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Abstract: Each year, supported by the Joint United Nations
Programme on HIV/AIDS (UNAIDS), country teams across the
globe produce estimates that chart the state of their HIV epidemics.
In 2023, HIV estimates were available for 174 countries, accounting
for 99% of the global population, of which teams from 150 countries
actively engaged in this process. The methods used to derive these
estimates are developed under the guidance of the UNAIDS
Reference Group on Estimates, Modeling, and Projections (www.
epidem.org). Updates to these methods and epidemiological analyses
that inform parameters and assumptions are documented in
this supplement.
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INTRODUCTION

Each year, supported by the Joint United Nations
Programme on HIV/AIDS (UNAIDS), country teams across
the globe produce estimates that chart the state of their HIV
epidemics. In 2023, HIV estimates were available for 174
countries, accounting for 99% of the global population, of
which teams from 150 countries actively engaged in this
process. The methods used to derive these estimates are
developed under the guidance of the UNAIDS Reference
Group on Estimates, Modeling, and Projections (www.
epidem.org). Updates to these methods and epidemiological
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analyses that inform parameters and assumptions are docu-
mented in biennial special journal editions.'®

This supplement summarizes the methods of tools in
the Spectrum software package—a suite of mathematical
modeling tools used to develop UNAIDS HIV estimates. 01!
Furthermore, the supplement introduces new indicators for
district-level HIV treatment targets'?> and describes updated
methods and epidemiological data to estimate new infections
among key populations, which encompasses sex workers,
men who have sex with men, people who inject drugs,
transgender people, and clients of female sex workers.!3-15 In
addition, we present new epidemiological analyses that
inform model assumptions and parameters, covering topics
including breastfeeding duration among mothers living with
HIV (MLHIV),'¢ mortality rates of those living with HIV on
antiretroviral treatment (ART),!” and trends in antenatal HIV
testing and prevalence.!®1°

Highlights of 2023 HIV Estimates

The most recent results from the HIV estimates are
available at aidsinfo.unaids.org. As of the end of 2022, 39.0
million [uncertainty bounds: 33.1 million—45.7 million] peo-
ple were living with HIV. This number has increased slightly
in recent years, a trend attributed to prolonged life expectancy
because of effective treatment and ongoing new HIV infec-
tions. Fifty-three percent of those living with HIV are women
and girls. Sixty-five percent of people living with HIV
(PLHIV) reside in sub-Saharan Africa; however, only half
of the new HIV infections were in sub-Saharan Africa,
reflecting greater progress at reducing new infections in this
region compared with other parts of the world. There were 1.3
million [1.0 million—1.7 million] new HIV infections in 2022.
Although the number of new infections is declining, the pace
is insufficient to meet the targets set by the United Nations
Political Declaration on HIV/AIDS, which aims for fewer
than 350,000 new infections by 2030. New HIV infections
are still rising in 2 UNAIDS regions, Eastern Europe and
Central Asia, and Middle East and North Africa, predomi-
nantly among men.

One of the most alarming statistics is that there were
630,000 [480,000-880,000] AIDS-related deaths in 2022,
despite the availability of ART. Sixty percent of all AIDS-
related deaths were in sub-Saharan Africa, and 44% were
among women and girls (compared with 53% of all PLHIV).
Women are more likely to be on treatment than men, and men
tend to acquire HIV at older ages than women, placing them
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at an elevated risk of rapid disease progression and
increased mortality.

The UNAIDS estimates also track progress toward the
95-95-95 targets: 95% of PLHIV know their HIV-positive
status, 95% of those who know their status are on treatment,
and 95% of those on treatment are achieving viral suppression.
In 2022, the global achievement against these targets was
86%—89%—93%, a marked improvement from the 71%—67%—
83% estimated in 2015. However, this progress is not
consistent across all populations—an important stipulation in
the Political Declaration on HIV, which aims to end inequal-
ities.?® Among children, the progress toward the targets was
63%—91%—-81%, emphasizing the difficult task of identifying
children who might have acquired HIV during pregnancy or
breastfeeding and not yet diagnosed or interrupted treatment.

Estimation Tools in HIV Modeling

The Spectrum software package is a core tool for nearly
every nation producing HIV estimates. Stover and Glaubius
provide a detailed description of 2 tools in Spectrum!?: the
Demographic Projection Model (DemProj) and the AIDS
Impact Model (AIM). For most countries, DemProj uses
national population estimates and rates of mortality, fertility,
and net migration rates estimated by the United Nations
Population Division World Population Prospects to model the
national population from 1970 through 2030. AIM integrates
HIV incidence estimates from incidence modeling tools to
assess the impacts of HIV and produce key HIV indicators,
such as HIV prevalence and AIDS-related deaths. The choice
of incidence tools is tailored according to the types of HIV
surveillance data available in each country. One such tool, the
AIDS Epidemic Model, is a transmission dynamic model that
provides HIV incidence data to AIM and is used across 13
Asian countries. Brown et al!! describe the structure and data
requirements of this model, with illustrative applications].

Since 2020, UNAIDS has supported countries in sub-
Saharan Africa to estimate PLHIV, treatment coverage, and
new infections at the district level using the Naomi model, a
Bayesian small area estimation model.?! Esra et al'? introduce
new indicators implemented in the Naomi model for the
UNAIDS 2023 estimates, which quantify the estimated
number of PLHIV who would seek care in a district to guide
improved program target setting.

HIV Estimation for Key Populations

Since 2016, UNAIDS has published the distribution of
new HIV infections among key populations, including female
sex workers, men who have sex with men, people who inject
drugs, transgender persons, sex partners of these groups, and
the remaining population. Data were compiled and analyzed
by UNAIDS at global and regional level. However, there are
limited consistent, high-quality empirical data and systematic
empirical methods to inform these estimates.

The research by Stevens et al'* provides important
insights in new HIV infections among key populations in sub-
Saharan Africa. The collation of empirical data on HIV
incidence and mathematical modeling shows a significantly
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higher risk of acquiring HIV among key populations.
Analysis of the empirical data combined with estimates from
transmission models suggests that around 6% of new HIV
infections were among female sex workers, men who have
sex with men, and people who inject drugs.'*

Expanding on this, Silhol et al'> summarize results
from mathematical models of HIV transmission on new
infections among non—key population partners of key pop-
ulations and clients of sex workers. Previously, UNAIDS
used regional infection ratios (the ratio of new infections from
key population members to their partners compared with new
infections among the key population) based on a review of
empirical estimates. Silhol et al'> calculate an improved set of
infection ratios, which aligned with modeled estimates for the
ratio concerning female sex workers. However, the research
suggested lower ratios for men who have sex with men and
people who inject drugs, particularly in Eastern and Southern
Africa, based on the additional model-based estimates.

For progress toward more systematic syntheses of key
population data and estimates from diverse sources, and to
meet global needs for estimates of time trends in HIV
indicators among key populations, Korenromp et al'3 propose
revised methods for producing estimates of new infections by
key population over time. Estimates of the proportions of new
HIV infections in each population group are derived at the
national level for 172 countries (in contrast to regional levels
in previous UNAIDS publications). These are aggregated to
regional and global levels. Proportions are obtained from
transmission dynamic models in 94 countries, country
estimates from Spectrum using the Estimation and Projection
Package tool for estimating HIV incidence by key population
in 15 countries, and in 40 countries, the reporting of new
diagnoses by HIV acquisition risk factor was adequate to
estimate new infections. Globally, the percentage of new HIV
infections that were among key populations and their partners
increased from 44% in 2010 to 55% in 2022.

Epidemiological Analyses to Inform Models

The impact of HIV across different communities and
regions requires precise tools for measurement and prediction.
By integrating detailed epidemiological analyses into these
tools, models can more accurately reflect epidemiologic data
and trends.

Allorant et al'® used data from population-level surveys
to shed light on the trends and determinants of HIV testing
both within and outside antenatal care (ANC) in sub-Saharan
Africa. A significant increase was observed in recent HIV
testing coverage between 2005 and 2021, although there were
significant variations between countries and subregions. In
2005, only 2% of women received an HIV test in the past
24 months as part of ANC, a figure that rose to 11% in 2021.
The study underscores the value of integrating HIV testing
into ANC for eliminating vertical transmission in sub-Saharan
Africa, and importantly, ANC-based HIV testing addresses
inequalities by reaching women from socioeconomically
disadvantaged backgrounds and those residing in rural areas.

Glaubius et al'® systematically analyzed breastfeeding
practices among women living with HIV compared with
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HIV-negative women in sub-Saharan Africa, an important
determinant of mother-to-child transmission. Spectrum’s
estimates of postnatal new child HIV infections depend on
the breastfeeding duration among MLHIV and the associated
risks of vertical transmission during breastfeeding. Using
household survey data, Glaubius et al'® found that, across all
regions, HIV-negative mothers were more likely to breastfeed
and for a longer duration compared with MLHIV. In 2019,
based on these findings, Spectrum assumptions were changed
from assuming the same breastfeeding durations for mothers
with and without HIV to shorter durations for MLHIV,
leading to lower estimates of postnatal mother-to-child HIV
transmission.?! These findings also emphasize the need for
support to enable optimal breastfeeding practices
among MLHIV.

Trickey et al'7 assessed Spectrum estimates of mortality
among PLHIV in European countries, using data from the
Antiretroviral Therapy Cohort Collaboration (ART-CC).
Comparing mortality rates in ART-CC data with the Spec-
trum model, Trickey et al'” found that all-cause mortality
rates in Spectrum were consistent with the mortality observed
in the cohort data for the same period after controlling for age
and country. However, a significant proportion of excess
mortality (mortality over and above the generally population
rates) among PLHIV on ART in ART-CC was due to non-
AIDS causes. This suggests that the current UNAIDS
approach, which uses the difference between total mortality
among PLHIV in treatment cohorts and national reference life
tables to approximate AIDS-related mortality rates, may
overestimate AIDS-related deaths or underestimate total
(non-AIDS) deaths to PLHIV.

Stevens et al'® analyzed HIV surveillance data from
Mozambique to identify critical challenges with using
routine HIV testing data from ANC services to monitor
HIV epidemic trends and estimate the need for prevention of
mother-to-child transmission services. Since 2017, the
reported number of antenatal clients increased more rapidly
than the recorded number of live births and the model-
estimated births. The number of women reported as
receiving antiretrovirals for prevention of mother-to-child
transmission substantially exceeded the estimated number of
births to women living with HIV, coupled with an implau-
sible decline in HIV prevalence. In this study, data from
nationally representative surveys were used to adjust HIV
prevalence data from routine ANC testing, and Spectrum
models fitted to the adjusted data resulted in lower ART
coverage among pregnant women living with HIV in most
provinces and a 35% increase in the estimated number of
new child infections. The study concluded that the number
of children living with HIV in Mozambique might be
grossly underestimated because of inherent biases in routine
ANC testing, which is further compounded by the poor
quality of ANC data.

CONCLUSIONS
Reliable and consensus HIV epidemiological estimates
are the cornerstone for the global response to HIV. The data
and methods used to derive the estimates continually evolve

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc.

in response to emerging data, changing epidemiology and
transmission dynamics, and new strategic information need to
guide and monitor the response.

Although the revised data and methods described here
represent substantial strides and steady improvements, the
quality and confidence in the estimates differ substantially
across locations and populations affected by HIV. Accurate
estimates require appropriate models and epidemiological
analysis, but fundamentally, they depend on high-quality,
timely, and relevant underlying HIV data. However, there is
wide variability in the quality of these foundational data. In
many cases, the regions or populations where progress has
been most limited correspond to areas where the underlying
data informing estimates are the weakest. Multiple rounds of
statistically representative national household surveys in high
HIV burden countries, especially in Eastern and Southern
Africa, provide solid evidence of the effectiveness at reducing
new HIV infections and AIDS-related deaths in the region,
and granular information to continue to optimize programs.
Conversely, in other regions such as Western and Central
Africa, Eastern Europe and Central Asia, the Middle East, and
North Africa, concerning epidemic trends reported in the
global estimates are often belied by scant, outdated, and
inconsistent data.

Meeting global goals to end AIDS requires renewed
commitments to improve data, and improve use of existing
data, to identify, document, and end inequalities, particularly
among those most marginalized and stigmatized. Systemati-
cally analyzing data about key populations, a major focus in
this supplement and recent global research including the
UNAIDS Reference Group on Estimates, Modeling, and
Projections, represents important progress. However, these
efforts are only a first step in a strategy to develop new
modeling tools to ensure that monitoring equity among key
and marginalized populations is at the center of UNAIDS
estimates processes in all HIV epidemic settings. As with all
elements of an effective HIV response, ensuring communities
are partners in understanding and interpreting new data and
models is critical to addressing complexities interpreting these
data, filling critical data gaps, and ensuring data quality,
ownership, and effective use.
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