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SUPPLEMENT ARTICLE

Comparison of Empirically Derived and Model-Based
Estimates of Key Population HIV Incidence and the

Distribution of New Infections by Population Group in
Sub-Saharan Africa
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Background: The distribution of new HIV infections among
key populations, including female sex workers (FSWs), gay men
and other men who have sex with men (MSM), and people who
inject drugs (PWID) are essential information to guide an HIV
response, but data are limited in sub-Saharan Africa (SSA). We
analyzed empirically derived and mathematical model-based
estimates of HIV incidence among key populations and compared
with the Joint United Nations Programme on HIV/AIDS (UN-
AIDS) estimates.

Methods: We estimated HIV incidence among FSW and MSM in
SSA by combining meta-analyses of empirical key population
HIV incidence relative to the total population incidence with key
population size estimates (KPSE) and HIV prevalence. Dynamic
HIV transmission model estimates of HIV incidence and percent-
age of new infections among key populations were extracted from
94 country applications of 9 mathematical models. We compared
these with UNAIDS-reported distribution of new infections,
implied key population HIV incidence and incidence-to-
prevalence ratios.
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Results: Across SSA, empirical FSW HIV incidence was 8.6-fold
(95% confidence interval: 5.7 to 12.9) higher than total population female
15–39 year incidence, and MSM HIV incidence was 41.8-fold (95%
confidence interval: 21.9 to 79.6) male 15–29 year incidence. Combined
with KPSE, these implied 12% of new HIV infections in 2021 were
among FSW and MSM (5% and 7% respectively). In sensitivity analysis
varying KPSE proportions within 95% uncertainty range, the proportion
of new infections among FSW and MSM was between 9% and 19%.
Insufficient data were available to estimate PWID incidence rate ratios.
Across 94 models, median proportion of new infections among FSW,
MSM, and PWID was 6.4% (interquartile range 3.2%–11.7%), both
much lower than the 25% reported by UNAIDS.

Conclusion: Empirically derived and model-based estimates of
HIV incidence confirm dramatically higher HIV risk among key
populations in SSA. Estimated proportions of new infections among
key populations in 2021 were sensitive to population size assump-
tions and were substantially lower than estimates reported by
UNAIDS.

Key Words: africa, key population, incidence, new infections, female
sex workers, men who have sex with men, people who inject drugs

(J Acquir Immune Defic Syndr 2024;95:S46–S58)

INTRODUCTION
HIV incidence and the number of new infections are key

indicators for tracking progress in the HIV epidemic response.1

Estimates among key populations, including female sex work-
ers (FSW), gay men and other men who have sex with men
(MSM), and people who inject drugs (PWID), guide priorities
on where to focus HIV prevention and treatment programming
to ensure effective and equitable HIV programmes.2

Cohort studies measuring HIV seroconversion of
seronegative individuals, while the gold standard method
for estimating HIV incidence, are costly and challenging to
implement.3 Conducting incidence cohorts among key pop-
ulations is further hindered by small study populations, high
mobility and transient living arrangements, nondisclosure of
risk, and societal marginalisation.4–6 Systematic reviews and
meta-analyses of empirically measured HIV incidence among
key populations in sub-Saharan Africa (SSA) have been
conducted for FSW and MSM.7,8 These analyses find that
HIV incidence among MSM has not declined over time, and
although HIV incidence in FSW has declined since the 1990s,
it remains higher than population incidence among all
women. Estimates of HIV incidence among transgender
women9,10 and PWID11,12 exist, but data are insufficient for
SSA regional-level meta-analyses. No empirical estimates of
HIV incidence exist for transgender men or partners of key
populations in SSA.

Given the challenges and scarcity of empirically measuring
HIV incidence among key populations, estimates of HIV
incidence derived from mathematical models have been used
within national HIV program decision-making, policy planning,
and HIV advocacy. The modes of transmission model, a simple
cross-sectional model that disaggregated the total number of adult
infections by the risk group using key population size estimates
(KPSE) and sexual behavior data, was widely used in SSA to

understand differential HIV risk by the population group.13,14

Although useful for understanding the epidemic in the short term,
the modes of transmission model poorly captured the wider
epidemic impacts of effective HIV interventions among key
populations15 and has been succeeded by transmission dynamic
models which better capture risk over time. These include
goals,16 optima,17 and several country-specific models (for South
Africa,18–21 Eswatini,21 Lesotho,21 Côte d’Ivoire,22,23 Came-
roon,24 Senegal,23 Mali,23 Kenya,25 and Tanzania26).

Since 2014, as part of its global HIV estimates, the Joint
United Nations Programme on HIV/AIDS (UNAIDS) has
published estimates of the percentage of new adult HIV infections
acquired by key populations. The 2022 Global AIDS Update
reported that, in Eastern and Southern Africa (ESA) in 2021, an
estimated 21% of new acquired HIV infections were among key
populations and a further 25% among their sexual partners and
clients. In Western and Central Africa (WCA), 44% of new adult
HIV infections were among key populations and 28% among
their sexual partners and clients.1 These were derived by
combining results from previous applications of the Incidence
Patterns Model,27 Goals,28 or Optima models17 or imputed based
on estimates from other countries in the region. These percentages
have tended to increase over recent reports. The 2018 Global
AIDS Update estimated that 9% and 24% of adult infections in
ESA and WCA, respectively, were among key populations.29 In
ESA between the 2018 and 2022 reports, the estimated proportion
of infections among FSW increased from 2% to 13% and among
their clients and other sexual partners of key populations from 8%
to 26%. The reports do not present time trends or country-specific
changes, but the increasing proportions reflect changes in sources
or assumptions year-to-year and UNAIDS caution against
interpreting updated estimates as a trend.

Considering the large and increasing prominence of the
UNAIDS-reported estimates for global HIV policy and
advocacy, we sought to compare the UNAIDS estimates to
empirical data on HIV incidence among key populations and
population sizes and results from other mathematical mod-
els.7,30 This analysis addresses the following questions: (1)
Are 2021 UNAIDS regional estimates of key population HIV
incidence and the percentage of new infections among key
populations consistent with empirically derived and model-
based estimates? (2) Are estimates of key population HIV
prevalence and population size similar across mathematical
models, and how do these relate to model-estimated percent-
age of new infections? (3) Are HIV incidence rates implied by
UNAIDS-reported estimates for the percentage of infections
among key populations consistent with observed HIV
prevalence from key population surveys?

METHODS
We compared estimates of the HIV incidence rate and

percentage of new adult HIV infections among key popula-
tions between studies empirically measuring HIV incidence
among key populations in SSA,7 mathematical models of
HIV transmission dynamics stratified by key population
calibrated to sub-Saharan African settings, and estimates
reported in the UNAIDS 2022 Global AIDS Update.1
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FIGURE 1. Data workflow for estimating the proportion of new infections and the incidence-to-prevalence ratio. A, UNAIDS regional
estimates of the distribution of new infections. B, FSW and MSM7 empirical incidence studies. KP = key population. Data included
from UNAIDS Global AIDS Update report,1 Spectrum,31 Jones and Anderson et al,8 Stannah et al,7 and Stevens et al.30
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For each source, we combined data from different
settings to derive regional (ESA and WCA) estimates for the
(1) key population HIV incidence rate, (2) number of new key
population infections and their percentage of all new adult
HIV infections, (3) ratio of key population HIV incidence to
sex-matched total population incidence [incidence rate ratios
(IRR)], and (4) ratio of key population HIV incidence to key
population HIV prevalence. Analyses were conducted at the
regional level because empirical incidence data were insuffi-
cient for country-level analyses. This consisted of 2 distinct
workflows: incidence metrics were derived from the UNAIDS
proportion of new infections among key population and the
proportion of new infections among key population were
derived from the empirical incidence measures (Fig. 1).

UNAIDS Estimated Proportions of New
Infections Among Key Populations and
Derived Key Population Incidence Rates

UNAIDS only published estimates for the proportion of
adult new infections among key population and their partners1

and not for the number of new infections, HIV incidence rates,
or population size estimates. To derive estimates for the HIV
incidence rate by key population, we combined the UNAIDS-
reported proportion of infections by key population with
UNAIDS estimates for the total number of infections among
adults (aged 15–49) in 202131 and national estimates for KPSE
and HIV prevalence from a collation and pooled analysis of key
population survey data in SSA by Stevens et al30 (Fig. 1A; see
Tables S1 and S2, Supplemental Digital Content, http://links.
lww.com/QAI/C146).

We aggregated UNAIDS country estimates for the number
of infections in 2021 by region ðr: ESA or WCA) and multiplied
these by the regional key population infection proportions for
each key population (FSW, MSM, or PWID) to calculate the
UNAIDS-implied number of infections by key population:

UNAIDS  new  infectionsKP;r¼ UNAIDS  proportion  of   new 

infectionsKP;r ·Adult  infectionsr  

We then aggregated the national KPSE and HIV preva-
lence estimates from Stevens et al30 to obtain the estimated
number of HIV-negative key population members by region,
used as a denominator for the implied HIV incidence rate:

The UNAIDS-derived key population HIV incidence
rate was divided by the sex-matched region HIV incidence
rate to estimate UNAIDS key population incidence rate ratios
(UNAIDS-IRR). We used total population incidence 15–-
49 years to calculate UNAIDS-IRRs (female incidence for

FSW, male for MSM, and both sexes for PWID), as the
UNAIDS 2022 Global AIDS Update used the total number of
new infections among 15–49 year olds as the denominator to
calculate proportions of new infections among key
populations.

Empirically Derived IRR and Implied
Infections Distribution

We reanalyzed data from a systematic review of
studies that empirically measured HIV incidence among
MSM from Stannah et al7 to estimate IRRs relative to
modeled estimates of male total population incidence
[empirically-derived IRR (E-IRR)]. For each key popula-
tion incidence study, we calculated the IRR relative to
district-age-year–matched total population incidence.
District-level incidence for 2022 was extracted from
UNAIDS district HIV estimates created with the Naomi
model,32 a small-area estimation model that produces
cross-sectional district-level estimates using nationally-
representative household survey and routine antiretroviral
therapy and antenatal health system data.33 District-level
estimates for 1985–2021 were created by extrapolating
2022 estimates parallel to UNAIDS sex-matched national-
level incidence trajectories.31 MSM incidence studies were
commonly restricted to recently sexually active MSM and
primarily recruited young MSM.7 Therefore, we divided
the total population male incidence denominator by the
proportion of all men who were sexually active34 at the
median age of the MSM study or age 22 in the absence of
age information. For MSM incidence studies that did not
report the study participants age range, we assumed 15–29
years. Study IRRs were pooled by mixed-effects meta-
analysis28 with a region fixed effect for ESA and WCA and
study-country-district–nested random effects. Meta-
analysis was conducted using the metafor package in R.35

We conducted sensitivity analysis using national incidence
estimates over time from Spectrum in place of
2022 district-level incidence estimates extrapolated back-
ward over time.

E-IRRs for FSW in ESA and WCA were directly
available from Jones and Anderson et al.8 Insufficient data
were available to estimate E-IRRs for PWID.

We estimated FSW and MSM incidence rates for each
country, c; by multiplying the regional E-IRR times the sex-

matched total population HIV incidence for 2021 from
UNAIDS estimates (Fig. 1B):

Empirical  FSW HIV  incidencec;r

¼ FSW E-IRRr ·National  female HIV  incidencec  

UNAIDS HIV  incidence  rateKP;r  ¼ UNAIDS New  infectionsKP;r
HIV-negative population sizeKP;r  
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Empirical MSM HIV  incidencec;r

¼ MSM E-IRRr ·National male HIV  incidencec  

Numbers of new infections were calculated by multiplying
key population HIV incidence rates times the national number
of HIV-negative key population members from Stevens
et al.30 The proportion of new HIV acquisitions among
FSW and MSM by country was calculated by dividing the
number of new HIV acquisitions among FSW and MSM by
the total number of adult infections (15–49 years) from
UNAIDS national HIV estimates.31,36

Empirical  new  infectionsKP;c ¼ HIV  incidenceKP;c  ·

HIV-negative population sizeKP;c  

To assess the sensitivity of new infection proportion
estimates to KPSE assumptions, we repeated analysis using the
lower and upper 95% credible intervals around the regional
KPSE proportion by key population from Stevens et al.30

Mathematical Model Estimates for the
Distribution of Infections by the
Population Group

We collated outputs from mathematical models that
represented HIV transmission dynamics among key pop-
ulation calibrated to settings in SSA. Population size, the
number of new HIV infections, and HIV prevalence were
extracted for ages 15+ years in 2020 by key population
and for the total population. In total, 9 mathematical
models provided results for 94 settings (see Table S1,
Supplemental Digital Content, http://links.lww.com/QAI/
C146). The Goals model16,28 provided 2 versions reflect-
ing alternative population size assumptions for all 38 SSA
countries (76/94 model results). Optima17 reported results
for 15 SSA countries. Thembisa,18 Stone et al,17 EMOD,20

and Mishra et al21 reported results for South Africa, with
Mishra also reporting Eswatini and Lesotho. Maheu-
Giroux et al37 and 2 models by Silhol et al23,24 reported
results for selected West African settings. All models
reported estimates for FSW. All except EMOD and Mishra
reported estimates for MSM. Only Goals and selected
Optima applications reported estimates for PWID.

Analysis
We compared regional estimates of UNAIDS-IRR,

E-IRR, and the proportion of new infections by key

population derived from UNAIDS estimates, empirical
incidence data, and transmission dynamic mathematical
models. To assess whether the relationship between HIV
incidence and HIV prevalence was similar in model-
based estimates (which reconciled prevalence and inci-
dence within a transmission framework) and empirical or
UNAIDS-derived estimates, we calculated the ratio of
HIV incidence to prevalence by the key population
group.

For model results, we assessed how key population
HIV prevalence and KPSE assumptions influenced new
infection distribution estimates. We compared key pop-
ulation HIV prevalence and KPSEs as a proportion of the
total adult population size (both sexes) in countries with 3
or more transmission model estimates. For model results
for Eswatini, Lesotho, and South Africa (countries with
similar, high prevalence HIV epidemics; 32 total results
from 7 models), we calculated the correlation coefficient
between KPSE proportion for a key population and the
percentage of new infections among key populations to
quantify the association between the percentage of new
infections to population size.

RESULTS

Key Population HIV IRR From UNAIDS
Estimates and Empirical Incidence Studies

UNAIDS 2022 Global AIDS Update estimates of new
infection proportions implied HIV incidence rates of 5.9 per
100 person-years (py) for FSW, 2.3/100 py for MSM, and 7.1/
100 py for PWID in ESA, and 2.5/100 py for FSW, 3.7/100 py
for MSM, and 0.8/100 py for PWID inWCA in 2021 (Table 1).
Across SSA, compared with sex-matched total population HIV
incidence estimates, incidence was 24 times higher among
FSW (ESA: 20 times; WCA: 40 times), 35 times higher among
MSM (ESA: 15 times; WCA: 120 times), and 27 times higher
among PWID (ESA: 32 times; WCA: 17 times).

By comparison, meta-analysis of directly measured key
population HIV incidence relative to matched total population
incidence estimated that among FSW in ESA HIV incidence
was 5.3 times higher [95% confidence interval (CI): 3.7 to
7.6; Table 2] than in matched total population women, and, in
WCA, was 22.4 times higher (95% CI: 11.3 to 44.3).
Applying these E-IRRs to UNAIDS, total national incidence
estimates implied FSW HIV incidence rates of 1.6/100 py in
ESA and 1.4/100 py in WCA (Fig. 2A; Table 2).

Across SSA, empirical incidence estimates among
MSM were 41.8 times higher than in matched total popula-
tion men (95% CI: 21.9 to 79.6; Table 2, see Figure S1,
Supplemental Digital Content, http://links.lww.com/QAI/
C145). Incidence rates were 141.7 times higher in WCA

Empirical  proportion  of   new  infectionsKP;c   ¼ New  infectionsKP;c
Adult  new  infectionsc
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(95% CI: 52.2 to 384.7) and 22 times in higher in ESA (95%
CI: 14.1 to 34.3). MSM HIV incidence rates calculated using
regional E-IRR were 3.3/100 py in ESA and 4.3/100 py in
WCA (Fig. 2A; Table 2). Sensitivity analysis matching to
national-level total population male incidence, instead of
subnational, increased SSA IRR to 50.2 (95% CI: 27.4 to
92.1; see Figure S2, Supplemental Digital Content, http://
links.lww.com/QAI/C145) and the associated MSM HIV
incidence rate to 4.0/100 py.

Proportion of New Infections Acquired by
FSW and MSM

E-IRRs and mathematical model studies implied a smaller
proportion of new infections among FSW than UNAIDS
regional estimates (Fig. 2B). Using extrapolated incidence rates,
3% and 13% of new HIV infections were acquired by FSW in
ESA and WCA, respectively, and 4% and 21% by MSM in
ESA and WCA (Fig. 2B; Table 2; see Tables S4 and S5,

Supplemental Digital Content, http://links.lww.com/QAI/C146).
Together, E-IRR–based estimates implied 12% of new infec-
tions in SSA were among MSM and FSW. Estimates of the
proportion of new infections among key population using
E-IRRs were sensitive to KPSE assumptions. KPSE sensitivity
analysis using the lower and upper 95% CI from Stevens et al
indicated between 9% and 19% of new infections occur among
FSW and MSM in SSA (see Table S7, Supplemental Digital
Content, http://links.lww.com/QAI/C146).

Figure 3 reports the proportion of infections among key
population groups from mathematical models. Across 94
country estimates from 9 models, 3% of new infections in
SSA occurred in FSW [median estimates weighted by
national HIV-positive population size; interquartile range
(IQR) 2%–6%, 2% (IQR 0%–4%) in MSM, and 1% (IQR
0%–2%)] in PWID. The percentage of new infections differed
by region among FSW (ESA: 3% IQR 2%–5%; WCA: 7%
IQR 4%–10%) and MSM (ESA: 1% IQR 0%–3%; WCA: 5%
IQR 3%–16%), but not for PWID.

TABLE 1. Derived Regional KP HIV Incidence Rates From UNAIDS-Reported Proportions of New Infections

KP Region
UNAIDS % of
New Infections*

Total Population
New Infections†

KP New
Infections‡

KPSE
Count§

KP HIV
Prevalence§

Implied
Incidence Rate/

100 py¦
UNAIDS-
IRR¶

KP Incidence to
Prevalence Ratio#

FSW ESA 13% 507,000 65,900 1,610,000 31% 5.9 19.8 0.19

WCA 24% 124,000 29,800 1,400,000 13% 2.5 40.3 0.18

SSA 15% 631,000 94,700 3,070,000 23% 4.0 23.7 0.18

MSM ESA 3% 507,000 15,200 789,000 15% 2.3 15.1 0.15

WCA 18% 124,000 22,400 721,000 16% 3.7 123.2 0.23

SSA 6% 631,000 37,900 1,530,000 16% 2.9 34.7 0.19

PWID ESA 3% 507,000 15,200 275,000 22% 7.1 31.8 0.32

WCA 2% 124,000 2490 339,000 4% 0.8 17.0 0.18

SSA 3% 631,000 18,900 632,000 13% 3.4 27.2 0.27

*Source: UNAIDS Global HIV Estimates 2022, UNAIDS special analysis.1

†Source: UNAIDS Global HIV Estimates 2022, National Spectrum estimates for ages 15–49 in 2021.31

‡Calculated as the proportion of new infections times total new adult infections.
§Source: Stevens et al.30 collation and pooled analysis of KP surveys.
¦Calculated as the number of new KP infections divided by the number of HIV-negative KP members [KPSE · (1 2 HIV prevalence)].
¶Calculated as the implied KP incidence rate divided by the sex-specific total population incidence rate (FSW matched to incidence in women aged 15–49, MSM matched

incidence in men aged 15–49, and PWID matched to incidence in both sexes aged 15–49).
#Calculated as the implied incidence rate divided by KP HIV prevalence.

TABLE 2. Empirical KP Incidence Studies—Derived Regional KP HIV Incidence Rates

KP Region E-IRR*
Sex-Specific Total Population

Incidence/100 py†
KP Incidence/

100 py‡
KP New

Infections§
Total New
Infections†

% of New
Infections¦

Incidence to
Prevalence Ratio¶

FSW ESA 5.3 0.30 1.59 17,700 507,000 3% 0.05

WCA 22.4 0.06 1.36 16,600 124,000 13% 0.10

SSA 8.6 0.17 1.44 34,200 631,000 5% 0.06

MSM ESA 22.0 0.15 3.30 22,100 507,000 4% 0.22

WCA 141.7 0.03 4.25 25,700 124,000 21% 0.27

SSA 41.8 0.08 3.53 45,500 631,000 7% 0.23

*Source: FSW IRR from Jones and Anderson et al,8 MSM IRR from Stannah et al.7

†Source: UNAIDS Global HIV Estimates 2022, National Spectrum estimates for ages 15–49 in 2021.31

‡Calculated as IRR times sex-specific total population incidence rate.
§Calculated as the KP incidence rate multiplied the number of HIV-negative KP members [KPSE · (1 2 HIV prevalence)] from Stevens et al.30

¦Calculated as the number of new KP infections divided by the total number of new infections.
¶Calculated as the KP incidence rate divided by the KP prevalence from Stevens et al.30
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Model Estimates of HIV Prevalence and
Population Size and Association With the
Distribution of New Infections

Modeled HIV prevalence and population size propor-
tions for the same country commonly varied by more than 2-
fold across models in 8 countries with 3 or more models
(Fig. 4). Across 7 models representing the South African
epidemic, FSW KPSE proportions varied 4-fold (0.2%–0.9%)
and MSM KPSE proportions 2-fold (0.4%–1.0%). Restricted
to models for South Africa, Lesotho, and Eswatini, the
percentage of new infections was strongly correlated with
the population size for FSW (R2 = 0.69; Fig. 4C) and PWID
(R2 = 0.94) and only weakly correlated for MSM (R2 = 0.21;
Fig. 4C).

Incidence to Prevalence Ratio
Among FSW in SSA, UNAIDS infection distribution

estimates implied an incidence-to-prevalence ratio of 0.19 (ie,
HIV prevalence among FSW was 5 times higher than annual
incidence) and similar between regions (ESA: 0.19 and WCA
0.18). Incidence-to-prevalence ratios derived from empirical
FSW incidence and prevalence estimates (SSA: 0.06, ESA:
0.05, and WCA: 0.10) or from mathematical models (SSA
median 0.10, ESA 0.12, and WCA 0.09) were 2 to 3 times

lower than the UNAIDS-implied ratio (Fig. 5A, see Table S6,
Supplemental Digital Content, http://links.lww.com/QAI/
C146).

Among MSM, UNAIDS estimates implied an
incidence-to-prevalence ratio of 0.19 for SSA (ESA: 0.15
and WCA: 0.23) which is similar to the empirically based
MSM ratio (SSA: 0.23, ESA: 0.22, and WCA: 0.27) and
much higher than the MSM ratio from mathematical models
(SSA median ratio: 0.03, ESA median: 0.02, and WCA
median: 0.05; Fig. 5B).

UNAIDS incidence-to-prevalence ratios estimates
implied very high ratios for PWID (SSA: 0.27, ESA: 0.32,
and WCA: 0.18), 5 times higher than model estimates from
the Optima and Goals models (SSA median ratio: 0.05, ESA:
0.04, and WCA: 0.07, Fig. 5C).

DISCUSSION
Empirical HIV incidence data and mathematical models

calibrated to data on HIV prevalence by population group
across SSA confirmed that key populations are disproportion-
ately vulnerable to acquiring HIV. Through systematically
triangulating available HIV incidence, HIV prevalence, and
population size data from SSA, we estimated that around 12%
of all new HIV infections in SSA were among FSW and MSM,

FIGURE 2. Extrapolated HIV incidence rates and proportion of new infections among FSW and MSM derived from E-IRR from
systematic review. A, National-level extrapolated HIV incidence rates in FSW and MSM in 2021 in ESA and WCA. Box plots
summarize range of national HIV incidence for 39 countries calculated by multiplying IRR from Jones & Anderson et al8 (FSW) and
Stannah et al7 (MSM) times sex-matched adult HIV incidence from UNAIDS 2022 HIV estimates. B, The percentage of new adult
infections in 2021 that were among FSW and MSM as a proportion of total adult HIV infections from UNAIDS 2021 HIV estimates
resulting from combining extrapolated HIV incidence rates in A with KP size and HIV prevalence estimates from Stevens et al.30

The horizontal dashed line represents the regional UNAIDS estimate of the percentage of new infections by the population group
from the 2022 UNAIDS Global AIDS Update. py, person-years.
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despite comprising only around 1% of adults at risk. In ESA,
where HIV is more prevalent, FSW and MSM accounted for
around 7% of new infections. In WCA, FSW and MSM
accounted for around 34% of new infections. Across mathe-
matical models of HIV transmission dynamics, MSM, FSW,
and PWID constituted 6% of all new infections but with
variation across models and settings. The disproportionate
share of new infections among these populations further

underscores the importance of appropriate and effective
treatment and prevention interventions for these populations
to reduce inequalities and end HIV/AIDS as a public health
threat by 2030.

Although key populations were disproportionately
vulnerable to HIV, estimates for the distribution of HIV
infections among FSW, MSM, and PWID in SSA from
mathematical models and those derived from empirical

FIGURE 3. Comparison of percentage of new adult infections among each KP group in SSA across mathematical models and
empirical sources. A, FSW, (B) MSM, and (C) PWID. Each circle represents 1 country estimate. UNAIDS 2021 regional estimates for
FSW, MSM, and PWID are represented by the horizontal dashed line. Estimates from E-IRR calculated from IRR (Stannah et al7 for
MSM and Jones and Anderson et al8 for FSW) and population size estimates (Stevens et al30) are represented by open circles and
model-based estimates by filled circles. Within each source, the solid red line is the median weighted by national HIV-positive
population size. GF, The Global Fund; KPW, Key Population Workbook.
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FIGURE 4. Heterogeneous model-based KP estimates. Comparison of model-based estimates of HIV prevalence (A) and population size
estimate proportions (B) in 2020 countries selected were those with 3 or more models available. Synthesized surveillance data from
Stevens et al30 represented by black crosses to differentiate from model inputs. KP KPSE proportions are calculated relative to the total
adult population size (both sexes) used in each model. C, Comparison of population size estimate proportion and the distribution of
new infections in models calibrated to Eswatini, Lesotho, and South Africa. Countries selected as they are neighboring countries with
comparable, high prevalence HIV epidemics. Blue line represents the line of best fit and the dotted line represents the line of equality.
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incidence and cross-sectional key population surveys were
substantially lower than the combined 25% reported in the
2022 UNAIDS Global AIDS Update.1 Our estimates were
particularly lower for FSW, among whom UNAIDS reported
15% of new infections, compared with 5% from our analysis.
Identifying the main reasons for these differences is chal-
lenging due to multiple differences in approaches. Owing to
data sparsity about key populations in SSA, previous
UNAIDS estimates had compiled information from disparate
sources for each population group and extrapolated infection

proportions across many countries, without country-specific
nationally adequate information about population sizes,
prevalence, or incidence. Our approach here to analyze and
extrapolate data on the constituent components driving
infections (incidence, prevalence, and population size) in
statistical meta-analyses and mathematical models may pro-
vide an attractive basis for more systematic approaches in
future analyses.38

Mathematical model-based estimates of key population
HIV incidence were calibrated to HIV prevalence but did not

FIGURE 5. Ratio of KP group HIV incidence rate to HIV prevalence in SSA. Each circle represents 1 country estimate. The incidence
to prevalence ratio derived from the UNAIDS regional estimates of the percentage of new infections occurring in FSW, MSM, and
PWID are represented by the red dotted line. Estimates from E-IRR are represented by open circles and model-based estimates by
filled circles. Within each model, the red line is the median weighted by the national HIV population size. GF, The Global Fund;
KPW, Key Population Workbook.
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incorporate empirical incidence estimates in model fitting (but
may have been used as model validation19). Empirically derived
FSW IRR was broadly consistent with model-based estimates of
FSW incidence. However, empirical MSM IRR was higher than
estimated by mathematical models fitted to prevalence data.
Annual incidence rates derived from E-IRR among MSM were
similar to or exceeded matched cross-sectional MSM HIV
prevalence from biobehavioral surveys, which represent cumula-
tive HIV incidence for the full duration at-risk. There are several
potential explanations for this discrepancy. First, MSM surveys
disproportionately recruit young MSM, who may experience
higher infection risk but shorter duration at risk, resulting in
higher observed incidence-to-prevalence ratios than among MSM
across all ages represented by mathematical models.7,39 Second,
cohort studies measuring incidence may disproportionately recruit
or retain higher-risk MSM than those reached in cross-sectional
HIV prevalence or KPSE studies. Third, mathematical models
that represent MSM by a single adult age or risk compartment,
implicitly interpreting MSM surveys which disproportionately
capture young MSM population as representative of all MSM are
likely to misrepresent HIV infections, current burden, or both.
Models that estimate age-specific and duration-specific force of
infection and formally reconcile seroprevalence and incidence
data may be required to estimate HIV incidence and prevent
underestimation of HIV prevention needs for young key
population members or recent risk initiates.38,40

Model-based estimates of the proportion of new infections
among key population were highly correlated with KPSE
proportions, underscoring the importance of KPSE assumptions.
Compared with surveillance methods for HIV prevalence and
antiretroviral therapy coverage, KPSE methods are poorly
standardized, of varying quality, and produce highly heteroge-
neous estimates.6,30,41–43 Calibrating models at national level
requires extrapolation of local (eg, city level) population size
estimates to areas lacking key population surveillance data.44

This is particularly challenging given spatial and temporal
heterogeneity in size estimate proportions among FSW45 and
further increases uncertainty around size estimates.43,45,46

Adopting consensus national-level KPSE developed through
country-led processes by HIV estimates and key population
surveillance teams will be important for overall model appraisal
and consensus estimates for the distribution of new infections
by key population.

Our analysis has focused on estimating the distribution of
annual infections across population groups, similar to UNAIDS-
reported statistics. Substantial research has demonstrated that this
cross-sectional representation of HIV acquisition poorly quantifies
the epidemiological impacts of effective prevention among key
populations by not reflecting network effects and the potential to
avoid onward transmission.15,19,47,48 Counterfactual-based metrics
such as the transmission preventable attributable fraction or
intervention scenario analysis, whose counterfactual scenario
accounts for projected cumulative incidence in all population
groups over a longer time horizon, better reflect the benefits of
HIV prevention efforts among key populations.17,39–41 Our
finding that mathematical models indicated a lower proportion
of infections among key populations than assumed by UNAIDS
does not undermine modeling evidence for prioritized interven-
tions among these populations; the same models reporting results

in this analysis have consistently found large epidemiologic
impact and cost-effectiveness for interventions averting trans-
mission among key populations.19,21–23

This analysis has several limitations. First, 76 of the 94
modeled scenarios used in this analysis were derived from the
Goals model, which was, therefore, disproportionately repre-
sented in the results. However, Goals estimates for the
proportion of infections among FSW and MSM were similar
to models developed to study key population transmission
dynamics in specific settings. Second, E-IRRs used sub-
national total population incidence denominators extrapolated
over time. The extrapolation assumed the proportional change
in incidence at the district level was the same as that at the
national level, and historical subnational estimates may be
highly uncertain. More generally, studies measuring HIV
incidence, prevalence, and population size among key
populations used heterogeneous methods and were usually
in specific urban populations which increased uncertainty in
extrapolating to national estimates. Sensitivity analysis of
MSM E-IRRs (see Figure S2, Supplemental Digital Content,
http://links.lww.com/QAI/C145) and FSW E-IRRs8 using
national-level incidence estimates, informed by surveillance
data over time, indicates that this is unlikely to have
significantly distorted our analysis. Third, to increase com-
parability with UNAIDS-derived and model-based estimates,
we used denominators aged 15–49 to calculate the number of
new infections among key populations. Key population
survey participants typically have a younger age distribution
compared with the total population. Fourth, our derived
estimates for HIV incidence from empirical incidence meta-
analyses and the UNAIDS distribution of new infections
(Fig. 1) relied on national estimates of KPSE and HIV
prevalence from Stevens et al,30 which involved regression
model extrapolations in many countries lacking local key
population surveillance data. Misspecification of these
national estimates, particularly of KPSE, would cause mis-
estimation of the percentage of new infections and the
incidence to prevalence ratio. However, we found that when
using the 95% credible range of KPSE assumptions in
combination with E-IRR, the proportions of new infections
among FSW and MSM were still smaller than those published
in the 2022 UNAIDS Global AIDS Update (see Table S7,
Supplemental Digital Content, http://links.lww.com/QAI/
C146).

CONCLUSION
Empirical incidence data and mathematical models

confirm dramatically higher HIV acquisition risk among
key populations in SSA and a larger proportion of total new
infections occur among in WCA than ESA. Proportion of new
infections among key populations were sensitive to popula-
tion size assumptions. However, triangulation of model-based
estimates and empirical HIV incidence studies suggests the
proportion of new adult infections occurring among key
populations is substantially lower than reported in the
UNAIDS 2022 Global AIDS Update. Model estimates of
the constituent components used to determine infections
(incidence, prevalence, and KPSE) vary widely. Systematic
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data analysis and extrapolation and using transmission
dynamic modeling frameworks that reconcile all available
key population surveillance data may improve the empirical
basis for estimates of new infections among key popula-
tions.38,40 Improved HIV surveillance among key populations
could help to reduce variability and improve robustness of
estimates of the contribution of key population to the HIV
epidemic in SSA.
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