the effects of the parameters related to the new testing modalities on the 

cost per life year saved. The regression coefficients are interpreted in the same way as before. 

For example, consider the effect of the relative rate of retesting in previously-diagnosed, ART-

naïve individuals, on the cost per life year saved in the home-based testing scenario. If the 

relative rate of retesting were to increase from 0.5 to 0.7, this would imply a reduction in the 

cost per life year saved of $29 (-144 × (0.7 – 0.5)) relative to the original estimate of $515 

(Table S3.8). Table S3.12 shows corresponding effects of parameters on the cost per HIV 

infection averted. As noted in the main text, the relative rate of retesting in previously-

diagnosed ART-naïve individuals is generally negatively associated with the cost per life year 

saved and cost per infection averted, which is because repeat testers are assumed to be more 

likely to start ART than they would have been if they had not repeated testing. However, the 

cost per life year saved is in some cases significantly positively associated with the relative rate 

of testing in patients on ART, which is because there is assumed to be no epidemiological effect 

of testing people who are already on ART (i.e. there is only a cost with no benefit). Relative 

rates of linkage to ART when diagnosis occurs through community-based testing modalities 

are also generally negatively related to the cost per life year saved and cost per HIV infection 

averted, i.e. relatively more life years are saved when more individuals link to ART after 

diagnosis, thus reducing the average cost per diagnosis. 
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Table S3.11: Effects of new HIV testing parameters on incremental cost per life year saved 
 

Parameter 

RR testing in  

previously-diagnosed,  

ART-naïve  

RR testing in ART 

patients 

RR linkage to ART  

from community-  

based testing 

Home-based HCT, urban -78 (-134 to -8) 286 (57 to 674) -100 (-191 to 12) 

Home-based HCT, rural -126 (-262 to 50) 191 (-190 to 1418) -13 (-284 to 693) 

Home-based HCT (combined) -144 (-181 to -103) 103 (-18 to 263) -128 (-194 to -48) 

Mobile testing, urban 193 (-138 to 1305) -19 (-459 to 2200) -97 (-383 to 1018) 

Mobile testing, rural 21 (-352 to 955) -311 (-581 to 747) 304 (-23791 to 24183) 

Mobile testing (combined) 9 (-162 to 327) 647 (-9373 to 9466) -20 (-297 to 884) 

MSM -134 (-252 to 17) -123 (-8162 to 5106) N/A 

FSW -30 (-324 to 317) -22 (-4822 to 4504) -41 (-3528 to 2755) 

Family planning -23 (-132 to 95) 494 (52 to 2348) N/A 

Assisted partner notification 40 (-695 to 1412) 18 (-3616 to 6685) -221 (-5533 to 4178) 

Schools -1064 (-1381 to 25) -3371 (-19720 to 10149) -2826 (-32548 to 12818) 

Workplace -222 (-297 to -111) 44 (-230 to 1347) 288 (-112 to 1841) 

Home-based testing + ST offer -78 (-105 to -47) 161 (51 to 290) -75 (-133 to -15) 

ANC partners -632 (-847 to -334) -802 (-13567 to 7660) -919 (-6193 to 3897) 

ANC partners + ST offer -170 (-358 to 309) 105 (-285 to 3000) -906 (-10937 to 14493) 

Mobile + mobilization -422 (-566 to -229) 363 (-185 to 1988) -383 (-655 to 86) 

Values shown are median estimates (with 95% confidence intervals shown in brackets), calculated from 

bootstrapping the 500 simulations and running a multivariable regression model on each bootstrapped sample. 

Values formatted in bold are statistically significant. ANC = antenatal clinic attender; ART = antiretroviral 

treatment; FSW = female sex worker; HCT = HIV counselling and testing; MSM = men who have sex with men; 

RR = relative rate; ST = self-testing. 
 

Table S3.12: Effects of new HIV testing parameters on incremental cost per HIV infection 

averted 
 

Parameter 

RR testing in  

previously-diagnosed,  

ART-naïve  

RR testing in ART 

patients 

RR linkage to ART  

from community-  

based testing 

Home-based HCT, urban 1044 (-1592 to 7693) 15706 (-291305 to 512959) -569 (-4031 to 11313) 

Home-based HCT, rural 1663 (-45907 to 70186) -1313 (-149119 to 147372) -1028 (-134864 to 130227) 

Home-based HCT (combined) -2205 (-3551 to -230) 3991 (-1996 to 32775) -1865 (-4461 to 4531) 

Mobile testing, urban -13842 (-187763 to 94992) -4249 (-47378 to 78548) -8246 (-63372 to 51222) 

Mobile testing, rural -3980 (-85314 to 214567) -8405 (-40438 to 32581) -17740 (-246256 to 96455) 

Mobile testing (combined) 2043 (-157272 to 175102) -13199 (-144402 to 129137) -3126 (-106547 to 86301) 

MSM -2773 (-18839 to 13254) -871 (-30974 to 40257) N/A 

FSW -1370 (-8851 to 1813) -396 (-19020 to 24580) 138 (-20870 to 28665) 

Family planning 864 (-2628 to 14668) 3204 (-320493 to 151312) N/A 

Assisted partner notification 302 (-10194 to 13782) -5 (-14553 to 22450) -581 (-30151 to 19498) 

Schools -6175 (-34121 to 25851) -21819 (-200075 to 97380) -17664 (-100941 to 78698) 

Workplace -5587 (-6903 to -608) -3340 (-56294 to 70209) -1779 (-228630 to 180736) 

Home-based testing + ST offer -1170 (-2280 to 172) 3271 (-863 to 11497) -1480 (-3368 to 1394) 

ANC partners -2391 (-4934 to -274) -3345 (-37249 to 36873) -2985 (-74718 to 59489) 

ANC partners + ST offer -1603 (-2737 to 1990) -1267 (-53334 to 56491) -5206 (-39773 to 25296) 

Mobile + mobilization -7964 (-225147 to 274047) 1247 (-173416 to 284281) -3126 (-106547 to 86301) 

Values shown are median estimates (with 95% confidence intervals shown in brackets), calculated from 

bootstrapping the 500 simulations and running a multivariable regression model on each bootstrapped sample. 

Values formatted in bold are statistically significant. ANC = antenatal clinic attender; ART = antiretroviral 

treatment; FSW = female sex worker; HCT = HIV counselling and testing; MSM = men who have sex with men; 

RR = relative rate; ST = self-testing. 
 

Table S3.13 shows the effect of intervention-specific parameters on the cost per life year saved 

and cost per HIV infection averted in the scenarios that they relate to. The majority of these 

associations are negative, although only two are significantly negative and one (for FSW 

testing) is significantly positive. All of these parameters determine the extent of test uptake 
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under the new testing modalities, and thus the findings of negative associations with the ICERs 

would suggest increasing returns to scale for new HIV testing strategies. This may seem 

paradoxical, since one might expect diminishing marginal returns from testing as increasingly 

high levels of testing coverage are achieved. However, infectious disease dynamics are highly 

non-linear; for example, increasing vaccine coverage from 60% to 70% might be expected to 

have more impact on incidence (in absolute terms) than increasing vaccine coverage from 50% 

to 60%, because there is greater herd immunity implied in the former scenario [185]. Although 

there may well be a degree of ‘saturation’ in terms of knowledge of HIV status as testing 

volumes increase, this does not necessarily imply saturation of epidemiological impacts if 

retesting previously-diagnosed individuals increases their chance of starting ART. The 

exception is HIV testing in sex workers, where saturation effects do become important at very 

high rates of testing. 

 

Table S3.13: Effects of intervention-specific parameters on cost-effectiveness ratios 

  Effect of parameter 

Parameter Scenario Incremental cost per  

life year saved 

Incremental cost per  

infection averted 

Fraction of population tested Home-based HCT, urban -48 (-188 to 159) -3207 (-5742 to 2014) 

   in each round of home-based Home-based HCT, rural -10 (-523 to 3897) -7210 (-103647 to 72436) 

   testing Home-based HCT -6 (-135 to 160) -1940 (-5394 to 7121) 

 Home-based testing + ST -107 (-226 to 66) -4096 (-5664 to -507) 

Annual rate of testing  Mobile testing, urban -161 (-311 to 59) -3149 (-4948 to 2258) 

   through mobile testing Mobile testing, rural -724 (-1486 to 380) -11745 (-18349 to -5438) 

 Mobile testing  -33 (-4135 to 3712) -6175 (-89091 to 53306) 

 Mobile + mobilization 21 (-632 to 2454) -7964 (-225147 to 274047) 

Increase in annual testing rate 

   in MSM 
MSM 

66 (-166 to 993) 523 (-9908 to 13019) 

Increase in annual testing rate 

   in FSW 
FSW 

430 (-1596 to 4312) 902 (203 to 1989) 

Annual testing rate in 

   family planning clinics 
Family planning 

-21 (-302 to 1672) -2658 (-55727 to 77421) 

Effect of assisted partner 

   notification on partner referral 

Assisted partner  

notification 102 (-38 to 327) 817 (-2015 to 6976) 

RR of school testing in virgins Schools -1153 (-14833 to 11534) -9237 (-92562 to 41522) 

Fraction of employed reachable 

   by workplace testing 
Workplace 

37 (-50 to 158) 4102 (-1902 to 43984) 

Fraction of husbands of married ANC partners -91 (-465 to 1933) 1272 (-16092 to 25139) 

   pregnant women tested ANC partners + ST 33 (-213 to 1418) -26 (-26697 to 16999) 

Effect of self-testing offer on Home-based testing + ST -1 (-15 to 14) -90 (-666 to 524) 

   uptake of testing ANC partners + ST 27 (-160 to 421) -640 (-9526 to 15830) 

Values shown are median estimates (with 95% confidence intervals shown in brackets), calculated from 

bootstrapping the 500 simulations and running a multivariable regression model on each bootstrapped sample. 

Values formatted in bold are statistically significant. ANC = antenatal clinic attender; FSW = female sex worker; 

F-to-M = female-to-male; HCT = HIV counselling and testing; MSM = men who have sex with men; M-to-F = 

male-to-female; M-to-M = male-to-male; RR = relative rate; ST = self-testing. 
 

To better understand the effects of the baseline parameters on the cost per life year saved, we 

consider a regression specific to the home-based testing with self-testing scenario (since this is 

the intervention that has the greatest epidemiological impact and thus generates the most 

statistically significant results). Instead of fitting a single regression model (as in Table S3.9), 

we consider two regressions: one in which we assess the effect of the baseline HIV parameters 

on the projected number of new infections over the 2019-39 period (in the absence of any 

change to current testing policy) and one in which we assess the effect of the number of new 

infections over the 2019-39 period (in the absence of any change to current testing policy) on 
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the cost per life year saved (also controlling for the parameters specific to the home-based 

testing with self-testing scenario). Table S3.14 shows the results of the first regression model. 

As noted previously, most of the baseline parameters are positively associated with the 

projected number of new infections over the 2019-39 period. One exception is the initial HIV 

prevalence in high risk women, which is strongly negatively associated with projected future 

incidence because a higher initial prevalence implies an epidemic that peaks earlier (and thus 

declines more over the longer term).  

 

Table S3.14: Effects of baseline parameters on projected numbers of new HIV infections, 

2019-2039, in the absence of changes to HIV testing policy 

Parameter Effect (95% CI) 

Acute infectivity 56 013 (49 170 to 63 270) 

Transmission prob. Client-to-FSW 393 million (322 to 476 million) 

Transmission prob. M-to-F, non-spousal 1160 million (1080 to 1270 million) 

Transmission prob. F-to-M, non-spousal 2950 million (2770 to 3120 million) 

RR transmission if spousal (M-to-F) 562 334 (480 071 to 643 201) 

RR transmission if spousal (F-to-M) 867 765 (793 635 to 945 292) 

Initial HIV prevalence in high risk women -6.87 million (-11.40 to -2.67 million) 

Sexual mixing 108 196 (18 851 to 202 810) 

Increased infectivity at CD4 <200 cells/µl 924 177 (880 687 to 969 362) 

Transmission prob. M-to-M, non-spousal 13.7 million (-19.7 to 39.4 million) 

RR transmission if spousal (M-to-M) -123 559 (-203 273 to -46 928) 

 

The results of the second regression are shown in Table S3.15. As suggested previously, the 

projected future HIV incidence (in the absence of any change to HIV testing policy) is strongly 

negatively related to the cost per life year saved: for each additional increase of 1000 new 

infections over the 2019-39 period, the cost per life year saved reduces by $0.22. The 

intervention-specific parameters have similar effects to those shown previously (in Tables 

S3.11 and S3.13), where the regression model controlled for the individual baseline parameters 

rather than the total number of new infections over the 2019-39 period. 

 

Table S3.15: Effects of new infections and intervention parameters on the incremental cost per 

life year saved, for home-based testing with an offer of self-testing 

Parameter Effect (95% CI) 

New HIV infections (2019-39) if no change in policy -0.00022 (-0.00025 to -0.00019) 

RR testing in previously-diagnosed, ART-naïve -238 (-273 to -202) 

RR testing in ART patients 173 (48 to 338) 

RR linkage to ART from community-based testing -210 (-279 to -130) 

Fraction of population tested in each round of  

   home-based testing 

-82 (-248 to 159) 

Effect of self-testing offer on uptake of testing -2 (-24 to 19) 

 

As an additional sensitivity analysis, we assessed the sensitivity of the results to the levels of 

HIV testing in the baseline scenario. PEPFAR, which funds roughly half of the South African 

HIV testing programme, has called for a scaling back of HIV testing efforts, particularly in the 

context of general provider-initiated counselling and testing [186]. We have therefore assessed 

how results would change in the baseline scenario and the home-based testing with self-testing 

scenario if rates of ‘general’ HIV testing were halved from 2019 onward. This implies reducing 
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the b(t) parameter to 0.0724 in men and 0.1411 in women, over the 2019-39 period (compare 

with the default values of 0.1448 and 0.2821 respectively in Table S2.1). Table S3.16 compares 

the results in the main analyses (presented previously) with the results in the sensitivity 

analysis. In the baseline scenario, the 50% reduction in the rate of general HIV testing would 

result in a 33% reduction in the total number of HIV tests conducted over the 2019-2039 period 

(from 274 million to 185 million) but only a modest 2% reduction in the number of new HIV 

diagnoses and a 3% increase in the total number of new HIV infections. The net effect of the 

increase in HIV incidence and reduction in new diagnoses is a reduction in the fraction of the 

HIV-positive population that is diagnosed by 2030 (from 93.9% in the main analysis to 91.8% 

in the sensitivity analysis). Results change in the home-based testing with self-testing scenario: 

the increase in the number of new diagnoses (relative to baseline) changes from 103 000 in the 

main analysis to 187 000 in the sensitivity analysis, i.e. the total number of new diagnoses 

remains unchanged in the home-based testing with self-testing scenario (at around 5.95 million) 

but relatively more of the testing occurs through home-based testing in the sensitivity analysis. 

Since home-based testing with self-testing is significantly cheaper than provider-initiated 

testing in facilities, this implies a gain in efficiency and thus a reduction in the cost per life year 

saved (from $394 to $316 for home-based testing with self-testing) when there is a reduction 

in provider-initiated testing in health facilities. Nevertheless, there are more new HIV 

infections forecast when the frequency of provider-initiated testing is reduced (5.32 million 

versus 5.26 million). 

 

Table S3.16: Comparison of results in main analysis and sensitivity analysis with 50% 

reduction in ‘general’ HIV testing in the baseline scenario, 2019-2039 

 Main analysis Sensitivity analysis 

Baseline scenario   

   Total HIV tests (million) 273.6 (272.9-274.2) 184.5 (184.1-185.0) 

   New HIV diagnoses (million) 5.85 (5.79-5.91) 5.77 (5.71-5.83) 

   New HIV infections (million) 5.53 (5.47-5.96) 5.68 (5.62-5.74) 

   Fraction diagnosed by 2030 93.9% 91.8% 

   Total cost of HIV programme (billion USD) 37.7 (37.4-37.9) 36.9 (36.7-37.2) 

Home-based testing + self-testing scenario   

   Increase in total tests (million)* 429.3 (427.5-431.0) 428.3 (426.5-430.0) 

   Increase in new diagnoses (thousand)* 103 (81-126) 187 (165-210) 

   New HIV infections (million) 5.26 (5.20-5.31) 5.32 (5.26-5.37) 

   Fraction diagnosed by 2030 96.5% 96.1% 

   Total cost of HIV programme (billion USD) 39.6 (39.4-39.8) 39.0 (38.8-39.3) 

Cost-effectiveness of home-based  

 testing + self-testing* 

  

   Life years saved (millions) 4.83 (4.70-4.98) 6.74 (6.58-6.91) 

   HIV cases averted (thousands) 268 (249-288) 354 (336-372) 

   Cost per life year saved (USD) 394 (379-410) 316 (305-325) 

   Cost per HIV infected averted (USD) 7118 (6512-7766) 6006 (5642-6385) 
* Relative to baseline.  
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4. Comparison with other modelling studies 
 

To our knowledge, only one previous study has modelled a wide range of different HIV testing 

strategies [187]. Table S4.1 compares the features and results of this modelling exercise, by 

Avenir Health, with our own. The two models are structurally very different, with the Avenir 

Health model dividing the population into 12 different possible testing populations (defined in 

terms of the channel through which individuals are likely to access testing), while our model 

is individual-based, allowing for individuals to access HIV testing through multiple channels. 

Despite substantial methodological differences, the Avenir Health study came to similar 

conclusions as ours regarding the relative efficiency of different HIV testing strategies. Both 

studies concluded that the most efficient strategies would include testing partners of newly-

diagnosed individuals, patients with HIV symptoms, sex workers and MSM, and both studies 

concluded that although community-based HIV testing strategies were not generally very cost-

effective, self-testing could be a relatively cost-effective strategy to reach individuals with high 

HIV risk in community settings, because of the cost savings if healthworkers have fewer tests 

to perform. 
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Table S4.1: Comparison of models of HIV testing strategies 

 Avenir Health model MicroCOSM 

Settings Mozambique, Senegal, Nigeria, Bolivia South Africa 

Model type Deterministic, compartmental Agent-based, network 

Simulation start 2015 1985 

HIV transmission Not modelled. Within each model 

compartment, HIV prevalence is 

assumed to remain constant over time. 

Modelled dynamically, based on assumed 

sexual behaviour and HIV transmission 

probabilities 

HIV disease 

   progression 

No modelling of CD4 stage Individual-level variation in HIV viral 

load and CD4 count, which determines 

mortality risk and rate of HIV symptoms 

Calibration to HIV 

   testing data 

DHS/AIS data: % of adults ever tested 

for HIV, or tested in last year 

Total annual numbers of HIV tests 

performed, HIV prevalence in testers 

HIV testing 

   modalities 

Antenatal clinics 

Family planning clinics 

STI clinics 

Patients with HIV symptoms 

General health services 

Sex workers 

Men who have sex with men 

Home-based testing* 

Partners of HIV-diagnosed 

TB patients 

Injecting drug users 

Antenatal clinics 

Family planning clinics 

STI clinics 

Patients with HIV symptoms 

General health services 

Sex workers 

Men who have sex with men 

Home-based testing 

Partners of HIV-diagnosed 

Mobile testing 

Schools  

Workplaces 

Men seeking MMC 

Prisons 

Partners of pregnant women 

PrEP recipients 

Self-testing Modelled as a variation of home-based 

testing*, with higher yield assumed 

Modelled in the context of home- based 

testing, testing partners of pregnant 

women 

Test sensitivity 

   and specificity 

100% sensitivity and specificity 100% sensitivity and specificity, except in 

acute infection (0% sensitivity) 

Retesting of 

   previously 

   diagnosed 

Not modelled For baseline testing modalities, diagnosed 

untreated are assumed to have a 50%  

relative rate of HIV testing. 

ART initiation 

   after diagnosis 

90%, but varying between 50% and 80% 

in the case of community-based testing 

Rate of ART initiation varies (27-93%), 

depending on the HIV testing modality 

Highest yield 

   testing modalities 

Partners of HIV-diagnosed 

TB patients 

Sex workers 

Patients with HIV symptoms 

STI patients 

Men who have sex with men 

Partners of HIV-diagnosed 

Patients with HIV symptoms 

Sex workers 

Partners of HIV+ pregnant women 

Workplaces 

PrEP recipients 

Men who have sex with men 

Lowest yield 

   testing modalities 

Home-based testing* 

Family planning 

 

Home-based testing 

Schools 

Prisons 

* The authors use the term ‘community-based testing’, which encompasses home-based testing and other testing 

modalities (e.g. mobile testing and multi-disease screening interventions). 

 

Cambiano et al [188] have also modelled the impact of self-testing in the Zimbabwean setting. 

Although they estimated that self-testing could be cost saving, as a result of reductions in health 

worker time required for HIV testing through other modalities, they noted that their conclusions 

were sensitive to assumptions about the cost of self-testing kits, the sensitivity and specificity 

of the testing kits, and the relative rate of linkage to care in individuals who are self-diagnosed.  
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Bassett et al [189] have used the CEPAC model to evaluate the potential impact of mobile 

testing in the South African setting. Their results suggest that the addition of mobile HIV 

testing to a standard model of HIV testing in fixed health facilities is likely to be very cost-

effective relative to South Africa's per capita GDP. A limitation of this model is that it does not 

consider the effect of HIV diagnosis and increased ART initiation on HIV transmission, and 

the benefits of HIV testing may therefore be understated. 

 

Several models have been developed to simulate the potential impact of home-based testing. 

Although a number of these studies have concluded that home-based testing would be cost-

effective [8, 190], the absence of any comparison to other HIV testing strategies makes it 

difficult to assess the relative merit of home-based testing. Most of these models assume that 

linkage to care following home-based testing is the same as that in facility-based HIV testing. 

However, Olney et al [191] developed a model that assumed a lower rate of linkage to care in 

individuals who were diagnosed through home-based testing, and estimated that home-based 

HIV testing would have relatively low cost-effectiveness in this scenario. 
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Annex 1: Average cost and cost per category by testing modality 
 

“%” denotes the percent of the population that this cost applies to. 

 
Partner testing 

Average test cost  Staff Equipment Consumables Overheads Total % 

Positive test  3.44   0.01   2.89   0.24   6.59  7% 

Negative test  2.18   0.01   2.32   0.22   4.73  93% 

Average all test  2.27 0.01  2.36 0.22  4.86  100% 

Cost per category Staff Equipment Consumables Overheads Total % 

Arrival/registration  0.60   0.01   0.37   0.20   1.18  100% 

Information session  0.32   -     -     -     0.32  100% 

Pre-test counselling  0.63   -     0.04   0.01   0.69  100% 

Test 1  0.32   0.00   0.94   0.01   1.27  100% 

Test 2  0.32   -     0.55   -     0.05  6% 

Test 3  0.32   -     0.53   -     0.01  1% 

Test 4  0.32   -     0.55   -     0.01  1% 

Whole blood draw  0.44   0.00   3.18   0.02   0.00  0.02% 

Post-test counselling - 
Positive 

 1.26   -     0.98   0.02   2.26  100% 

Negative result 
counselling 

 0.32   -     0.97   -     1.28  100% 

 
Testing of STI patients 

Average test cost  Staff Equipment Consumables Overheads Total % 

Positive test  2.94   0.01   2.76   0.22   5.92  8% 

Negative test  1.55   0.01   2.19   0.20   3.94  92% 

Average all test  1.66  0.01   2.23  0.20  4.09  100% 

Cost per category Staff Equipment Consumables Overheads Total % 

Arrival/registration  0.60   0.01   0.37   0.20   1.18  100% 

Information session  0.32   -     -     -     0.32  100% 

Pre-test counselling  0.13   0.00   0.04   -     0.17  100% 

Test 1  0.32   -     0.80   -     1.12  100% 

Test 2  0.32   -     0.54   -     0.14  16% 

Test 3  0.32   -     0.52   -     0.01  1% 

Test 4  0.32   -     0.54   -     0.01  1% 

Whole blood draw  0.44   0.00   3.17   0.02   0.00  0% 

Post-test counselling - 
Positive 

 1.26   -     0.98   0.02   2.26  100% 

Negative result 
counselling 

 0.19   -     0.97   -     1.16  100% 

 
Antenatal clinic clients testing* 

Average test cost  Staff Equipment Consumables Overheads Total % 

Positive test  2.94  0.01  2.75  0.24 5.94  3% 

Negative test 1.55  0.01  2.19  0.22 3.97 97% 
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Average all test 1.60  0.01  2.21  0.22 4.04 100% 

Cost per category Staff Equipment Consumables Overheads Total % 

Arrival/registration  0.60   0.01   0.37   0.20   1.18  100% 

Information session  0.32   -     -     -     0.32  100% 

Pre-test counselling  0.13   -     0.04   0.01   0.18  100% 

Test 1  0.32   0.00   0.80   0.01   1.13  100% 

Test 2  0.32   -     0.54   -     0.05  6% 

Test 3  0.32   -     0.52   -     0.01  1% 

Test 4  0.32   -     0.54   -     0.01  1% 

Whole blood draw  0.44   0.00   3.17   0.02   0.00  0% 

Post-test counselling - 
Positive 

 1.26   -     0.98   0.02   2.26  100% 

Negative result 
counselling 

 0.19   -     0.97   -     1.16  100% 

* Note that this includes the costs of retesting in late pregnancy, for women who test negative at their first 
antenatal visit. 
 

OI patients 

Average test cost  Staff Equipment Consumables Overheads Total % 

Positive test 2.94 0.01 2.75 0.22 5.92 23% 

Negative test 1.55 0.01 2.18 0.20 3.93 77% 

Average all test 1.88 0.01 2.32 0.20 4.40 100% 

Cost per category Staff Equipment Consumables Overheads Total % 

Arrival/registration 0.60 0.01 0.37 0.20 1.18 100% 

Information session 0.32 - - - 0.32 100% 

Pre-test counselling 0.13 - 0.04 - 0.17 100% 

Test 1 0.32 - 0.80 - 1.11 100% 

Test 2 0.32 - 0.55 - 0.06 7% 

Test 3 0.32 0.00 0.53 0.01 0.01 1% 

Test 4 0.32 0.00 0.55 0.06 0.01 1% 

Whole blood draw 0.44 0.00 3.18 0.02 0.00 0% 

Post-test counselling - 
Positive 

1.26 - 0.98 0.02 2.26 100% 

Negative result 
counselling 

0.19 0.00 0.97 0.00 1.16 100% 

 

Men seeking MMC 

Average test cost  Staff Equipment Consumables Overheads Total % 

Positive test  2.94   0.01   2.75   0.22   5.91  2% 

Negative test  1.55   0.01   2.19   0.20   3.94  98% 

Average all test  1.58   0.01   2.20   0.20   3.99 100% 

Cost per category Staff Equipment Consumables Overheads Total % 

Arrival/registration  0.60   0.01   0.37   0.20   1.18  100% 

Information session  0.32   -     -     -     0.32  100% 

Pre-test counselling  0.13   0.00   0.04   -     0.17  100% 

Test 1  0.32   -     0.80   -     1.12  100% 
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Test 2  0.32   -     0.54   -     0.02  2% 

Test 3  0.32   -     0.52   -     0.00  1% 

Test 4  0.32   -     0.52   -     0.00  1% 

Whole blood draw  0.44   0.00   3.17   0.02   0.00  0% 

Post-test counselling - 
Positive 

 1.26   -     0.98   0.02   2.26  100% 

Negative result 
counselling 

 0.19   -     0.97   -     1.16  100% 

 

PrEP clients 

Average test cost  Staff Equipment Consumables Overheads Total % 

Positive test  2.94   0.01   2.75   0.22   5.92  2% 

Negative test  1.55   0.01   2.19   0.20   3.94  98% 

Average all test  1.57  0.01   2.20  0.20   3.97 100% 

Cost per category Staff Equipment Consumables Overheads Total % 

Arrival/registration  0.60   0.01   0.37   0.20   1.18  100% 

Information session  0.32   -     -     -     0.32  100% 

Pre-test counselling  0.13   0.00   0.04   -     0.17  100% 

Test 1  0.32   -     0.80   -     1.12  100% 

Test 2  0.32   -     0.54   -     0.03  3% 

Test 3  0.32   -     0.52   -     0.00  1% 

Test 4  0.73   -     0.54   -     0.01  1% 

Whole blood draw  0.44   0.00   3.17   0.02   0.00  0% 

Post-test counselling - 
Positive 

 1.26   0.00   0.98   0.02   2.26  100% 

Negative result 
counselling 

 0.19   -     0.97   -     1.16  100% 

 

Prisoners 

Average test cost  Staff Equipment Consumables Overheads Total % 

Positive test  4.70   0.00   2.78   0.02   7.50  3% 

Negative test  2.88   0.00   2.22   0.00   5.10  97% 

Average all test  2.94  0.00  2.24  0.00  5.18 100% 

Cost per category Staff Equipment Consumables Overheads Total % 

Arrival/registration  0.60   -     0.37   -     0.98  100% 

Information session  0.45   -     -     -     0.45  100% 

Pre-test counselling  0.91   -     -     -     0.91  100% 

Test 1  0.45   -     0.88   -     1.33  100% 

Test 2  0.45   -     0.54   -     0.06  6% 

Test 3  0.45   -     0.52   -     0.01  1% 

Test 4  0.45   -     0.54   -     0.01  1% 

Whole blood draw  0.52   0.00   3.17   0.02   0.00  0% 

Post-test counselling - 
Positive 

 1.82   -     0.98   0.02   2.81  100% 

Negative result 
counselling 

 0.45   0.00   0.97   0.00   1.42  100% 
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General testing 

Average test cost  Staff Equipment Consumables Overheads Total % 

Positive test  3.44   0.01   2.75   0.22   6.42  4% 

Negative test  2.18   0.01   2.19   0.20   4.57  96% 

Average all test  2.23  0.01   2.21  0.20  4.64 100% 

Cost per category Staff Equipment Consumables Overheads Total % 

Arrival/registration  0.60   0.01   0.37   0.20   1.18  100% 

Information session  0.32   -     -     -     0.32  100% 

Pre-test counselling  0.63   0.00   0.04   -     0.68  100% 

Test 1  0.32   -     0.80   -     1.12  100% 

Test 2  0.32   -     0.54   -     0.02  2% 

Test 3  0.32   -     0.52   -     0.00  1% 

Test 4  0.32   0.00   0.54   0.06   0.01  1% 

Whole blood draw  0.19   0.00   3.17   0.02   0.00  0% 

Post-test counselling - 
Positive 

 1.26   -     0.98   0.02   2.26  100% 

Negative result 
counselling 

 0.32   -     0.97   -     1.28  100% 

 

Home-based HCT (urban) 
Average test cost  Staff Equipment Consumables Overheads Total % 

Positive test  2.12   0.01   2.39   0.23   4.74  6% 

Negative test  2.12   0.01   1.82   0.23   4.17  94% 

Average all test  2.12   0.01   1.85  0.23   4.21 100% 

Cost per category Staff Equipment Consumables Overheads Total % 

Arrival/registration  2.12   -     0.00   0.19   2.31  100% 

Pre-test counselling  -     0.01   0.04   0.04   0.09  100% 

Test 1  -     -     0.80   -     0.80  100% 

Test 2  -     -     0.55   -     0.03  5.59% 

Test 3  -     -     0.53   -     0.00  1% 

Test 4  -     -     0.55   -     0.00  1% 

Whole blood draw  -     -     3.18   -     0.00  0% 

Post-test counselling - 
Positive 

 -     -     0.98   -     0.98  100% 

Negative result 
counselling 

 -     -     0.97   -     0.97  100% 

 

Home-based HCT (rural) 

Average test cost  Staff Equipment Consumables Overheads Total % 

Positive test  3.39   0.02   2.38   0.36   6.15  6% 

Negative test  3.39   0.02   1.82   0.36   5.59  94% 

Average all test  3.39   0.02   1.85  0.36   5.62 100% 

Cost per category Staff Equipment Consumables Overheads Total % 

Arrival/registration  3.39   -     -     0.30   3.69  100% 

Pre-test counselling  -     0.02   0.04   0.06   0.12  100% 

Test 1  -     -     0.80   -     0.80  100% 
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Test 2  -     -     0.54   -     0.03  6% 

Test 3  -     -     0.52   -     0.00  1% 

Test 4  -     -     0.54   -     0.00  1% 

Whole blood draw  -     -     3.17   -     0.00  0% 

Post-test counselling - 
Positive 

 -     -     0.98   -     0.98  100% 

Negative result 
counselling 

- - 0.97 - 0.97 100% 

 

Mobile testing (rural) 
Average test cost  Staff Equipment Consumables Overheads Total % 

Positive test  5.13   0.00   2.45   0.05   7.63  6% 

Negative test  5.13   0.00   0.92   0.05   6.10  94% 

Average all test  5.13   0.00   1.02  0.05   6.20 100% 

Cost per category Staff Equipment Consumables Overheads Total % 

Arrival/registration  1.67   -     -     0.04   1.71  100% 

Pre-test counselling  2.01   0.00   0.04  0.018025348  2.07  100% 

Test 1  1.45   -     0.88   -     2.33  100% 

Test 2  -     -     0.54   -     0.03  6% 

Test 3  -     -     0.52   -     0.00  1% 

Test 4  -     -     0.54   -     0.00  1% 

Whole blood draw  -     -     3.17   -     0.00  0% 

Post-test counselling - 
Positive 

 -     -     0.98   -     0.98  100% 

Negative result 
counselling 

 -     -     -     -     -    100% 

 
Mobile testing (urban) 

Average test cost  Staff Equipment Consumables Overheads Total % 

Positive test  3.20   0.00   2.45   0.03   5.69  6% 

Negative test  3.20   0.00   0.92   0.03   4.16  94% 

Average all test  3.20   0.00  1.02  0.03  4.26 100% 

Cost per category Staff Equipment Consumables Overheads Total % 

Arrival/registration  1.05   -     -     0.02   1.07  100% 

Pre-test counselling  1.25   0.00   0.04   0.01   1.31  100% 

Test 1  0.90   -     0.88   -     1.78  100% 

Test 2  -     -     0.54   -     0.03  6% 

Test 3  -     -     0.52   -     0.00  1% 

Test 4  -     -     0.54   -     0.00  1% 

Whole blood draw  -     -     3.17   -     0.00  0% 

Post-test counselling - 
Positive 

 -     -     0.98   -     0.98  100% 

Negative result 
counselling - - - - - 

100% 

 

MSM testing 

Average test cost Staff Equipment Consumables Overheads Demand Targeting Total % 
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Positive test 2.00 0.00 2.17 0.29 0.02 0.16 4.64 15% 

Negative test 2.32 0.00 1.89 0.29 0.02 0.16 4.68 85% 

Average all test 2.27 0.00 1.93 0.29 0.02 0.16 4.67 100% 

 

Cost per category Staff Equipment Consumables Overheads Total % 

Arrival/registration  2.00   -     -     0.19   2.19  100% 

Pre-test counselling  -     0.00   0.04  0.10  -    0% 

Test 1  -     -     0.88   -     0.88  100% 

Test 2  -     -     0.54   -     0.03  6% 

Test 3  -     -     0.52   -     0.01  1% 

Test 4  -     -     0.54   -     0.01  1% 

Whole blood draw  -     -     3.17   -     -    0% 

Post-test counselling - 
Positive 

 -     -     0.69   -     0.69  100% 

Negative result 
counselling 

 0.32   -     0.97   -     1.28  100% 

 
FSW testing 

Average test cost Staff Equipment Consumables Overheads Targeting Total % 

Positive test  3.03   0.00   2.46   0.04   0.64   6.17  18% 

Negative test  3.03   0.00   0.92   0.04   0.64   4.64  82% 

Average all test  3.03   0.00   1.21  0.04   0.64   4.92 100% 

 

Cost per category Staff Equipment Consumables Overheads Total % 

Targeting    0.64  100% 

Arrival/registration  1.33   -     -     0.03   1.36  100% 

Pre-test counselling  0.42   0.00   0.04   0.01   0.48  100% 

Test 1  1.28   -     0.88   -     2.16  100% 

Test 2  -     -     0.54   -     0.03  6% 

Test 3  -     -     0.52   -     0.01  1% 

Test 4  -     -     0.54   -     0.01  1% 

Whole blood draw  -     -     3.17   -     0.00  0% 

Post-test counselling - 
Positive 

 -     -     0.98   -     0.98  100% 

Negative result 
counselling 

- - - - - 100% 

 

Workplace testing 

Average test cost  Staff Equipment Consumables Overheads Targeting  Total % 

Positive test  2.25   -     1.41   0.13  0.38   4.15  8% 

Negative test  2.25   -     0.85   0.13  0.38   3.60  92% 

Average all test  2.25   -     0.89  0.13  0.38   3.64 100% 

 

Cost per category Staff Equipment Consumables Overheads Total % 

Targeting     0.375026465  100% 

Arrival/registration  2.25   -     -     0.13   2.37  100% 
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Pre-test counselling  -     -     0.04   -     0.04  100% 

Test 1  -     -     0.80   -     0.80  100% 

Test 2  -     -     0.54   -     0.03  6% 

Test 3  -     -     0.52   -     0.01  1% 

Test 4  -     -     0.54   -     0.01  1% 

Whole blood draw  -     -     3.17   -     0.00  0% 

Post-test counselling - 
Positive 

 -     -     -     -     -    100% 

Negative result 
counselling 

- - - - - 100% 

 

Mobile testing plus community mobilisation 

Average test cost  Staff Equipment Consumables Overheads Demand Total % 

Positive test  5.13   -     1.40   0.04   11.41  17.98  6% 

Negative test  5.13   -     0.85   0.04   11.41  17.43  94% 

Average all test  5.13   -     0.88  0.04   11.41  17.46 100% 

 
Cost per category Staff Equipment Consumables Overheads Total % 

Demand Creation    20.95  100% 

Arrival/registration  1.67   -     -     0.04   1.71  100% 

Pre-test counselling  2.01   -     0.04   -     2.05  100% 

Test 1  1.45   -     0.80   -     2.25  100% 

Test 2  -     -     0.54   -     0.03  6% 

Test 3  -     -     0.52   -     0.00  1% 

Test 4  -     -     0.54   -     0.00  1% 

Whole blood draw  -     -     3.17   -     0.00  0% 

Post-test counselling - 
Positive 

 -     -     -     -     -    100% 

Negative result 
counselling 

- - - - - 
       
100% 

 
School testing 

Average test cost  Staff Equipment Consumables Overheads Total % 

Positive test  5.13  0.00   2.45   0.05   7.63 2% 

Negative test  5.13  0.00   1.89  0.05   7.07 98% 

Average all test  5.13  0.00   1.90  0.05  7.08 100% 

Cost per category Staff Equipment Consumables Overheads Total % 

Arrival/registration  1.67  -     -     0.04 1.71 100% 

Pre-test counselling  2.01  0.00   0.04   0.02 2.07 100% 

Test 1  1.45  -     0.88   -    2.33 100% 

Test 2  -     -     0.54   -     0.03  6% 

Test 3  -     -     0.52   -     0.00  1% 

Test 4  -     -     0.54   -     0.00  1% 

Whole blood draw  -     -     3.17   -     0.00  0% 

Post-test counselling - 
Positive 

 -     -     0.98   -     0.98  100% 
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Negative result 
counselling 

 -     -     -     -     -    
 

 

Family planning clients 

Average test cost  Staff Equipment Consumables Overheads Total % 

Positive test  2.94   0.01   2.76   0.28   5.99  11% 

Negative test  1.55   0.01   1.90   0.26   3.72  89% 

Average all test  1.70  0.01   2.00  0.26  3.97 100% 

Cost per category Staff Equipment Consumables Overheads Total % 

Arrival/registration  0.60   0.01   0.37   0.20   1.18  100% 

Information session  0.32   0.00   -     0.06   0.38  100% 

Pre-test counselling  0.13   0.00   0.04   -     0.17  98% 

Test 1  0.32   -     0.80   -     1.12  96% 

Test 2  0.32   -     0.54   -     0.86  23% 

Test 3  0.32   -     0.52   -     0.84  1% 

Test 4  0.32   -     0.54   -     0.86  1% 

Whole blood draw  0.44   0.00   3.17   0.02   3.63  0% 

Post-test counselling - 
Positive 

 1.26   -     0.98   0.02   2.26  100% 

Negative result 
counselling 

0.19 - 0.68 - 0.87 100% 

 

Assisted partner notification 

Average test cost  Staff Equipment Consumables Overheads Demand Total % 

Positive test  3.45   0.00   2.75   0.05   2.40   8.65  8% 

Negative test  2.18   0.00   2.19   0.04   2.40   6.81  92% 

Average all test  2.28  0.00   2.23  0.04   2.40   6.95 100% 

 

Cost per category Staff Equipment Consumables Overheads Total % 

Contract notification 
(self-referral, else 
tracing) 

1.5 - 0.10 - 1.60 100% 

Partner notification by 
call 

0.1 - 0.70 - 0.80 100% 

Arrival/registration  0.60   0.00   0.37   0.04   1.02  100% 

Information session  0.32   -     -     -     0.32  100% 

Pre-test counselling  0.63   0.00   0.04   -     0.67  98% 

Test 1  0.32   -     0.80   -     1.12  96% 

Test 2  0.32   -     0.54   -     0.86  12% 

Test 3  1.23   0.00   0.52   0.01   1.77  1% 

Test 4  0.32   -     0.54   -     0.86  1% 

Whole blood draw  0.44   0.00   3.17   0.00   3.61  0% 

Post-test counselling - 
Positive 

 1.26   -     0.98   0.00   2.24  100% 

Negative result 
counselling 

 0.32   -     0.97   -     1.28  100% 
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ANC partners testing 

Average test cost  Staff Equipment Consumables Overheads Demand Total % 

Positive test  2.94   0.01   2.75   0.22   1.00  6.91  3% 

Negative test  1.55   0.20   1.22   1.16   1.00  5.13  97% 

Average all test  1.59 0.19   1.27  1.14  1.00  5.18 100% 

 

Cost per category Staff Equipment Consumables Overheads Total % 

Demand Creation    1.00 1.00 100% 

Arrival/registration  0.60   0.01   0.37   0.20   1.18  100% 

Information session  0.32   -     -     -     0.32  100% 

Pre-test counselling  0.13   0.00   0.04   -     0.17  98% 

Test 1  0.32   -     0.80   -     1.08  96% 

Test 2  0.32   -     0.54   -     0.04  5% 

Test 3  0.32   -     0.52   -     0.01  1% 

Test 4  0.32   -     0.54   -     0.01  1% 

Whole blood draw  0.44   0.00   3.17   0.02   0.00  0% 

Post-test counselling - 
Positive 

 1.26   -     0.98   0.02   2.26  100% 

Negative result 
counselling 

 0.19   0.19   0.00   0.97   0.01  100% 

 
Home-based testing plus an offer of self-testing 

Average test cost  Staff Equipment Consumables Overheads Demand Total % 

Positive test  3.44   0.01   2.75  0.48  2.57 9.27 6% 

Negative test  0.06 0.00  0.04  0.01  2.57  2.68 94% 

Average all test 0.26  0.00  0.20  0.04 2.57 3.08 100% 

 

Cost per category Staff Equipment Consumables Overheads Total % 

Self-test kit and 
self-test  
demonstration* 

- - - 2.57 2.57 100% 

Arrival/registration†  0.60   0.01   0.37   0.29 1.28 2% 

Information session†  0.32   0.00   -     0.10 0.41 2% 

Pre-test counselling†  0.63   0.00   0.04   -     0.68  1% 

Test 1†  0.32   -     0.80   -     1.12  0% 

Test 2†  0.32   -     0.54   -     0.86  0% 

Test 3†  0.32   -     0.52   -     0.84  1% 

Test 4†  0.32   0.00   0.54   0.10 0.96 1% 

Whole blood draw†  0.44   0.00   3.17   0.10  3.71 0% 

Post-test counselling - 
Positive† 

 1.26   -     0.98  0.10  2.33 100% 

* This includes the cost of the self-testing kit. † This cost only applies if the self-test returns a positive test and 
the individual seeks confirmatory testing. 
 

ANC partners testing plus an offer of self-testing 

Average test cost  Staff Equipment Consumables Overheads Demand Total % 
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Positive test  3.44   0.01  2.75   0.22 2.84  9.25  3% 

Negative test  0.06  0.00  0.04 0.01  2.84  2.94 97% 

Average all test 0.16  0.00  0.12  0.01 2.84  3.14 100% 

 

Cost per category Staff Equipment Consumables Overheads Total % 

Self-test kit and 
self-test demonstration* 

   2.84 2.84 100% 

Arrival/registration†  0.60   0.00   0.37   0.05   0.02  2% 

Information session†  0.32   -     -     -     0.01  2% 

Pre-test counselling†  0.63   0.00   0.04   -     0.00  1% 

Test 1†  0.32   -     0.80   -     0.00  0% 

Test 2†  0.32   -     0.54   -     0.00  0% 

Test 3†  0.32   -     0.52   -     0.00  0% 

Test 4†  0.32   -     0.54   -     0.00  0% 

Whole blood draw†  0.44   0.00   3.17   0.02  0.00  0% 

Post-test counselling - 
Positive† 

 1.26   -     0.98   0.02  2.26 100% 

* This includes the cost of the self-testing kit. † This cost only applies if the self-test returns a positive test and 
the individual seeks confirmatory testing. 

 

 

 


