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Background: Previously, The Joint United Nations Programme on
HIV/AIDS estimated proportions of adult new HIV infections
among key populations (KPs) in the last calendar year, globally
and in 8 regions. We refined and updated these, for 2010 and 2022,
using country-level trend models informed by national data.

Methods: Infections among 15–49 year olds were estimated for sex
workers (SWs), male clients of female SW, men who have sex with
men (MSM), people who inject drugs (PWID), transgender women
(TGW), and non-KP sex partners of these groups. Transmission
models used were Goals (71 countries), AIDS Epidemic Model (13

Asian countries), Optima (9 European and Central Asian countries),
and Thembisa (South Africa). Statistical Estimation and Projection
Package fits were used for 15 countries. For 40 countries, new
infections in 1 or more KPs were approximated from first-time
diagnoses by the mode of transmission. Infection proportions among
nonclient partners came from Goals, Optima, AIDS Epidemic Model,
and Thembisa. For remaining countries and groups not represented
in models, median proportions by KP were extrapolated from
countries modeled within the same region.

Results: Across 172 countries, estimated proportions of new adult
infections in 2010 and 2022 were both 7.7% for SW, 11% and 20%
for MSM, 0.72% and 1.1% for TGW, 6.8% and 8.0% for PWID,
12% and 10% for clients, and 5.3% and 8.2% for nonclient partners.
In sub-Saharan Africa, proportions of new HIV infections decreased
among SW, clients, and non-KP partners but increased for PWID;
elsewhere these groups’ 2010-to-2022 differences were opposite. For
MSM and TGW, the proportions increased across all regions.

Conclusions: KPs continue to have disproportionately high HIV
incidence.
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INTRODUCTION
Unequal access to HIV-related prevention and treatment

services for stigmatized and marginalized communities impedes
the global HIV response. Estimates of new HIV infections
among key populations (KPs) and their sexual partners are
critical to monitor progress in the response among communities
most often ignored by programs. However, incidence is difficult
to measure, especially among marginalized and stigmatized
populations, and is not measured nationally among KP.

Since 2016, The Joint United Nations Programme on
HIV/AIDS (UNAIDS) has annually estimated proportions of
new adult HIV infections among KPs globally and for each
UNAIDS region. UNAIDS also published each KP’s relative
risk of acquiring HIV compared with adult men or women
overall. Previously published proportions were point esti-
mates, built on each year’s national HIV estimates, without
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trends. Over the 2016–2021 rounds of estimates, proportions
of new infections among KPs and their sex partners increased.
However, because methods for calculating distributions of
infections, including some input models’ assumptions and
parameters, were continuously updated based on evolving
evidence, these changes did not indicate time trends, and their
publication was annotated with the caveat that these should
not be compared across rounds.1

Increasing incidence had been observed in some KP in
some settings2,3; however, time trends in population distribu-
tions of new HIV infections have not been quantified
systematically, except in select country models. In 2023, the
authors refined the estimation of new infection distributions
among KPs to include temporal comparisons covering the
period since 2010, the baseline for targets set in the 2021
United Nations Political Declaration on HIV/AIDS. This article
describes the methodology and results for years 2010 and
2022, building on the 2023 round of national HIV estimates
(covering data and estimates through 2022) supplemented with
UNAIDS-supported, peer-reviewed, dynamic models where
appropriate.

METHODS
Multiple models and data sources have been used to

estimate trends in new HIV infections among KP for different
countries. Some countries employed multiple models; others
had no modeled KP estimates. We combine results from
available models using a hierarchy to select the best KP trend
model for each country. This section describes the hierarchy
of sources when more than one is available, methods used to
combine and extrapolate model results to countries without
a model, and aggregation to regional estimates.

We calculated numbers and proportions of new infections
among adults (15–49 years throughout this analysis) in each
KP. Incidence rates for each KP were calculated by dividing KP-
specific numbers of new infections by the susceptible popula-
tion. The susceptible population was defined as the group size
estimate minus the number living with HIV. The incidence rate
ratio (IRR) compares the risks of HIV acquisition among KPs
relative to the overall adult population.

All countries that produced a national estimate using
a Spectrum model during the 2023 round of UNAIDS-led
country-derived HIV estimates were included. For countries
not producing an estimate, UNAIDS created one with
publicly available data; results for 172 countries with
a population of at least 250,0004 were available (details in1

Annex on Methods).
New infections were estimated for the following KP,

defined in UNAIDS Global AIDS Monitoring guidelines5:

• Sex workers (SWs)
• Gay men and other men who have sex with men (MSM)
• Transgender women (TGW)
• People who inject drugs (PWIDs).

Although UNAIDS provides guidance, countries use
varying KP definitions.6 For TG people, most available data
(99%) are for women, so all models’ estimates refer to
transgender women only.

For SW, not disaggregated by gender in Global AIDS
Monitoring reporting, most data refer to women. From
Estimates and Projections Package (EPP), AIDS Epidemic
Model (AEM) and one Optima estimates for 2022 plus Cuba’s
case notifications averaged over 2020–2022, male SW
averaged 11% (with a median of 0%) of new infections/
diagnoses among female plus male SW; Goals, Thembisa,
and 8 Optima models modeled only female sex workers
(FSW). In this analysis, we refer to this group as SW, given
that few sources included male SW.

Estimates were made for clients of FSW and sex
partners of KP who themselves are not KP, for example,
noninjecting sex partners of PWID and female partners
of MSM.

New Infections Among KP: Country Estimates
Where available, new adult infections among each KP

and for clients of FSW were retrieved from UNAIDS-
supported, country-level, HIV trend estimation models,
updated annually by national AIDS programs (Fig. 1).

Most national HIV estimates are generated within
Spectrum. Spectrum incorporates several models to estimate
incidence trends, appropriate to different epidemic and
surveillance contexts. Countries with representative preva-
lence data use EPP, in either of two structural options: (1)
Most countries in sub-Saharan Africa (SSA) fit EPP to
historical surveillance data among pregnant women receiving
antenatal care; for recent years, these are complemented with
routine antenatal care–based HIV testing and national house-
hold serosurveys; (2) Other countries use an EPP model
configured to match locally recognized and surveyed KP and
other sentinel (antenatal care or other non-KP) populations.
Thirteen Asian countries use the AIDS Epidemic Model7

(AEM) of transmission between KPs and other groups that
also fits prevalence for each group. High-income countries
and countries with strong HIV/AIDS case and death surveil-
lance use models fitted to these surveillance data, without
distinguishing KPs. South Africa uses a customized trans-
mission model, Thembisa.8

We used estimates of trends in KP new HIV infections,
prevalence, and population size available from EPP, AEM,
and Thembisa models. For countries without KP-stratified
trend estimates, results were sourced from 2 mechanistic
dynamic transmission models:

• Goals, calibrated by Avenir Health based on 2023
Spectrum models, for most high HIV-burden countries9;

• Optima, calibrated by the Burnet Institute in collaboration
with national HIV programs in eastern Europe and central
Asia (EECA) countries to review and prioritize strategic
HIV investments.10

Models are described in Supplemental Digital Content
1, http://links.lww.com/QAI/C175.

The hierarchy for data sources for SSA, Papua New
Guinea, and Haiti was Goals for all countries, except for
South Africa, modeled with Thembisa.

The hierarchy outside of SSA was
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• AEM for 13 countries in Asia;
• Optima for 9 countries in EECA with a national model
updated and calibrated in 2022 distinguishing SW, MSM/
TGW, PWID, and clients11,12;

• EPP, if it distinguished 2 or more locally relevant KPs;
• Case-based surveillance of HIV diagnoses by the mode of
transmission, judged to have reasonably complete modes of
transmission for at least 2 groups, that is, without sub-
stantive underreporting of modes of transmission due to
stigma (details in Supplemental Digital Content 1, http://
links.lww.com/QAI/C175);

• Goals for countries
B without any of the above options (Bhutan, China,

Djibouti, Russia, Montenegro, Yemen, Belize, Bhu-
tan, Costa Rica, the Democratic People’s Republic of
Korea, Egypt, El Salvador, Lebanon, North Macedo-
nia, Syria, Serbia, Uzbekistan);

B with an EPP calibration with MSM representing less
than 0.4% of adults (considered not to be plausible
given WHO/UNAIDS recommended minimum esti-
mated population size for MSM of 1.0% of adult
men)13 (Morocco and Afghanistan);

B with EPP implying an implausibly large decline in new
infections among PWID that was incompatible with an
independent national time trend analysis (Iran14);

B where proportions of new infections among KP from
EPP supplemented with regionally extrapolated pro-
portions for missing groups (clients and nonclient sex
partners) exceeded 100% of EPP-estimated national
infections (Colombia, Nicaragua, Tunisia);

• For PWID in Libya, new infections, population size, and
prevalence in 2010 were taken from an independent
model.15 The implied 26% of new adult infections, which

aligns with diagnoses by the mode of transmission over
2008–2017,16 was applied for both years.

Proportions of new HIV infections or first-time HIV
diagnoses in each KP, out of all new infections, or first-time
diagnoses in the same year among men and women aged
15–49 years were extracted from the above sources. These
proportions were applied to total national adult infections, 2010
and 2022, from each country’s 2023 Spectrum estimate.17,18

Supplemental Digital Content 2, http://links.lww.com/
QAI/C176 details sources used for each indicator and key
assumptions, by KP, country, and year; Supplemental Digital
Content 1, http://links.lww.com/QAI/C175 summarizes the
Guidelines for Accurate and Transparent Health Estimates
Reporting (GATHER) checklist of information collated, used,
and produced. All abbreviations are listed in Supplemental
Digital Content 3, http://links.lww.com/QAI/C207.

New Infections: Nonclient Sexual Partners
To calculate numbers and proportions of new infections

among nonclient, non-KP sexual partners of KP and among
FSW clients, we used the following sources and definitions:

• Goals countries and South Africa: Goals estimates for
nonclient, stable male partners of FSW, stable female
partners of MSM, male and female stable partners of
PWID, and female stable partners of FSW clients.

• AEM countries: AEM estimates for female partners of
MSM and of TGW (separately) and male and female sex
partners of PWID;

• Optima countries: Optima estimates for nonclient male
partners of FSW, female partners of MSM, male and female
partners of PWID, and female partners of FSW clients.

FIGURE 1. Conceptual overview of the data analysis method. All data and procedures apply to populations aged 15–49 years and
are calculated for both 2010 and 2022 from the same source for any given country and population group. Dark green and dark
blue arrows indicate information from country-owned models used for country-owned HIV estimates; light green and light blue
arrows denote information flows from other sources.
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In calculating HIV transmission to non-KP partners of
KP, Goals accounts for the time-varying coverage and impact
of antiretroviral treatment using coverage ratios in KPs relative
to all adults based on surveys in SSA.19 Similarly, AEM
models for some countries stratify ART coverage by KP, based
on KP-specific ART coverage data (details in Supplemental
Digital Content 1, http://links.lww.com/QAI/C175). For male
partners of female KPs in SSA, Goals and Thembisa models
account for coverage of medical male circumcision.

New Infections in KP, Clients and Partners:
Extrapolation to Countries and Groups
Without Data

Several countries had no qualifying model or diagnoses
by the mode of transmission; other countries had a qualifying
source but lacked 1 or more of the groups to be estimated. For
those countries and groups, proportions of adult new
infections in KP were inferred by applying a regional median
proportion for each KP (relative to all adult men and women)
that year, to the total new infections estimated in the national
Spectrum model. Regional median proportions were calcu-
lated from values across countries with national estimates.

Regions were defined using UNAIDS classifications.
Some results are reported for aggregated SSA, that is, East
and southern Africa (ESA) and West and central Africa
(WCA) regions and “non-SSA” regions.

In countries using AEM, which explicitly includes
MSM, FSWs, clients of FSWs, and PWID in its population
structure, any new infection estimate that equaled 0 was
considered a valid and accurate estimate of zero. For EPP, by
contrast, where inclusion of a group depended on data
availability (requiring a minimum of 3 prevalence data points
to estimate the trend), groups not represented in a given
country model were estimated by extrapolating a regional
proportion of new infections, assuming that they are part of
the “remaining population” modeled in EPP, that is, without
overlap with the KPs explicitly modeled in EPP.

New infections among TGW were available from 8 AEM
and 9 EPP countries (Supplemental Digital Content 2, http://
links.lww.com/QAI/C176). Canada, the United States, Aus-
tralia, Singapore, and Cuba recorded TGW as a subpopulation
in new HIV case diagnoses. Goals, Optima, and Thembisa had
no TGW compartment, nor did most EPP models. For
countries without estimates or diagnoses data for TGW, we
assumed that these were (implicitly) incorporated with MSM
(which historically occurred in surveys and surveillance
systems informing models). We allocated these countries’
estimated proportion of new infections among MSM between
MSM and TGW using the median ratio between these two
groups’ new infections across countries with discrete estimates
(EPP or AEM) or case diagnoses20–26 for TGW; the resulting
allocation was 95% MSM and 5% TGW assumed from total
MSM new infections.

Incidence Rate Ratios
As shown in Figure 1, the IRR is calculated as a KP-

specific incidence rate relative to overall adult incidence.

Incidence rates for each KP were calculated by dividing KP-
specific numbers of new infections by the susceptible
population. The susceptible population was defined as the
group size estimate (see the next subsection) minus the
number living with HIV. Numbers of KP members living
with HIV were taken from the same national models used for
new infections estimates and calculated by applying a regional
median prevalence from available model estimates for other
countries in the same region (Fig. 1).

Population Size Estimates
KP size estimates in 2010 and 2022 were taken from

the same country models that were used above. These were
nationally representative size estimates27 for AEM, Thembisa,
and Optima, and medians of nationally representative size
estimates (expressed as proportion of adults in a KP) across
each region for Goals and countries without a model (details
in Supplemental Digital Content 1, http://links.lww.com/QAI/
C175).

For country models that estimated MSM but not TGW,
MSM were split into MSM and TGW as 94% and 6%,
respectively. This is based on the median ratio between the 2
populations’ numbers across countries with a TGW popula-
tion size estimate from an EPP or AEM model.27

HIV Prevalence
For countries without a national model that included

KPs, numbers of people susceptible to HIV infection (the
denominator for IRRs) were calculated as population size
multiplied by 1 minus regional median HIV prevalence.
UNAIDS Western and central Europe and North America
(WCENA) region had only 1 country model (Serbia), which
we supplemented with 2009–2019 prevalence data for FSW,
MSM, TGW, and PWID from a systematic review,28

applying each country’s time constant–pooled prevalence
estimate to both 2010 and 2022. For WCENA countries not
included in this review,28 we used regional medians. FSW
clients in WCENA region were assigned Serbia’s Goals-
estimated prevalence.

RESULTS

New Infections by KPs: Regional Results
A country-specific source was most frequently available

for MSM (149 countries), followed by PWID (137) and SW
(111) (Table 1). Corresponding new infection numbers and
proportions by data source and region are shown in Supple-
mental Digital Content 1, http://links.lww.com/QAI/C175.

In 2022, an estimated 55% of adult (15–49 year) new
HIV infections were among KP and their partners. Table 2
shows estimated new infections by KPs and region, as
absolute numbers of new adult infections (Table 2a), propor-
tions of overall adult new infections (Table 2b), and incidence
rates (Table 2c). Across 172 countries, proportions of new
infections in 2022 were 7.7% for SW, 20% for MSM, 1.1%
for TGW, 8.0% for PWID, 10% for clients of FSW, and 8.2%
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TABLE 1. Distribution of Countries Estimated, by Region and Source of KP Infection Estimates

Region

Sex Workers MSM TGW SUM, by
Method
Used for
MSMGoals AEM Optima

EPP-
Conc Thembisa Diagnoses Extrapolate Goals AEM Optima

EPP-
Conc Thembisa Diagnoses Extrapolate Goals AEM Optima

EPP-
Conc Thembisa Diagnoses Extrapolate

AP 7 13 — 3 — 1 5 7 13 — 3 — 3 3 — 8 — 2 — 2 17 29

CAR 2 — — 4 — 1 3 2 — — 4 — 1 3 — — — 2 — 1 7 10

LA 4 — — 7 — — 6 4 — — 7 — 1 5 — — — 5 — — 12 17

EECA 4 — 9 1 — — 2 4 — 9 1 — — 2 — — — — — — 16 16

MENA 9 — — — — 10 9 — — — — — 10 — — — — — — 19 19

ESA 19 — — — 1 — — 19 — — — 1 — — — — — — — — 20 20

WCA 25 — — — — — — 25 — — — — — — — — — — — — 25 25

WCENA 1 — — — — — 35 1 — — — — 35 — — — — — — 8 28 36

Global 71 13 9 15 1 2 61 71 13 9 15 1 40 23 — 8 — 9 — 11 144 172

PWID Clients of FSW Nonclient partners of KP

Goals AEM Optima
EPP-
Conc

Mumtaz-GR
et al 2018
(LBY) Diagnoses Extrapolate Goals AEM Optima

EPP-
Conc Thembisa Diagnoses Extrapolate Goals AEM Optima

EPP-
Conc Thembisa Diagnoses Extrapolate

AP 7 13 — 1 — 3 5 7 13 — — — — 9 10 13 — — — — 6

CAR 2 — — — — 1 7 2 — — — — — 8 7 — — — — — 3

LA 4 — — 1 — 1 11 4 — — — — — 13 10 — — — — — 7

EECA 4 — 9 1 — — 2 4 — 9 — — — 3 5 — 9 — — — 2

MENA 9 — — — 1 — 9 9 — — — — — 10 9 — — — — — 10

ESA 20 — — — — — — 19 — — — 1 — — 20 — — — — — —

WCA 25 — — — — — — 25 — — — — — — 25 — — — — — —

WCENA 1 — — — — 34 1 1 — — — — — 35 1 — — — — — 35

Global 72 13 9 3 1 39 35 71 13 9 - 1 - 78 87 13 9 - - - 63

Some countries had some KPs estimated from a model but other KPs from extrapolation or diagnoses; hence, results differ slightly when stratified by the source for FSWs, versus MSM, TGW, PWID, or clients. The source for PWID infection estimates in 1 country (Libya) in MENA region
was provided elsewhere.15 For TGW, the allocation as a proportion of a modeled group, including MSM plus TGW for 83 countries, was listed in the “Extrapolate” category. Australia was the one country with a cohort measurement of incidence among (female) SW 21; this was grouped here
under “diagnoses.” Thembisa (for South Africa) did not estimate PWID.
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TABLE 2. New Infections in Adults aged 15–49 Years, as (a) Numbers, (b) Proportions of Overall Adult (15–49 years) Infections, and (c) Rates per 100 Person-Years

Region 2010 2022
(a) SW MSM TGW PWID Clients of

FSW
Non-client
Partners of
KP

Remaining
Population

All 15-49
yr

SW MSM TGW PWID Clients of
FSW

Nonclient
Partners of
KP

Remaining
Population

All 15-49
yr

AP 20,000 82,000 5320 49,000 23,000 16,000 99,000 290,000 17,000 110,000 5690 32,000 8260 30,000 55,000 260,000

CAR 1640 3080 380 100 1090 1410 7440 15,000 1170 2640 360 80 530 1300 6850 13,000

LA 3840 37,000 3220 3490 1350 8710 33,000 91,000 5460 44,000 3830 3050 650 8760 33,000 99,000

EECA 12,000 1670 110 45,000 23,000 11,000 7370 100,000 21,000 4080 210 40,000 48,000 24,000 8610 150,000

MENA 670 4080 260 1110 140 1200 1170 8630 970 7980 420 1320 110 1670 2380 15,000

ESA 43,000 20,000 1280 5050 130,000 25,000 660,000 890,000 21,000 12,000 630 2960 46,000 12,000 310,000 400,000

WCA 46,000 5710 360 5950 24,000 16,000 120,000 220,000 15,000 3970 210 3310 5760 6560 69,000 100,000

WCENA 1730 38,000 1200 4580 110 8690 12,000 66,000 1950 30,000 1130 4180 130 4940 8450 50,000

Global 130,000 190,000 12,000 110,000 200,000 89,000 940,000 16,80,000 84,000 210,000 12,000 87,000 110,000 89,000 490,000 10,90,000

(b)

AP 6.7% 28% 1.8% 17% 7.9% 5.5% 33% 100% 6.6% 42% 2.2% 12% 3.2% 12% 21% 100%

CAR 11% 20% 2.5% 0.6% 7.2% 9.3% 49% 100% 9.0% 20% 2.8% 0.60% 4.1% 10% 53% 100%

LA 4.2% 41% 3.5% 3.8% 1.5% 9.6% 37% 100% 5.5% 45% 3.9% 3.1% 0.66% 8.8% 34% 100%

EECA 12% 1.7% 0.11% 45% 23% 11% 7.4% 100% 15% 2.8% 0.15% 27% 33% 17% 5.9% 100%

MENA 7.8% 47% 3.0% 13% 1.6% 14% 14% 100% 6.5% 54% 2.8% 8.9% 0.77% 11% 16% 100%

ESA 4.8% 2.2% 0.14% 0.57% 14.8% 2.9% 74% 100% 5.2% 3.0% 0.16% 0.74% 11% 3% 77% 100%

WCA 22% 2.7% 0.17% 2.8% 11.2% 7.5% 54% 100% 15% 3.8% 0.20% 3.2% 5.5% 6% 66% 100%

WCENA 2.6% 58% 1.8% 6.9% 0.17% 13% 18% 100% 3.9% 59% 2.2% 8.3% 0.25% 10% 17% 100%

Global 7.7% 11% 0.72% 6.8% 12% 5.3% 56% 100% 7.7% 20% 1.1% 8.0% 10% 8.2% 45% 100%

(c)

AP 0.34 0.47 0.36 1.71 0.1 0.014 0.30 0.65 0.54 1.2 0.022 0.012

CAR 0.56 0.77 1.85 0.4 0.20 0.078 0.36 0.68 1.9 0.27 0.069 0.063

LA 0.26 1.03 1.4 1.4 0.03 0.031 0.25 1.2 1.7 1.1 0.011 0.031

EECA 1.9 0.12 0.11 2.13 0.4 0.066 3.6 0.29 0.31 2.0 0.87 0.10

MENA 0.09 0.42 0.38 0.54 0.004 0.004 0.11 0.68 0.70 0.54 0.003 0.006

ESA 6.2 1.6 1.5 2.5 1.7 0.53 1.6 0.64 0.68 1.0 0.40 0.17

WCA 3.3 0.55 0.50 1.1 0.44 0.10 0.66 0.24 0.26 0.42 0.068 0.035

WCENA 0.10 0.34 0.04 0.20 0.001 0.014 0.08 0.24 0.08 0.11 0.001 0.011

Global 0.97 0.52 0.52 0.25 0.27 0.047 0.53 0.55 0.43 0.85 0.13 0.028

“Remaining population” is defined as the difference between the sum of new infections among KP and their sex partners, and all new infections estimated for the region, based on UNAIDS 2023 national HIV estimates. All
numbers and percentages were rounded to 2 significant digits, before or after the comma, except for values below 0.1, presented with 1 significant digit to reflect relatively large uncertainty.
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for nonclient partners of any KP. In 2022, SW comprised
relatively high proportions of new adult infections in EECA
and WCA (15% in both). The highest proportions of new
infections among clients of FSW were estimated for EECA
(33%) and ESA (11%). For MSM, the proportion of new
infections was highest in WCENA (59%) and the Middle East
and North Africa (MENA) region (54%).

Few new infections among TGW were estimated in all
regions and both years, reflecting their small share of the
population. Their contribution was largest in Latin America
(LA, 3.9% in 2022), MENA and the Caribbean (CAR; both

2.8%). PWID comprised the highest proportions of new
infections in EECA (27%) and Asia and the Pacific (AP, 12%).

Relatively large proportions of new infections occurred
in the remaining populations in ESA (77%) and WCA (66%).

New Infections by KPs:
2010–2022 Differences

The distribution of new HIV infections shifted from
2010 to 2022. The proportion of new infections among MSM
nearly doubled (from 11% to 20%; Table 2b) and rose among

FIGURE 2. Proportional change, 2010 to 2022, in annual new adult infection numbers among KPs: (A) globally; (B) SSA; and (C)
outside of SSA. Yellow lines indicate equality with the reduction in the overall 15- to 49-year-old population (as in the third but
right most bar). Negative percentages indicate a decrease in new infections in 2022 compared to 2010; positive percentages
a higher (increased) number.

TABLE 3. Proportional Change (in %) in the Proportion of Adult New Infections, 2010 Compared with 2022, by KP and Region

Region SW MSM TGW PWID Clients of FSW Nonclient Partners of KPs Remaining Population

AP 21.6 52 23 225 259 113 236

CAR 217 0.5 10 26 242 7.6 7.8

LA 30 10 8.9 220 256 28.0 28.6

EECA 19 66 37 239 43 50 220

MENA 216 14 26 231 252 219 18

ESA 7.2 33 10 29 224 0.1 3.0

WCA 232 43 18 14 251 217 23

WCENA 48 1.7 24 20 50 225 24.9

Global 0.3 72 59 18 218 55 219

Negative percentages indicate a lower (decreased) proportion in 2022 than 2010; positive percentages a higher (increased) proportion.
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PWID (6.8%–8.0%). Infections among TGW increased from
0.72% to 1.1% (most notably so, in AP and WCENA). The
proportional similarity in the 2010-to-2022 difference
between MSM and TGW reflects the assumption that TGW
covered 5% of MSM + TGW infections because they were
not disaggregated in historical surveillance data.

The proportion of new infections was stable among SW
(7.7% both years), whereas it decreased among clients of
FSW (12%–10%) and in the remaining population
(56%–45%).

From 2010 to 2022, overall estimated adult new HIV
infections fell by 35% globally, specifically by 41% in
women and 29% in men.17 The corresponding annual number
of new infections increased by 11% and 3% among MSM and
TGW, respectively, but declined by 24% among PWID and
by 35% among SW (Fig. 2). Globally, new infections among
clients of SW fell 47% (Fig. 2); it did not change for nonclient
partners of KP.

Across regions and KPs, declines were larger (ie, 2022-
to-2010 ratios were smaller) for absolute numbers of
infections (Fig. 2) than for proportions (Table 3), reflecting
that in most regions, the time trend in KP infections was in the
same direction as the trend among adults overall.

In SSA, annual adult new infections fell among all KP
and among clients of FSW. Declines in annual numbers were
proportionally less than the overall 54% decline among
PWID, MSM, and TGW but proportionally more among
SW, clients, and other partners.

Outside of SSA, overall adult new infection numbers
increased by a relative 1% from 2010 to 2022 (decreasing in
AP, CAR, and WCENA but increasing elsewhere; Table 2a
and Fig. 2). Summed across the non-SSA regions, estimated
annual new infections increased from 2010 to 2022 for SW,
MSM, and TGW, FSW clients, and other partners of KP.
Among the KP, annual new infection numbers decreased only
for PWID and increased in all other groups, including among
men in the remaining population (Table 2a and Fig. 2).

Trends in overall new adult and KP infections differed
across regions: for MSM and TGW, proportions of infections
increased in all regions albeit less so in CAR, LA, MENA,
and WCENA than in ESA, WCA, AP, and especially EECA

(Table 3). For SW, the annual number and proportion of adult
infections decreased in WCA, AP, and CAR but increased in
LA, EECA, and WCENA, whereas in MENA, the proportion
decreased but the absolute number increased. For PWID, the
proportion of adult infections decreased especially in AP,
EECA, and MENA, but it increased in WCA, ESA, and
WCENA. Clients experienced increasing proportions of adult
new infections and infection numbers in EECA and WCENA
but decreases in both metrics elsewhere.

Incidence Rate Ratios
IRRs were above 1 for all KPs, and all regions for both

2010 and 2022, except for clients of SWs (Table 4). In other
words, incidence was higher among the KPs compared with
that in the overall adult population.

Globally, in 2022, IRRs for KPs relative to overall adult
population ranged from 0.59 for FSW clients to 23 for MSM.
The ratios decreased in all regions between 2010 and 2022 for
SW except in MENA and for FSW clients except in EECA and
WCENA. By contrast, ratios increased for MSM in all regions
except WCA and WCENA and increased for TGW in all regions
except WCA. For PWID, IRRs decreased in all non-SSA
regions.

DISCUSSION
We estimated that MSM, TGW, and nonclient partners

of KP made up larger proportions of adult new HIV infections
in 2022 compared with 2010, although infection proportions
were stable among SW and probably decreased among their
clients. Results should be interpreted against a background of
decreasing new adult infections overall (35% decline glob-
ally; Fig. 2) and median across countries 23% (Supplemental
Digital Content 2, http://links.lww.com/QAI/C176), although
the decline varied by region. Our analysis concurs with other
research that suggests that in regions with expanding access
to HIV services and declining overall incidence, such as
SSA,1,18 HIV will concentrate in core groups including KP,
whose relative risks for acquiring HIV will increase.29,30

These refined estimates have several strengths. First,
where possible, they are based on national transmission-

TABLE 4. IRRs in KPs Relative to Adult (15–49 years) Men and Women

2010 2022
SW MSM Incl. TG MSM TGW PWID Clients of FSW SW MSM Incl. TG MSM TGW PWID Clients of FSW

AP 31 16 16 13 70 4.7 23 41 42 19 42 3.9

CAR 7.7 10 11 16 4.1 2.8 5.9 13 16 18 3.8 1.2

LA 9.5 33 37 39 49 0.84 8.3 37 42 43 46 0.38

EECA 10 10 10 11 35 0.64 8.0 20 20 21 19 0.85

MENA 14 80 89 76 128 0.35 19 86 94 94 88 0.30

ESA 16 2.5 2.5 2.3 5.8 2.4 11 3.1 3.1 3.2 6.5 1.1

WCA 25 8 7.9 7.2 8.0 2.4 14 5 4.9 5.2 9.4 1.2

WCENA 11 16 21 4.0 18 0.08 7.4 17 19 18.0 6.2 0.11

Global 12 16 19 11 21 0.85 8.9 21 23 20 14 0.59

IRRs are reported as medians across countries. Population size estimates and KP prevalence that were combined with the infection estimates to calculate these IRRs are
summarized in Supplemental Digital Content 1, http://links.lww.com/QAI/C175.
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dynamic mathematical models, which explicitly capture
transmission and turnover across groups. This enforces
consistency in estimates over time, across population groups
and across countries, and is explicit about overlap among
groups. Second, where no model was available, alternative
sources were systematic (eg, national case notifications by the
mode of transmission) or a standardized extrapolation from
regional patterns based on countries with an estimate or
eligible data. The chosen hierarchy of sources assured that
most inputs were derived with consistent methodology,
comparable over the period and across countries, and used
the highest-quality data and inputs available for each country.
Finally, our analysis aggregated from country estimates
instead of only regional levels. Although we did not present
country-level estimates, this reflects a step toward KP
estimates owned by countries.

Our estimates suggest lower proportions of new
infections among KPs, with correspondingly lower IRRs,
than published by UNAIDS between 2016 and 2022.1 This is
principally explained by replacing pre-2010 modes-of-
transmission studies data with up-to-date transmission-
mechanistic models (details in Supplemental Digital Content
1, http://links.lww.com/QAI/C175).

Comparing these revised estimates with independent
meta-analyses of cohort-based HIV incidence and of preva-
lence distributions in population-based studies and models,
we note the following:

• A meta-regression of longitudinal studies among MSM in
SSA estimated a nonsignificant decrease in incidence rates
among MSM over 2005–20203; the IRRs relative to all
men (27–150) were larger than ours (median 2.5–7.9
between the 2 subregions and years). This partially reflects
that our IRRs were expressed relative to men and women
combined (with, in SSA, a higher overall incidence rate
than men alone). Also, incidence studies in this meta-
analysis may have oversampled higher-risk MSM;

• Meta-analyses of FSW cohorts in SSA found declining
incidence rates and stable IRRs over 2010–2020,31 and
prevalence ratios of 1.5–1.8532,33 for clients of FSW
relative to all men. Both are consistent with our results;

• For FSWs and their partners in MENA, a 12-country
modeling study estimated that FSW, their clients, and
spouses of clients comprised 28% of adult infections in
2020,34 similar to our 23% and 19% for SW, FSW clients,
and partners of FSW clients in 2010 and 2022,
respectively;

• Unlike for SW and MSM in SSA, for whom our infection
estimates were supported by empirical meta-analyses,3,31

for PWID, data about incidence and its trends are scarce. A
meta-analysis of data published in 2000–2022 found a 1.7
per 100 person-years global incidence,35 more than our 1.3
per 100 and 0.85 per 100 for 2010 and 2022, with most of
this difference from MENA region. The review, based on
limited temporal data, found no evidence of a shift over
time. Lower incidence among PWID observed in high-
income settings could reflect a larger and earlier impact of
combined prevention and care compared with low- and
middle-income settings.35,36

As a general caveat, annual infection metrics capture
only part of the cumulative population-attributable fractions
of new HIV infections among KP because onward trans-
mission through and beyond current sex partners and net-
works is omitted. Transmission-dynamic models including
those we used also show that because of the turnover from
a KP (ie, when some individuals stop the defining behavior,
eg, stop injecting drugs and other individuals start the
behavior), new infections acquired by KPs accumulate as
prevalent infections in general populations. Therefore, it is
critical to consider the active modes of transmission as
elucidated by this analysis to best design HIV prevention
programs for KP and avert continued transmission.37–41

Limitations and Uncertainty
Proportions of new infections and IRRs varied consid-

erably across countries and years, reflecting heterogeneity of
national epidemics and temporal variations. Some variations
reflect nonrepresentative and incomplete data, imperfect
model assumptions (eg, on turnover), and suboptimal
region-based extrapolations. An example is the high esti-
mated proportion of adult infections among clients of FSW in
Russia (estimated by Goals, fitted to one possibly unrepre-
sentative prevalence measurement among FSW), which
impacts the entire EECA region.

We did not statistically define uncertainty but presume
it is substantial. Quantifying uncertainty in this multimethods
synthesis is a future goal.

Model-specific limitations are outlined in Supplemental
Digital Content 1, http://links.lww.com/QAI/C175. Addi-
tional uncertainties are enumerated below.

First, KP size estimates and turnover data are scarce.
These drive modeled estimates of numbers of infections for
a given prevalence. Data are scarce for TGW, and for MSM
and PWID (Supplemental Digital Content 1, http://links.lww.
com/QAI/C175). For SW and PWID, faster turnover implies
more new infections for a given prevalence; some country
models may have underestimated turnover and new infec-
tions42,43 (Supplemental Digital Content 1, http://links.lww.
com/QAI/C175). Periodic data collection may not be com-
parable over time because of changes in sampling and
inclusion criteria. For MSM, undersampling or missing
younger, lower-risk, and hidden MSM from size estimations
has been a particular challenge.13

Second, there are biases in group sizes and prevalence
trends because of changes in how KP self-identify and how
biobehavioral surveys categorize risks. This is especially true
for TGW and MSM44 but also PWID in countries whose
epidemics started among SW and MSM, with HIV surveil-
lance among PWID started more recently.45 Fundamentally,
most models and surveillance frameworks treat KP as if they
are well-defined distinct populations. In reality, however,
these populations are fluid and may overlap (eg, MSM who
inject drugs), and turnover between the groups may occur not
only in the general population (as assumed by all models) but
also among KPs. The impact of these biases on KP infection
estimates may vary: ignoring overlap among KPs would
cause double counting and overestimation of incident and
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prevalent infections, whereas assuming no turnover among
KP (as opposed to turnover from KP to the general
population) could deflate (prevalent) infections among KP
relative to the general population. Without expanded data
collection (notably, size estimates) for these small double-risk
KPs, these biases are hard to quantify. However, they likely
do not substantively alter the results in terms of KP altogether
—and thereby the programmatic needs.

Third, scarce comparable KP prevalence and incidence
trend data from most countries leaves models undue freedom
in fitting KP-specific trends. Some MSM surveys may
oversample higher-risk men, whereas others oversample
younger MSM with lower prevalence, potentially distorting
the real prevalence in the MSM population at large or the time
trend between successive surveys.46

Fourth, all compartmental models may simulate too
many new infections in long-term heterosexual partnerships
(as opposed to KPs) by assuming all low-risk individual pair
with a new (low-risk) partner every year.47

Fifth, inferring recent infections in KPs from case
diagnoses by the mode of transmission may not be valid.
Case diagnoses in many settings underreported homosexual-
ity and injection drug use as the mode of transmission.48 Until
recently, TGW status was rarely recorded, and TG men often
continue to be absent as a distinct group in reporting.

Finally, missing data for some regions required region-
based extrapolations—notably for TGW, clients and other
non-KP sex partners. Extrapolation is a common approach
and UNAIDS regions broadly reflect interregional epidemic
and health care patterns, except for some (lower-burden)
countries. For example, New Zealand, Australia, Singapore,
and Japan may fit better epidemiologically and programmat-
ically with WCENA than Asia Pacific. Their KP infection
estimates were largely based on national case diagnoses but
resulting IRRs—combining diagnoses-based infections with
regionally extrapolated group sizes—are less certain than for
countries with KP populations and epidemics quantified
within a national estimation framework.

Besides addressing the above limitations, future refine-
ments may include systematic triangulation and reconciliation
across epidemic models anchored in different data types, for
example, prevalence versus case and death surveillance,49

within countries with multiple options. This could include
case diagnoses by the mode of transmission for additional
countries. Additional compartmental transmission
models50–52 could be triangulated, and individual (agent)-
based models could help refine and validate the representation
of dynamic sexual networking effects38,53,54 not explicitly
captured in compartmental transmission and statistical
models.

In conclusion, despite large uncertainties in data inputs
and modeled estimates, this multimethod analysis confirms
that KPs account for considerable proportions of adult new
HIV infections.37 There were probable increases from 2010 to
2022 in the proportion of new HIV infections among KPs in
some regions; MSM and TGW outside of SSA experienced
possible increases in both the proportions and absolute annual
numbers of new HIV infections. This underscores the
importance of offering and creating access to prevention,

testing, and treatment services for these communities. The
results also suggest that effective population-level services
may be contributing to declining infections among some
populations and regions, such as SW and their clients in SSA.
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