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Summary
Background The extensive genetic diversity of HIV presents major challenges to treatment and prevention. We aimed 
to estimate the global and regional distribution of HIV-1 subtypes and recombinants during 1990–2024.

Methods We conducted a systematic literature review by searching PubMed, Embase, Global Health, and CINAHL for 
country-specific HIV-1 subtyping data published between Jan 1, 2022, and Jan 22, 2025, and a global survey of the 
Global HIV Molecular Epidemiology Collaboration for unpublished data collected between 2016 and 2024. We 
included primary HIV-1 subtyping data with ≥20 samples and known country and years of sample collection during 
1990–2024. We excluded publications and survey responses that had no or incomplete subtyping data, were restricted 
to specific HIV-1 variants, included superinfections, or used secondary data. These data were combined with HIV-1 
subtyping data previously collected between 1990 and 2021. Data were aggregated by country for six time periods 
(1990–99, 2000–04, 2005–09, 2010–14, 2015–19, and 2020–24). Proportions of HIV-1 subtypes, circulating recombinant 
forms (CRFs), and unique recombinant forms (URFs) were calculated by country and period and were weighted 
using UNAIDS country estimates of numbers of people living with HIV to estimate regional and global HIV-1 variant 
proportions. The systematic review is registered with PROSPERO, CRD42017067164.

Findings HIV-1 subtyping data were available for 1 395 222 samples from 154 countries during 1990–2024. In 2020–24, 
subtype C accounted for 48·7% (95% CI 48·3–49·1) of global HIV-1 infections, followed by subtype A (11·5%; 
10·9–12·1), subtype B (10·3%; 10·0–10·5) URFs (5·3%; 4·4–6·3), CRF02_AG (5·1%; 4·5–5·8), CRF01_AE (5·1%; 
4·8–5·4), other CRFs (3·9%; 3·3–4·5), subtype G (3·1%; 2·1–4·1), subtype D (3·0%; 2·7–3·3), and CRF07_BC 
(2·1%; 2·0–2·1). Subtypes F, H, J, K, and L combined accounted for 1·1% of infections and unspecified recombinants 
for 0·9% (0·7–1·0). HIV-1 variants are differentially distributed across regions, with subtype C dominating in 
southern Africa; Ethiopia, Eritrea, and Djibouti; and south Asia; subtype A in east Africa and eastern Europe and 
central Asia; subtype B in North America, Latin America, and western and central Europe; CRF01_AE in southeast 
Asia; and CRF07_BC in east Asia. Central Africa exhibited the greatest HIV-1 diversity. Global HIV-1 variant 
distributions were broadly stable during 2000–24, but notable regional changes included increases of HIV-1 
recombinants in western and central Europe and of CRF07_BC in east Asia.

Interpretation Global and regional HIV-1 genetic diversity is complex and evolving, affecting the efficacy of diagnostic 
and viral load assays, emergence of drug resistance, and vaccine development. Continued surveillance of 
spatiotemporal trends in HIV-1 genetic diversity is essential.
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Introduction
In 2024, an estimated 40·8 million people were living 
with HIV.1 The advent of antiretroviral therapy (ART) has 
been instrumental in improving life expectancy and 
reducing HIV transmission.1 The number of AIDS-
related deaths fell by 54% to 630 000 from 2010 to 2024, 
and new HIV infections by 40% to 1·3 million.1 However, 
in early 2025, five countries providing over 90% of 
international funding to combat HIV announced 
reductions in aid.2 Funding disruptions could result in as 
many as 3 million excess AIDS-related deaths and 

11 million excess new HIV infections by 2030.2 Gains 
made in the global fight against HIV are fragile, and an 
HIV vaccine, affording long-lasting, universal protection, 
is probably needed to end the HIV pandemic.3

The extensive global genetic diversity of HIV challenges 
efforts to control the HIV pandemic. Since the virus was 
first transmitted from chimpanzees to humans in 
Central Africa in the early 1900s, the pandemic HIV-1 
main (M) group has diversified into ten subtypes (A–D, 
F–H, and J–L).4 The amino acid difference in the envelope 
glycoproteins is estimated at 17% (range 4–30%) within 
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HIV-1 subtypes and at 25% (range 20–36%) between 
subtypes.5 Over time, population movement introduced 
different HIV-1 variants to different parts of the world. 
For instance, subtype B spread from central Africa to 
Haiti in the 1960s, to the USA in the 1970s, and then to 
Europe and Oceania.6 Along the way, HIV-1 continued to 
diversify as an error-prone reverse transcriptase and high 
replication rates introduced mutations, and co-infection 
with multiple strains resulted in recombinant strains.7 
Recombinants are classified as circulating recombinant 
forms (CRFs) if found in at least three epidemiologically 
unrelated people and as unique recombinant forms 
(URFs) otherwise.8 A total of 168 CRFs have been 
identified to date.9

An effective HIV vaccine must account for the genetic 
diversity of HIV-1. For comparison, influenza virus 
requires an updated variant-specific vaccine annually, 
although the global diversity of influenza virus sequences 
in a single year is comparable to the diversity of HIV 
sequences in a single individual at a single time point (up 
to 10%).5 Mosaic HIV vaccines have not yet demonstrated 
efficacy.10 Vaccines targeting specific HIV-1 variants and 
populations, alongside surveillance of circulating HIV-1 
variants, are probably needed.11

HIV-1 genetic diversity also affects HIV diagnosis and 
treatment. Recombinant forms can challenge the 

efficiency of diagnostic and viral load assays.12 HIV 
subtypes and recombinants can differ in rates of disease 
progression and transmission.13 Selective pressure from 
antiretroviral drugs can lead to the emergence of drug 
resistance mutations, which can cause treatment failure.14

For effective HIV treatment and vaccine development, 
understanding the global genetic diversity of HIV is 
essential. Studies show that the global and regional 
distribution of HIV-1 variants is continuing to evolve;15–20 
yet, sources of up-to-date data on global HIV genetic 
diversity are scarce. Sequence databases, including the 
Los Alamos National Laboratory (LANL) HIV Sequence 
Database9 and the Stanford HIV Drug Resistance 
Database,21 contain sequencing information from HIV-1 
samples often collected by researchers for specific 
purposes and are probably not representative of 
populations, limiting their suitability for epidemiological 
study.22 We aimed to assemble published and unpublished 
HIV-1 subtyping data collected worldwide to estimate the 
global and regional distribution of HIV-1 subtypes and 
recombinants during 1990–2024.

Methods
Systematic review 
We searched PubMed, Embase (Ovid), Global Health 
(Ovid), and CINAHL (EBSCOHost) for studies containing 

Research in context

Evidence before this study
The extensive global genetic diversity of HIV-1 presents a major 
challenge to treatment and prevention efforts. Up-to-date 
knowledge of the distribution of HIV-1 subtypes and 
recombinants worldwide is crucial for developing HIV vaccines 
and ensuring viral assays and antiretroviral treatments are 
effective. However, sources of data on global HIV-1 genetic 
diversity are scarce. HIV sequence databases containing 
information on sequenced HIV-1 samples deposited by 
researchers might not be representative of populations. Global 
and regional HIV-1 variant distributions have been previously 
described for 1990 to 2015 and 2010 to 2021, but recent 
estimates are not available. We aimed to estimate global and 
regional HIV-1 variant distributions during 1990–2024 using 
published and unpublished data. We searched PubMed, Embase, 
Global Health, and CINAHL for studies containing country-
specific HIV-1 subtyping data published between Jan 1, 2022, and 
Jan 22, 2025. Search terms included “HIV”, “subtypes”, 
“recombinants”, and their synonyms as subject headings and free 
text words. No exclusions were applied for language or study 
type. We also conducted a global survey to collect unpublished 
data for 2016 to 2024 from researchers working on HIV 
molecular epidemiology worldwide.

Added value of this study
After combining with previously collected data from 
1990 to 2021, we assembled a database of nearly 1·4 million 

subtyped HIV-1 samples from 154 countries collected during 
1990–2024. We combined this country-specific HIV-1 
subtyping data with UNAIDS estimates of the numbers of 
people living with HIV in each country to estimate the global 
and regional distribution of HIV-1 subtypes and recombinants 
over the past 35 years. To our knowledge, this is the largest 
and most up-to-date study of the global distribution of HIV-1 
variants over time. Our study included all published data 
available since 1990, supplemented with unpublished data 
for recent years and for countries with limited published data.

Implications of all the available evidence
We found that the global distribution of HIV-1 variants 
remained broadly stable over the study period, but regional 
differences persisted, and changes in regional distributions 
over time were observed. Changes could reflect differences in 
the biological properties of HIV-1 variants; coverage and 
effectiveness of treatment and prevention interventions; and 
the social, political, economic, and environmental contexts of 
the populations in which different HIV-1 variants spread. 
Ongoing global and regional surveillance is essential for 
effective testing and treatment of HIV. Changing HIV-1 
variant distributions might challenge diagnostic and viral 
load assays, and drug resistance in less common HIV-1 
variants remains understudied. Knowledge of regional HIV-1 
variant distributions is crucial for the development of an HIV 
vaccine.
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HIV subtyping data published between Jan 1, 2022 and 
Jan 22, 2025 (appendix 1 pp 2–5). Search terms included 
“HIV”, “subtypes”, “recombinants”, and their synonyms 
as subject headings and free text words (appendix 1 
pp 2–5). No exclusions were applied for language or study 
type. Search results were screened and duplicate 
references were removed using Covidence software 
(Veritas Health Innovation).23 Screening, full-text review, 
and data extraction were each conducted by at least 
two independent reviewers (AK, LG, LS, XL, and LLLW) 
and discrepancies were resolved through discussion with 
the senior author (JH). This systematic review was 
registered with PROSPERO (CRD42017067164) and 
follows PRISMA guidelines.24

Additional sources were manually searched to collect 
published HIV-1 subtyping data not found through the 
electronic literature search, including tables of contents 
of specialist journals (AIDS; Journal of Virology; AIDS 
Research and Human Retroviruses; Infection, Genetics and 
Evolution; Clinical Infectious Diseases; and Journal of 
AIDS) between Jan 1, 2000, and May 31, 2025, references 
of review articles on HIV genetic diversity, and studies 
indexed on Scopus which referenced previous related 
publications.15–20

Global survey
A survey was developed to gather unpublished subtyping 
data for HIV-1 samples collected for surveillance or 
research purposes between 2016 and 2024 by researchers 
working on HIV molecular epidemiology worldwide. 
The survey was piloted with 14 researchers before being 
distributed to 1071 researchers between Feb 24 and 
March 3, 2025. Contributing researchers consented to 
the use of their data for this study and are listed as 
coauthors. Researchers included members of the Global 
HIV Molecular Epidemiology Collaboration and 
corresponding authors of relevant publications found 
through the current and previous systematic reviews.16,17,20 
The Global HIV Molecular Epidemiology Collaboration 
(previously the WHO–UNAIDS Network for HIV 
Isolation and Characterisation) is a network of 
researchers focused on the surveillance of HIV genetic 
diversity worldwide.

Eligibility criteria
The same eligibility criteria were applied to publications 
and survey responses. We included publications and 
survey responses that contained primary HIV-1 subtyping 
data for ≥20 samples with known country and years of 
sample collection during the 1990–2024 period. Any 
study purpose (eg, genetic diversity and drug resistance), 
study design (eg, cross-sectional and cohort), infection 
status (ie, incident, prevalent, and newly diagnosed), and 
key population (eg, men who have sex with men and 
heterosexual) were eligible. We excluded publications 
and survey responses that had no or incomplete 
subtyping data (eg, provided an aggregated category of 

some variants), were restricted to specific HIV-1 variants 
(eg, only non-subtype B included), included super
infections, or used secondary data (eg, review articles or 
data from the LANL HIV Sequence Database).

Data extraction
Study characteristics; locations and years of sample 
collection; study methods; participant characteristics; 
sequencing and subtyping methods; and the number of 
samples of each HIV-1 subtype, CRF, and URF were 
extracted. We extracted subtyping assignments as were 
reported in publications or shared by survey respondents, 
as we did not have access to the genetic sequences of 
collected samples. If recombinants were not reported as 
CRFs or URFs, they were included as unspecified 
recombinants. In cases where HIV-1 subtyping results 
were available from sequencing of multiple gene regions, 
we prioritised subtyping assignments by full-length 
sequencing. Discordant results were classified as 
recombinants. No patient identifiable data were retrieved. 
Data quality was assessed using a modified version of a 
risk of bias tool for prevalence studies (appendix 1 p 6).25

Data processing
The collected data were combined with a database of 
previously collected published (1990–2021) and 
unpublished (1990–2015) HIV-1 subtyping data to create 
a global HIV-1 molecular epidemiology database of 
subtyped HIV-1 samples collected between 1990 
and 2024.15–17,20 For each country, we manually compared 
the location and years of sample collection, as well as 
contributors and HIV-1 variant distributions, for all 
records to identify and remove duplicate data. In cases of 
overlapping data, the largest and most complete record 
was retained.

Data analysis
Each country was assigned to one of 15 geographical 
regions based on UNAIDS classifications,1 modified 
according to HIV-1 variant distributions (appendix 1 p 7). 
Taiwan and Hong Kong were grouped into China as 
per UNAIDS. For records that spanned multiple years of 
sample collection, HIV-1 subtyping data were split 
equally across all years. Each year-record was assigned to 
one of six time periods (1990–99, 2000–04, 2005–09, 
2010–14, 2015–19, and 2020–24). All data processing and 
analyses were done using R (version 4.4.1).

UNAIDS annual country-level estimates of the 
numbers of people living with HIV26 were used to 
calculate the mean number of people living with HIV in 
each country and time period. These means were 
summed to obtain regional and global numbers. Breadth 
of coverage was calculated as the number of people living 
with HIV in countries for which HIV-1 subtyping data 
were available in a region or globally as a proportion of 
the total number of people living with HIV in that region 
or globally. Depth of coverage was calculated as the 

See Online for appendix 1
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77 references identified through 
      manual literature search 
      (2000–24)
 31 from journal table of 
      contents
14 from article references
 16 shared by researchers 
   4 from Scopus
   9 from a targeted country 
      search
   3 from ad hoc searches

62 survey respondents provided 
       unpublished data (2016–24)

16 508 references identified through 
               electronic literature search 
               (2022–24)

10 317 titles and abstracts screened

1176 full texts assessed

6191 duplicates removed

9141 references excluded

        69 publications
                                               74 records
32 762 samples

           40 respondents
         433 records
271 206 samples

8 references excluded
    4 with an ineligible population
    2 with incomplete subtyping data
    1 with duplicate data
    1 with no year of sample collection

22 respondents excluded
       20 with duplicate data
         2 with ineligible data

                223 publications
            287 records
114 324 samples

         332 publications or respondents 
         794 records
418 292 samples

Total in global HIV molecular 
epidemiology database (3691 records; 
1 403 158 samples)

953 references excluded
          316 with no HIV subtyping data
          210 with incomplete subtyping 
                  data
          138 with an ineligible population
            97 with duplicate data
            81 with unavailable full text 
            52 review articles
            43 with no year of sample 
                  collection 
            16 with no location of sample 
                  collection

Pre-existing database (1990–2021; 
2897 records; 984 866 samples) 

3675 records (1 395 222 HIV-1 
            subtyped samples) in global 
            HIV molecular epidemiology 
            database included in analysis 
            for 1990–2024

16 records (7936 samples) excluded
       9 records (558 samples) were HIV-2 
           or HIV-1 group N, O, or P
        7 records (7378 samples) were 
           outside study period of 
           1990–2024

Figure 1: Flow diagram of 
data collection and database 

assembly



Articles

5www.thelancet.com/infection   Published online May 19, 2026   https://doi.org/10.1016/S1473-3099(26)00142-8

number of subtyped HIV-1 samples in a region or 
globally as a proportion of the total number of people 
living with HIV in that region or globally.

To calculate country-level HIV-1 variant proportions, 
the numbers of samples of each subtype, CRF, and 
URF were aggregated by each country and period and 
divided by the total number of samples in each country 
and period. These country-specific HIV-1 variant 
proportions were multiplied by the UNAIDS estimates 
of the total number of people living with HIV in each 
country to estimate the numbers of people living with 
HIV with each HIV-1 variant by country and period. To 
calculate regional weighted HIV-1 variant proportions, 
the sum of the estimated numbers of people living 
with HIV with each HIV-1 variant across countries in 
each region was divided by the total number of people 
living with HIV residing in countries with HIV-1 
subtyping data in that region. Regional variant 
proportions were multiplied by UNAIDS estimates of 
the total number of people living with HIV in each 
region, including countries without available subtyping 
data, to obtain estimates of the numbers of people 
living with HIV with each HIV-1 variant in each region. 
Global HIV-1 variant proportions were calculated as the 
sum of the estimated numbers of people living with 
HIV with each HIV-1 variant across regions, divided by 
the UNAIDS estimates of the global number of people 
living with HIV. For regional and global proportions, 
95% CIs were calculated using the normal 
approximation to the binomial distribution, with 
variances estimated using Taylor linearisation for 
linear combinations.

Three sensitivity analyses on restricted datasets were 
conducted: including samples from prevalent infections 
only, as incident or newly diagnosed infections might 
have different HIV-1 variant distributions; including 
samples subtyped based on sequencing of the pol gene 
only, as classification of variants can vary based on the 
genes analysed; and including samples from data sources 
assessed as low or medium risk of bias only. 
Three additional sensitivity analyses were conducted on 
modified datasets: allocating samples to the middle year 
for records spanning multiple years of collection; 
weighting each record by its risk of bias score before 
calculating country-level HIV-1 variant proportions; and 
bootstrapping at the country-level (resampling countries 
within regions with replacement) to estimate region-level 
variant proportions (1000 iterations).

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report.

Results
The electronic literature search yielded HIV-1 subtyping 
data from 223 publications, and the manual literature 

search yielded data from 69 publications (figure 1). 
Eligible unpublished data were shared by 40 survey 
respondents. Altogether, published and unpublished 
HIV-1 subtyping data were collected for 418 292 samples. 
After combining with previously collected HIV-1 
subtyping data and excluding non-HIV-1 group M 
samples and samples collected outside the study years 
1990–2024, we assembled a global HIV-1 molecular 
epidemiology database of 1 395 222 subtyped HIV-1 
samples for the period 1990–2024 (figure 1). A table 
summarising our database by country, time period, and 
publication status is provided in appendix 1 (pp 8–11).

HIV-1 subtyping data were mostly collected through 
systematic literature reviews, especially in earlier time 
periods (figure 2A). In 2020–24, nearly two-thirds of data 
were unpublished data collected through the survey 
(65·1%), probably due to the lag time between sample 
collection and publication (figure 2A). For each period, 
samples from western and central Europe and 
North America comprised about half of all samples 
(figure 2B). Since 2000, more than 93·9% of samples 
were genotyped using sequencing and over 76·7% 
genotyped the pol gene fragment (appendix 1 pp 12, 18–21). 
The most commonly used subtyping tools used were the 
REGA HIV-1 subtyping tool, the Stanford HIV Drug 
Resistance Database subtyping tool, and phylogenetic 
analysis (appendix 1 pp 12, 14–17). Nearly three-quarters 
(74·5%) of samples were from prevalent HIV-1 infections 
(appendix 1 p 12). Overall, almost all (94·6%) samples 
were from data sources assessed as low or medium risk 
of bias, with more published sources assessed as low risk 
than unpublished sources (appendix 1 p 13).

HIV-1 subtyping data were available from 154 countries 
during 1990–2024, covering countries harbouring 
88·6–97·6% of the global population of people living with 
HIV in each period (table 1). Breadth of coverage 
exceeded 82·8% for most regions and time periods, except 
for Latin America and southeast Asia in 2020–24, and for 
the Caribbean, Oceania, and Middle East and north Africa 
in multiple time periods. However, the Caribbean, 
Oceania, and Middle East and north Africa comprised the 
lowest numbers of people living with HIV over time 
(0·1–1·0% of global infections; table 1).

Subtyped HIV-1 samples represented 0·3–1·1% of the 
global number of people living with HIV over time 
(table 1). Depth of coverage was highest in western and 
central Europe in each period, and in North America, 
Oceania, and east Asia for periods besides 1990–99 and 
2020–24. Depth of coverage was lowest in regions with 
the highest numbers of people living with HIV, including 
southern, central, east, and west Africa and south Asia, 
as well as Ethiopia, Eritrea, and Djibouti (≤0·3% in each 
period).

In 2020–24, nearly half of global HIV-1 infections were 
subtype C (48·7% [95% CI 48·3–49·1]) and almost a 
quarter were recombinants (22·4% [21·3–23·5]; figure 3A; 
table 2; appendix 1 pp 23–26). Subtype A accounted for 
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11·5% (10·9–12·1) of infections and subtype B for 10·3% 
(10·0–10·5) of infections, followed by URFs (5·3% 
[4·3–6·3]), CRF02_AG (5·1% [4·5–5·8]), CRF01_AE (5·1% 
[4·8–5·4]), other CRFs (3·9% [3·3–4·5]), subtype G (3·1% 
[2·1–4·1]), subtype D (3·0% [2·7–3·3]), and CRF07_BC 
(2·1% [2·0–2·1]). Subtypes F, H, J, K, and L combined 
were responsible for 1·1% (appendix 1 pp 23–26) of 
infections and unspecified recombinants for 0·9% 
(0·7–1·0) of infections. Sensitivity analyses limited to 
prevalent infections, pol sequencing, and low or medium 
risk of bias records, as well as sensitivity analyses allocating 
records to time periods based on the middle year, weighting 
records by risk of bias scores, and bootstrapping at the 

country-level, all showed similar results to the primary 
analysis (appendix 1 p 22).

Over time, there were limited changes in the global 
distribution of HIV-1 variants, especially from 2000 
onwards (figure 3B; table 2; appendix 1 pp 23–26). 
Recombinants increased from 20·8% (95% CI 
20·3–21·3) in 2000–04 to 24·2% (23·9–24·5) in 2010–14, 
before reducing to 22·4% (21·3–23·5) by 2020–24. 
CRF07_BC consistently increased over time, from 0·4% 
(0·3–0·4) in 2000–04 to 2·1% (2·0–2·1) in 2020–24. 
Other CRFs increased from 2·2% (2·0–2·4) in 2000–04 
to 4·9% (4·7–5·1) in 2010–14, before reducing to 3·9% 
(3·3–4·5) in 2020–24.

Figure 2: Distribution of samples in the global HIV-1 molecular epidemiology database, 1990–2024
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The proportions of HIV-1 subtypes and recombinants 
varied greatly between regions (figure 3C; figure 4; table 2; 
appendix 1 pp 23–26). Central Africa consistently had the 
greatest genetic diversity of HIV-1. From 2000–04 to 
2020–24, subtype A decreased (32·8% [95% CI 30·6–35·0] 
to 16·5% [11·9–21·2]), whereas subtype C (9·7% [8·6–10·9] 
to 17·1% (12·0–22·2]) and CRF02_AG (5·7% [4·4–6·9] 
to 14·9% [11·1–18·7]) increased. Subtypes D, F, G, and H 
each accounted for between 3·0% and 10·8% of infections 
over time. Recombinants peaked at 48·6% (46·3–50·9) in 
2005–09, driven mostly by increases in other CRFs and 
URFs, before reducing to about a third of all infections by 
2020–24 (33·8% [28·3–39·2]).

In 2020–24, west Africa had the highest proportion of 
URFs (23·7% [95% CI 14·2–33·3]) of any region and 
period. CRF02_AG accounted for about half of infections 
between 2000–04 and 2015–19 and a third in 2020–24 
(33·4% [27·5–39·3]). Approximately one-fifth of 
infections were subtype G in each period (25·0% 
[15·3–34·7]) in 2020–24) and, since 2000, about 5% were 
subtype A (5·8% in 2020–24 [1·0–10·6]).

Subtype A accounted for about half of infections in east 
Africa in 2020–24 (44·7% [95% CI 42·1–47·4]), similar to 
previous periods. Also similar to previous periods, 
subtype D comprised 20·5% (18·6–22·3) of infections in 
2020–24, subtype C comprised 19·0% (16·9–21·1) of 
infections, and recombinants comprised 14·9% 
(12·9–16·9%) of infections. URFs (7·9% [6·3–9·5]) and 
other CRFs (5·2% [4·3–6·1]) were the key recombinants 
in 2020–24.

Subtype C infections dominated in southern Africa 
(99·5% [95% CI 99·2–99·8]); Ethiopia, Eritrea, and 
Djibouti (97·1% [93·1–100·0]); and south Asia (87·4% 
[85·3–89·6]) in 2020–24, consistent with previous 
periods. In south Asia, 3·1% (2·0–4·3) of infections in 
2020–24 were subtype A, and CRF02_AG increased 
from 0·0% (0·0–0·0) in 2000–04 to 6·1% (5·2–7·1) in 
2020–24.

Most infections in the Middle East and north Africa in 
2020–24 were subtype A (56·3% [95% CI 45·3–67·3]), 
followed by other CRFs (31·8% [20·8–42·8]), predom
inantly CRF35_AD (data not shown). Subtype B decreased 
from 45·2% (38·1–52·3) in 2000–04 to 8·1% (7·4–8·8) in 
2020–24.

Subtype B dominated in North America (86·4% 
[95% CI 82·6–90·1]) and Latin America (79·1% 
[76·9–81·2]) in 2020–24. In North America, 
recombinants increased from 2·1% (1·9–2·3) in 
2000–04 to 11·4% (7·9–15·0) in 2020–24, mainly due to 
URFs (5·6% [3·0–8·2]) and CRF02_AG (5·0% 
[2·6–7·5]). In Latin America, subtype C increased 
from 4·6% (4·3–4·8) in 2000–04 to 6·9% (5·4–8·4) in 
2020–24, whereas subtype F ranged from 2·6% 
(2·4–2·8) to 5·6% (4·2–6·9) of infections over time. 
URFs increased from 3·7% (3·4–3·9) in 2000–04 
to 8·5% (8·2–8·9) in 2015–19, before reducing to 4·4% 
(3·4–5·5) in 2020–24.
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The Caribbean was dominated by subtype B before 
2020 (>84%) but had more unspecified recombinants 
(66·1% [95% CI 53·3–79·1]) than subtype B (32·1% 
[19·5–44·8]) in 2020–24. In Oceania, subtype B comprised 
54·9% (52·8–57·0) of infections in 2020–24, although 
subtype C dominated in half of the periods.

Subtype B accounted for 60·7% (95% CI 58·1–63·3) of 
infections in western and central Europe in 2020–24, 
decreasing from 70·2% (69·8–70·7) in 2000–04. Subtype A 
increased from 3·7% (3·6–3·9) in 2000–04 to 5·7% 
(5·0–6·3) in 2020–24, and recombinants more than 
doubled, from 10·8% (10·4–11·2) in 2000–04 to 22·7% 

(20·3–25·0) in 2020–24 due to increasing CRF02_AG, 
other CRFs, CRF01_AE, and URFs.

Subtype A was responsible for over three-quarters of 
infections in eastern Europe and central Asia in 2020–24 
(75·2% [95% CI 74·0–76·4]), consistent with previous 
periods. Recombinants increased in the region, 
from 2·7% (2·0–3·4) in 2000–04 to 20·0% (18·9–21·1) 
in 2020–24, driven by other CRFs, including 
CRF63_02A1 (data not shown) and CRF02_AG.

Southeast Asia was dominated by CRF01_AE, 
comprising 73·2% (95% CI 68·2–78·1) of infections in 
2020–24. From 2000–04 to 2020–24, there were increases 
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Figure 3: Global distribution of HIV-1 variants, 1990–2024
Distributions represent HIV-1 subtypes, CRFs, and URFs as a percentage of global or regional HIV-1 infections. The surface area of each pie chart on the world map 
corresponds to the relative number of people living with HIV in each region. Countries forming a region are shaded (appendix 1 p 7). Other CRFs refers to all CRFs 
except CRF01_AE, CRF02_AG, and CRF07_BC. CRFs=circulating recombinant forms. URFs=unique recombinant forms.
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HIV-1 subtypes CRFs URFs Unspecified 
recombinants

Total 
CRFs*

Total 
recombinants

A B C D F G H J K L CRF01_
AE

CRF02_
AG

CRF07_BC Other

Global

1990–99 19·4% 11·9% 45·4% 6·4% 0·6% 3·6% 0·5% 0·2% 0·1% 0·0% 4·4% 3·2% 0·1% 0·4% 3·5% 0·2% 8·2% 11·9%

2000–04 12·5% 9·8% 47·9% 4·4% 0·5% 3·8% 0·2% 0·1% 0·0% 0·0% 5·2% 6·9% 0·4% 2·2% 5·7% 0·4% 14·7% 20·8%

2005–09 10·8% 10·7% 48·6% 3·3% 0·4% 2·5% 0·2% 0·1% 0·0% 0·0% 5·9% 8·3% 0·7% 3·5% 4·3% 0·7% 18·3% 23·3%

2010–14 10·9% 10·8% 47·0% 3·7% 0·6% 2·6% 0·1% 0·1% 0·1% 0·0% 5·7% 7·8% 0·9% 4·9% 4·0% 0·9% 19·3% 24·2%

2015–19 12·2% 10·3% 47·4% 3·1% 0·8% 3·0% 0·2% 0·0% 0·0% 0·0% 5·8% 7·1% 1·4% 4·8% 2·8% 1·1% 19·1% 22·9%

2020–24 11·5% 10·3% 48·7% 3·0% 0·7% 3·1% 0·2% 0·1% 0·1% 0·0% 5·1% 5·1% 2·1% 3·9% 5·3% 0·9% 16·2% 22·4%

North America

1990–99 1·3% 96·1% 0·9% 0·1% 0·1% 0·1% 0·0% 0·0% 0·0% 0·0% 0·5% 0·4% 0·0% 0·2% 0·3% 0·0% 1·1% 1·4%

2000–04 0·7% 95·0% 1·6% 0·2% 0·3% 0·2% 0·0% 0·0% 0·0% 0·0% 0·4% 0·7% 0·0% 0·1% 0·9% 0·0% 1·2% 2·1%

2005–09 0·7% 94·8% 1·7% 0·2% 0·1% 0·3% 0·0% 0·0% 0·0% 0·0% 0·5% 0·9% 0·0% 0·3% 0·2% 0·3% 1·8% 2·2%

2010–14 0·7% 94·8% 1·7% 0·2% 0·1% 0·4% 0·0% 0·0% 0·0% 0·0% 0·5% 0·9% 0·1% 0·4% 0·1% 0·2% 1·9% 2·2%

2015–19 0·6% 96·0% 1·6% 0·1% 0·1% 0·2% 0·0% 0·0% 0·0% 0·0% 0·4% 0·5% 0·0% 0·2% 0·2% 0·0% 1·2% 1·4%

2020–24 0·6% 86·4% 0·9% 0·1% 0·1% 0·5% 0·0% 0·0% 0·0% 0·0% 0·6% 5·0% 0·0% 0·2% 5·6% 0·0% 5·8% 11·4%

Caribbean

1990–99 0·0% 89·0% 0·6% 5·6% 0·2% 1·4% 0·2% 0·2% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 2·8% 0·0% 0·0% 2·8%

2000–04 0·0% 96·9% 0·3% 0·0% 0·0% 0·2% 0·1% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 1·3% 1·0% 0·0% 1·4% 2·4%

2005–09 0·2% 96·0% 0·4% 0·1% 0·0% 0·3% 0·1% 0·0% 0·0% 0·0% 0·0% 0·1% 0·0% 2·2% 0·6% 0·0% 2·2% 2·9%

2010–14 0·5% 88·1% 1·0% 0·3% 0·0% 1·0% 0·2% 0·0% 0·0% 0·0% 0·0% 0·1% 0·0% 6·6% 2·0% 0·0% 6·8% 8·8%

2015–19 0·1% 84·1% 0·4% 1·1% 0·0% 0·2% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 4·1% 1·5% 8·6% 4·1% 14·1%

2020–24 0·0% 32·1% 1·7% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·1% 0·0% 66·1% 0·1% 66·2%

Latin America

1990–99 0·0% 87·4% 2·2% 0·1% 7·3% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·8% 2·0% 0·2% 0·8% 3·0%

2000–04 0·0% 84·8% 4·6% 0·1% 4·3% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 1·5% 3·7% 1·1% 1·5% 6·3%

2005–09 0·0% 81·4% 4·9% 0·1% 2·6% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·1% 0·0% 1·6% 5·8% 3·4% 1·7% 10·8%

2010–14 0·1% 78·5% 5·4% 0·1% 4·1% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·2% 1·0% 2·3% 6·9% 1·3% 3·5% 11·7%

2015–19 0·0% 76·9% 6·9% 0·1% 5·4% 0·0% 0·0% 0·0% 0·0% 0·0% 0·1% 0·2% 0·0% 1·0% 8·5% 0·8% 1·3% 10·6%

2020–24 0·2% 79·1% 6·9% 0·5% 5·6% 0·2% 0·0% 0·0% 0·0% 0·0% 0·1% 0·2% 0·0% 1·5% 4·4% 1·2% 1·9% 7·5%

Western and central Europe

1990–99 6·4% 75·8% 3·3% 1·0% 3·7% 3·5% 0·2% 0·1% 0·0% 0·0% 0·8% 2·3% 0·0% 0·9% 1·2% 0·2% 4·0% 6·1%

2000–04 3·7% 70·2% 6·8% 1·4% 3·7% 3·2% 0·1% 0·1% 0·0% 0·0% 1·2% 4·9% 0·0% 1·8% 1·5% 1·1% 8·0% 10·8%

2005–09 3·7% 64·7% 6·6% 1·7% 3·6% 3·1% 0·0% 0·0% 0·0% 0·0% 1·7% 7·6% 0·1% 2·8% 2·9% 3·4% 12·2% 16·4%

2010–14 3·9% 62·7% 6·2% 0·6% 4·5% 2·8% 0·1% 0·0% 0·0% 0·0% 1·7% 9·4% 0·1% 3·7% 2·4% 1·3% 14·9% 19·2%

2015–19 4·9% 51·5% 16·0% 0·5% 5·2% 2·3% 0·1% 0·0% 0·0% 0·0% 1·7% 10·1% 0·1% 4·1% 2·0% 0·8% 16·0% 19·4%

2020–24 5·7% 60·7% 5·0% 0·3% 3·6% 2·0% 0·0% 0·0% 0·0% 0·0% 2·5% 10·4% 0·1% 4·5% 2·5% 1·2% 17·5% 22·7%

Eastern Europe and central Asia

1990–99 65·8% 19·5% 2·9% 1·4% 0·0% 4·5% 1·0% 0·0% 0·0% 0·0% 0·1% 0·4% 0·0% 3·6% 0·7% 0·1% 4·1% 4·9%

2000–04 80·0% 15·0% 1·2% 0·5% 0·0% 0·5% 0·0% 0·0% 0·0% 0·0% 0·1% 0·2% 0·0% 1·8% 0·6% 0·0% 2·1% 2·7%

2005–09 86·3% 8·1% 0·1% 0·0% 0·1% 0·6% 0·0% 0·0% 0·0% 0·0% 0·1% 1·6% 0·0% 2·7% 0·5% 0·0% 4·3% 4·8%

2010–14 82·2% 8·8% 0·7% 0·0% 0·0% 0·7% 0·0% 0·0% 0·0% 0·0% 0·1% 1·7% 0·0% 3·5% 2·2% 0·1% 5·3% 7·6%

2015–19 80·7% 5·4% 0·2% 0·0% 0·0% 0·5% 0·0% 0·0% 0·0% 0·0% 0·1% 2·5% 0·0% 8·2% 2·2% 0·2% 10·8% 13·1%

2020–24 75·2% 4·0% 0·1% 0·1% 0·1% 0·6% 0·0% 0·0% 0·0% 0·0% 0·1% 5·8% 0·0% 12·9% 1·2% 0·0% 18·8% 20·0%

South Asia

1990–99 0·8% 9·4% 88·8% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·9% 0·0% 0·0% 0·9%

2000–04 1·2% 0·4% 97·7% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·2% 0·0% 0·0% 0·0% 0·3% 0·0% 0·0% 0·6%

2005–09 1·9% 0·9% 95·4% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·1% 0·2% 0·0% 0·1% 1·3% 0·0% 0·4% 1·7%

2010–14 3·9% 2·5% 87·7% 0·0% 0·0% 0·1% 0·0% 0·0% 0·0% 0·0% 0·1% 0·3% 0·0% 0·1% 4·3% 1·1% 0·5% 5·9%

2015–19 4·8% 0·5% 90·6% 0·0% 0·0% 0·1% 0·0% 0·0% 0·0% 0·0% 0·3% 1·4% 0·0% 0·5% 1·6% 0·2% 2·2% 4·0%

(Table 2 continues on next page)



Articles

11www.thelancet.com/infection   Published online May 19, 2026   https://doi.org/10.1016/S1473-3099(26)00142-8

HIV-1 subtypes CRFs URFs Unspecified 
recombinants

Total 
CRFs*

Total 
recombinants

A B C D F G H J K L CRF01_
AE

CRF02_
AG

CRF07_
BC

Other

(Continued from previous page)

2020–24 3·1% 1·5% 87·4% 0·1% 0·0% 0·1% 0·0% 0·0% 0·0% 0·0% 0·1% 6·1% 0·0% 0·6% 0·9% 0·1% 6·8% 7·7%

Southeast Asia

1990–99 0·1% 18·9% 0·9% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 77·5% 0·0% 0·0% 0·0% 2·4% 0·2% 77·5% 80·1%

2000–04 0·2% 9·6% 2·0% 0·1% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 83·8% 0·1% 0·0% 0·4% 3·5% 0·3% 84·3% 88·1%

2005–09 0·2% 5·1% 1·6% 0·1% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 85·3% 0·4% 0·0% 0·9% 5·5% 1·0% 86·6% 93·0%

2010–14 0·1% 11·9% 0·8% 0·1% 0·0% 0·1% 0·0% 0·0% 0·0% 0·0% 72·0% 0·7% 0·2% 6·5% 7·0% 0·6% 79·5% 87·0%

2015–19 1·4% 7·2% 4·9% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 80·4% 0·4% 0·3% 0·2% 3·3% 1·8% 81·3% 86·5%

2020–24 0·4% 2·1% 0·9% 0·1% 0·1% 0·4% 0·0% 0·0% 0·0% 0·0% 73·2% 0·3% 3·1% 2·8% 16·7% 0·0% 79·4% 96·1%

East Asia

1990–99 0·6% 46·6% 3·5% 0·1% 0·1% 0·4% 0·0% 0·0% 0·0% 0·0% 31·6% 0·4% 8·6% 4·8% 1·8% 1·2% 45·5% 48·6%

2000–04 0·5% 38·1% 2·2% 0·1% 0·0% 0·1% 0·0% 0·0% 0·0% 0·0% 27·2% 0·4% 13·1% 13·1% 4·8% 0·5% 53·7% 59·1%

2005–09 0·1% 34·3% 2·0% 0·1% 0·0% 0·2% 0·0% 0·0% 0·0% 0·0% 31·8% 0·4% 20·2% 7·2% 3·2% 0·6% 59·5% 63·3%

2010–14 0·1% 20·7% 1·6% 0·0% 0·0% 0·1% 0·0% 0·0% 0·0% 0·0% 39·9% 0·2% 24·5% 8·9% 3·5% 0·5% 73·5% 77·5%

2015–19 0·1% 8·6% 0·9% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 36·6% 0·2% 35·1% 13·8% 3·8% 0·7% 85·7% 90·2%

2020–24 0·3% 7·7% 1·3% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 26·3% 0·1% 48·1% 12·6% 3·5% 0·1% 87·1% 90·7%

Oceania

1990–99 2·2% 80·7% 8·2% 0·0% 0·0% 0·9% 0·0% 0·0% 0·0% 0·0% 8·0% 0·0% 0·0% 0·0% 0·0% 0·0% 8·0% 8·0%

2000–04 0·2% 31·7% 64·8% 0·1% 0·1% 0·0% 0·0% 0·0% 0·0% 0·0% 2·8% 0·2% 0·0% 0·1% 0·1% 0·0% 3·1% 3·1%

2005–09 0·7% 82·2% 6·1% 0·2% 0·1% 0·2% 0·0% 0·0% 0·0% 0·0% 8·7% 0·7% 0·0% 0·2% 1·0% 0·0% 9·6% 10·6%

2010–14 0·2% 22·0% 74·2% 0·1% 0·0% 0·1% 0·0% 0·0% 0·0% 0·0% 2·7% 0·3% 0·0% 0·1% 0·3% 0·0% 3·1% 3·4%

2015–19 0·7% 16·6% 76·6% 0·1% 0·2% 0·1% 0·0% 0·0% 0·0% 0·0% 4·7% 0·2% 0·1% 0·2% 0·5% 0·0% 5·3% 5·8%

2020–24 2·8% 54·9% 18·1% 0·1% 0·3% 0·8% 0·0% 0·0% 0·0% 0·0% 18·0% 2·0% 0·0% 0·4% 2·5% 0·0% 20·4% 22·9%

Middle East and north Africa

1990–99 7·2% 10·6% 26·9% 44·8% 0·0% 0·1% 0·0% 0·0% 0·0% 0·0% 0·0% 1·4% 0·0% 0·0% 8·9% 0·0% 1·4% 10·3%

2000–04 41·0% 45·2% 0·8% 0·5% 0·3% 0·5% 0·0% 0·0% 0·0% 0·0% 0·3% 6·7% 0·0% 1·7% 3·0% 0·0% 8·7% 11·7%

2005–09 32·3% 39·3% 0·4% 0·0% 0·2% 1·1% 0·0% 0·0% 0·0% 0·0% 1·7% 5·8% 0·0% 3·4% 0·3% 15·5% 10·9% 26·6%

2010–14 2·8% 23·2% 1·6% 0·4% 0·1% 0·3% 0·0% 0·0% 0·0% 0·0% 0·4% 8·5% 0·1% 61·8% 0·8% 0·0% 70·8% 71·6%

2015–19 4·7% 23·8% 5·6% 0·9% 0·0% 1·0% 0·0% 0·0% 0·0% 0·0% 0·8% 21·8% 0·0% 38·3% 3·0% 0·0% 60·9% 63·9%

2020–24 56·3% 8·1% 0·4% 0·0% 0·0% 0·1% 0·0% 0·0% 0·0% 0·0% 0·6% 2·4% 0·0% 31·8% 0·2% 0·0% 34·8% 35·1%

West Africa

1990–99 48·4% 0·1% 0·7% 1·0% 0·9% 22·1% 0·1% 0·2% 0·0% 0·0% 0·2% 22·7% 0·0% 0·5% 3·2% 0·0% 23·4% 26·5%

2000–04 6·9% 0·1% 0·9% 0·9% 0·6% 22·2% 0·1% 0·1% 0·0% 0·0% 1·0% 47·2% 0·0% 7·3% 12·6% 0·0% 55·5% 68·0%

2005–09 4·0% 0·3% 0·8% 1·4% 0·7% 15·0% 0·1% 0·1% 0·0% 0·0% 0·2% 57·3% 0·0% 10·5% 9·4% 0·2% 68·0% 77·6%

2010–14 3·6% 0·3% 0·7% 1·0% 0·6% 16·7% 0·1% 0·0% 0·0% 0·0% 0·6% 57·8% 0·0% 7·4% 10·3% 1·0% 65·8% 77·1%

2015–19 5·9% 1·6% 0·4% 0·8% 0·6% 21·9% 0·0% 0·0% 0·0% 0·0% 0·1% 55·8% 0·0% 6·7% 5·0% 1·2% 62·6% 68·8%

2020–24 5·8% 0·1% 0·3% 0·6% 0·8% 25·0% 0·0% 0·0% 0·0% 0·0% 0·2% 33·4% 0·0% 9·9% 23·7% 0·0% 43·6% 67·3%

East Africa

1990–99 48·8% 0·0% 10·6% 28·5% 0·1% 0·6% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·5% 10·2% 0·6% 0·6% 11·4%

2000–04 41·3% 0·0% 21·2% 17·1% 0·1% 0·6% 0·0% 0·0% 0·0% 0·0% 0·0% 0·2% 0·0% 0·8% 16·7% 1·9% 1·0% 19·6%

2005–09 50·7% 0·2% 15·6% 19·0% 0·0% 0·4% 0·0% 0·0% 0·0% 0·0% 0·3% 0·2% 0·0% 2·9% 8·3% 2·3% 3·4% 14·0%

2010–14 48·3% 0·3% 16·0% 21·4% 0·0% 0·7% 0·0% 0·2% 0·0% 0·0% 0·7% 0·1% 0·0% 5·4% 5·0% 1·9% 6·2% 13·1%

2015–19 48·5% 0·9% 17·1% 21·2% 0·0% 1·0% 0·0% 0·0% 0·1% 0·0% 0·3% 0·2% 0·0% 2·9% 4·0% 3·7% 3·5% 11·2%

2020–24 44·7% 0·3% 19·0% 20·5% 0·0% 0·6% 0·0% 0·0% 0·0% 0·0% 0·1% 0·2% 0·0% 5·2% 7·9% 1·5% 5·5% 14·9%

Ethiopia, Eritrea, and Djibouti

1990–99 0·4% 0·4% 88·6% 0·4% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 10·2% 0·0% 0·0% 10·2%

2000–04 1·3% 0·0% 95·3% 0·5% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·3% 0·0% 0·0% 2·7% 0·0% 0·3% 2·9%

2005–09 0·2% 0·2% 97·9% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 1·1% 0·0% 0·0% 0·1% 0·5% 1·1% 1·7%

2010–14 0·4% 0·2% 98·7% 0·2% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·1% 0·0% 0·0% 0·4% 0·0% 0·1% 0·5%

(Table 2 continues on next page)
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in URFs (3·5% [2·3–4·6] to 16·7% [12·0–21·4]), 
CRF07_BC (0·0% [0·0–0·0] to 3·1% [2·2–4·0]), and 
other CRFs (0·4% [0·3–0·6] to 2·8% [1·9–3·7]).

In east Asia in 2020–24, about half of infections were 
CRF07_BC (48·1% [95% CI 47·6–48·6]), nearly triple since 
2000–04 (13·1% [12·2–14·0]). Over a quarter of infections 
were CRF01_AE (26·3% [25·8–26·7]), followed by other 
CRFs (12·6% [12·3–13·0]) including CRF08_BC and 
CRF55_01B (data not shown). Subtype B decreased 
from 38·1% (36·7–39·4) in 2000–04 to 7·7% (7·4–8·0) in 
2020–24.

Discussion
To the best of our knowledge, this analysis of nearly 
1·4 million HIV-1 samples from 154 countries provides 
the largest and most up-to-date global synthesis of HIV-1 
molecular epidemiology over the past 35 years. Overall, 
the global distribution of HIV-1 subtypes and recombinants 
remained broadly stable between 2000 and 2024, with 
subtype C accounting for nearly half of infections and 
subtypes A and B for about a tenth of infections each, 
consistent with previous studies.17,20 Marked regional 
heterogeneity persisted, with distinct HIV-1 variants 
dominating across regions and the greatest genetic 
diversity observed in central Africa. Important regional 
shifts in HIV-1 variant distributions were identified over 
time, particularly due to increasing recombinants in 
western and central Europe and east Asia.

In 2020–24, over a third of HIV infections in western 
and central Europe were attributable to non-subtype B 

variants, a region historically dominated by subtype B. 
This change was mainly driven by increasing 
recombinants, including CRF02_AG and other CRFs, 
and is distinct from North America, where subtype B 
continues to contribute over 86% of infections. In 
previous analyses, the high and increasing proportion of 
recombinants in western and central Europe had not 
been apparent, as western and central Europe and 
North America were combined into one region.17,18,20 Non-
subtype B infections in Europe have previously been 
associated with immigration from Africa and eastern 
Europe.27–29 For instance, CRF02_AG, which dominates 
in west Africa, accounted for higher proportions of 
infections among people with HIV who immigrated to 
Spain,29 Portugal,28 and Belgium,27 compared with 
individuals native to those countries. Subtype A, which is 
prevalent in eastern Europe and central Asia, also 
increased in western and central Europe in recent time 
periods. Recombinants, especially CRF02_AG and 
CRF63_02A1, have increased in eastern Europe and 
central Asia since 2000.18 The ongoing influx of war-
displaced refugees from eastern Europe might continue 
to challenge subtype B dominance in western and central 
Europe.30

Recombinants increased in other regions as well, 
including in east Asia. The increase of CRF07_BC in east 
Asia drove the global increase in CRF07_BC. The spread 
of CRF07_BC in east Asia probably reflects dispersion 
along drug-trafficking routes in China, which initially 
involved people who inject drugs and men who have sex 

HIV-1 subtypes CRFs URFs Unspecified 
recombinants

Total 
CRFs*

Total 
recombinants

A B C D F G H J K L CRF01_
AE

CRF02_
AG

CRF07_
BC

Other

(Continued from previous page)

2015–19 0·4% 0·2% 98·5% 0·2% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·1% 0·0% 0·1% 0·3% 0·0% 0·3% 0·6%

2020–24 0·0% 0·0% 97·1% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 2·9% 0·0% 0·0% 2·9%

Central Africa

1990–99 48·3% 0·3% 5·1% 8·4% 4·2% 8·1% 9·7% 2·2% 0·9% 0·0% 2·3% 3·3% 0·0% 1·9% 5·3% 0·0% 7·5% 12·8%

2000–04 32·8% 0·2% 9·7% 10·8% 3·0% 10·0% 5·1% 2·4% 0·9% 0·0% 2·2% 5·7% 0·0% 4·1% 11·4% 1·7% 12·0% 25·0%

2005–09 15·4% 0·5% 13·2% 5·7% 3·3% 6·7% 5·0% 1·4% 0·2% 0·0% 2·0% 7·6% 0·0% 15·3% 22·9% 0·8% 24·9% 48·6%

2010–14 18·1% 1·0% 12·9% 6·7% 4·8% 6·4% 3·2% 1·8% 1·2% 0·0% 2·5% 7·3% 0·0% 14·7% 16·2% 3·1% 24·5% 43·9%

2015–19 21·3% 0·3% 15·1% 3·7% 8·1% 9·5% 4·1% 0·8% 0·0% 0·0% 0·6% 8·0% 0·0% 10·0% 16·5% 1·9% 18·6% 37·0%

2020–24 16·5% 1·4% 17·1% 7·0% 6·0% 9·7% 5·2% 1·6% 1·8% 0·0% 2·6% 14·9% 0·0% 10·2% 6·1% 0·0% 27·7% 33·8%

Southern Africa

1990–99 0·6% 2·4% 96·4% 0·4% 0·0% 0·2% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·1% 0·0% 0·0% 0·1%

2000–04 6·6% 0·6% 86·7% 3·5% 0·0% 0·4% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 1·2% 0·9% 0·0% 1·2% 2·1%

2005–09 0·5% 1·2% 95·7% 0·4% 0·0% 0·1% 0·0% 0·0% 0·0% 0·0% 0·0% 0·1% 0·0% 1·5% 0·3% 0·1% 1·6% 1·9%

2010–14 0·4% 0·2% 93·8% 1·0% 0·0% 0·1% 0·0% 0·0% 0·0% 0·0% 0·0% 0·1% 0·0% 3·7% 0·3% 0·4% 3·8% 4·4%

2015–19 0·8% 0·0% 92·8% 0·1% 0·0% 0·1% 0·0% 0·0% 0·0% 0·0% 0·0% 0·1% 0·0% 5·4% 0·2% 0·3% 5·5% 6·1%

2020–24 0·1% 0·0% 99·5% 0·0% 0·0% 0·1% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·0% 0·3% 0·0% 0·0% 0·3% 0·3%

Distributions represent HIV-1 subtypes, CRFs, and URFs as a percentage of global or regional HIV-1 infections. 95% CIs are provided in appendix 1 (pp 23–26). CRF=circulating recombinant form. URF=unique 
recombinant form. *Other CRFs refer to all CRFs except CRF01_AE, CRF02_AG, and CRF07_BC.

Table 2: Global and regional distribution of HIV-1 variants, 1990–2024
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Figure 4: Regional distribution of HIV-1 variants, 1990–2024
Distributions represent HIV-1 subtypes, CRFs, and URFs as a percentage of regional HIV-1 infections. Other CRFs refers to all CRFs except CRF01_AE, CRF02_AG, and CRF07_BC. CRFs=circulating 
recombinant forms. URFs=unique recombinant forms.
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with men, before spreading to the wider population.31 
Higher rates of new infections and limited access to care 
among key populations, including people who inject 
drugs1,32 and a lower pathogenicity of CRF07_BC compared 
with other variants,33 probably enabled CRF07_BC to 
spread. Emigration from parts of east Asia has the 
potential to further affect global patterns of HIV-1 diversity.

This study has several strengths. Nearly 1·4 million 
samples provided a representative dataset for estimating 
global and regional HIV-1 subtype, CRF, and URF 
proportions. Our database unified HIV-1 subtyping data 
from both published and unpublished sources. We 
included all eligible published data available since 1990. 
Unpublished data in particular included information for 
recent years and for countries with limited published 
HIV subtyping data. We achieved high coverage (>90%) 
for most regions and periods and globally.

This study also has some limitations. Published data are 
prone to publication bias and delays, and survey data are 
prone to response bias. Overall, data were less abundant 
for the 1990–99 and 2020–24 periods than other periods. 
We divided HIV-1 subtyping data spanning multiple years 
of sample collection evenly across years, which might 
have concealed changes over time. An alternative method 
of allocating samples to the middle year as a part of our 
sensitivity analyses showed no perceptible differences in 
global variant proportions. Global and regional HIV-1 
variant distributions reflect the underlying country-level 
data, and subtyped HIV samples are not always nationally 
representative, requiring cautious interpretation. Depth of 
coverage was low in regions with the highest numbers of 
people living with HIV, including southern, central, east, 
and west Africa and south Asia. Although breadth of 
coverage was high overall, differential availability of data 
across countries and periods might have distorted HIV-1 
variant distributions. For instance, there were no data 
from Haiti in 2020–24, leading to a potentially misleading 
reduction in subtype B in the Caribbean in 2020–24. Low 
coverage in Oceania and Middle East and north Africa led 
to fluctuations in HIV-1 variant patterns. However, 
Oceania, Middle East and north Africa, and the Caribbean 
have the smallest numbers of people living with HIV and 
hence have little influence on global proportions. 
Nevertheless, efforts should be made to improve 
surveillance in these regions.

Heterogeneity in available data, due to differing study 
designs, study populations, and subtyping methods, as 
well as potential misclassification of HIV-1 variants, could 
have oversampled or undersampled some variants and 
affected our estimates of HIV-1 variant proportions. 
Weighting of proportions by country-level UNAIDS 
estimates does not correct for differences in sampling 
within countries. Countries in some regions, such as 
western and central Europe, might have more resources 
to routinely monitor and detect recombinants than others. 
Overall, recombinants are probably underestimated in 
this analysis because most samples were subtyped using 

pol sequencing only, which can miss recombinants, as the 
rest of the genome is not assessed.7,17 Whole genome 
sequencing is important for understanding the true 
prevalence and complexity of circulating HIV 
recombinants. We avoided drawing comparisons with 
1990–99, as subtyping methods changed after 2000 
(appendix 1 p 12). For instance, in parts of west Africa, 
many earlier samples were mistakenly classified as 
subtype A based on env subtyping alone, before 
recognition of CRF02_AG led to their correct classification 
from 2000 onwards.34 As a part of our sensitivity analyses, 
we weighted each record in our database by its risk of bias 
score, which summarises population representativeness, 
sampling frame quality, sampling selection method, 
sample size, and subtyping method into a single score, 
and found similar results to the primary analysis 
(appendix 1 p 22). We could not stratify HIV-1 variant 
distributions by sex, gender, race, or ethnicity as these data 
were largely unavailable. Finally, subtyping could only be 
performed on samples from people living with HIV with 
detectable viral loads, including newly diagnosed people 
and those experiencing treatment failure, who might 
differ from individuals with suppressed viral load.

Knowledge of the global and regional distribution of 
HIV-1 variants is instrumental for effective HIV 
treatment and prevention. Diagnostic and viral load 
assays might be challenged by an increasing prevalence 
of previously uncommon HIV-1 subtypes and 
recombinants.12,35–37 Drug resistance in less common 
HIV-1 subtypes and recombinants remains understudied, 
although they can contain novel mutations that affect 
treatment response,14 and the same mutation can cause 
differing responses to treatment depending on the HIV-1 
variant.38 Infection with HIV-1 variants prone to 
treatment-resistant mutations can challenge the efficacy 
of long-acting ART or pre-exposure prophylaxis.39 For 
instance, trial data has shown an increased occurrence of 
virological failure with cabotegravir–rilpivirine long-
acting treatment in people with HIV-1 infected with 
subtype A6.40 To date, the only HIV vaccine trial to show 
modest protection was the phase 3 RV144 trial in 
Thailand based on subtype B and CRF01_AE.41 Several 
mRNA-based HIV-1 vaccines are under development, 
including recent phase I candidates that induced 
neutralising antibody responses in approximately 80% of 
participants.42 The flexibility of mRNA vaccines in 
addressing genetic variation could help account for the 
extensive genetic diversity of HIV-1.43 A comprehensive 
understanding of the HIV-1 variant distributions and the 
populations and geographical areas to target are crucial 
for developing variant-specific HIV vaccines.11

This study shows that, although the global HIV-1 variant 
distribution might be stabilising, regional patterns are 
complex and changing over time. Changes in HIV-1 
variant distributions reflect the differences between new 
HIV infections and deaths due to HIV/AIDS, which are 
influenced by the biological properties of HIV-1 variants; 
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the social, political, economic, and environmental 
contexts of the populations in which they spread; and 
interventions for treatment and prevention. Ongoing 
surveillance and further research are required to examine 
and predict spatial and temporal trends in HIV-1 genetic 
diversity as well as the factors driving these trends.
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