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Global and regional distribution of HIV-1 genetic
subtypes and recombinants in 2004

Joris Hemelaara,c, Eleanor Gouwsb, Peter D. Ghysb and

Saladin Osmanova

Objective: To estimate the global and regional distribution of HIV-1 subtypes and
recombinants in 2004.

Design: A study was conducted in which molecular epidemiological data on HIV-1
subtype distribution in individual countries were combined with country-specific
estimates of the number of people living with HIV.

Methods: HIV-1 subtype data were collected for 23 874 HIV-1 samples from 70
countries, which together accounted for 89% of all people living with HIV worldwide
in 2004. The proportions of HIV-1 infections due to various subtypes detected in each
country were combined with the number of HIV infected people in the respective
countries to generate regional and global HIV-1 subtype distribution estimates.

Results: Subtype C accounted for 50% of all infections worldwide in 2004. Subtypes A,
B, D and G accounted for 12%, 10%, 3% and 6%, respectively. The subtypes F, H, J and
K together accounted for 0.94% of infections. The circulating recombinant forms
CRF01_AE and CRF02_AG each were responsible for 5% of cases, and CRF03_AB
for 0.1%. Other recombinants accounted for the remaining 8% of infections. All
recombinant forms taken together were responsible for 18% of infections worldwide.

Conclusion: Combining data on HIV-1 subtype distribution in individual countries
with country-specific estimates of the number of people living with HIV provided a
good method to generate estimates of the global and regional HIV-1 genetic diversity in
2004. The results could serve as an important resource for HIV scientists, public health
officials and HIV vaccine developers.
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Introduction

The World Health Report 2004 of the World Health
Organization identified HIV as the world’s most urgent

public health challenge at present [1]. Over 25 million
individuals are estimated to have died of AIDS since the
start of the pandemic. Up to 38.6 million individuals
are currently infected with HIV, the majority living in

From the aWHO/UNAIDS HIV Vaccine Initiative, bEpidemic and Impact Monitoring, UNAIDS, CH1211 Geneva 27, Switzerland,
and cMagdalen College, Oxford University, Oxford OX1 4AU, UK.

Correspondence to Saladin Osmanov and Joris Hemelaar, WHO/UNAIDS HIV Vaccine Initiative, 20 Avenue Appia, CH1211
Geneva 27, Switzerland.

E-mails: osmanovs@who.int; joris.hemelaar@medschool.ox.ac.uk

The authors alone are responsible for the views expressed in this publication, which does not necessarily reflect the views of the
World Health Organization and the Joint United Nations Programme on HIV/AIDS (UNAIDS).

ISSN 0269-9370 Q 2006 Lippincott Williams & Wilkins W13

mailto:osmanovs@who.int
mailto:joris.hemelaar@medschool.ox.ac.uk


Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

sub-Saharan Africa and Asia. An estimated 4.1 million
individuals were newly infected with HIV in 2005, 95%
of whom are living in developing countries [2].

The high genetic variability and rapid evolution of HIV-1
are important factors in its worldwide spread. HIV-1
genetic heterogeneity originates from the high mutation
and recombination rates of the reverse transcriptase
enzyme combined with a high turnover rate. This results
in genetically diverse populations of viral species in each
infected individual, termed ‘quasispecies’. Viral species in
a single individual can differ by up to 10%. Selection
pressures applied by, for example, the immune system or
antiviral drugs result in further viral evolution [3].

Phylogenetic analysis of HIV samples has led to the
classification of HIV-1 into three genetic groups, M
(major), O (outlier) and N (non-M, non-O). Most HIV-1
infections globally are caused by group M viruses, with
group O and N causing a small minority of infections in
central Africa. Within group M, nine subtypes are
recognized, designated by the letters A–D, F–H, J and K
[4]. Although this classification was initially based on env
sequences, it applies to all regions of the genome. Genetic
variation within a subtype can be of the order of 15–20%,
whereas variation between subtypes is approximately
25–35%, depending on the subtypes and genome regions
examined [5]. Analyses of multiple genome regions and in
particular full-length genome sequencing have revealed
inter-subtype recombinants, which are thought to
originate from individuals with multiple infections,
i.e. infected with viruses of two or more subtypes
simultaneously. Recombinant viruses identified in at least
three epidemiologically unlinked individuals and charac-
terized by full-length genome sequencing are designated
as circulating recombinant forms (CRFs) [4]. To date, 19
CRFs have been identified [6]. Some CRFs, e.g.
CRF01_AE and CRF02_AG, play important roles in
regional epidemics. With increased global availability of
sequencing techniques, it is becoming apparent that
recombinant forms are widespread and are contributing
significantly to the pandemic. The different subtypes have
distinct global distribution patterns [7].

The high level of genetic variability of HIV-1 may have
important implications for HIV pathogenesis, trans-
mission, diagnosis, treatment and vaccine development.
The possibility that different subtypes may have different
biological properties resulting in differences in transmis-
sibility and pathogenicity is obvious, but has been difficult
to establish. Most subtypes conform to the non-
syncytium-inducing CCR5 receptor usage phenotype
early in infection, followed by a shift to the syncytium-
inducing CXCR4 receptor usage phenotype late in
infection. However, at least some subtype C and D viruses
do not seem to follow this pattern [8]. Several studies have
suggested that the maternal HIV subtype could play a role
in the likelihood of vertical transmission, although others

discount this notion [9–11]. Consistent subtype-associ-
ated differences in efficiency of transmission via different
routes remain to be proved. Some studies have reported a
difference between subtypes in rates of progression to
AIDS [12], whereas others have not found such
differences [13]. Such variation in reported results could
be caused by virus, host and environmental factors, as well
as differences in study design, sample size, the use of
surrogate markers of progression and duration of clinical
follow up.

HIV-1 diversity has an impact on HIV diagnosis, as well as
on the determination of viral load. HIV-1 immunoassays
need to be capable of detecting all known group M
subtypes [14]. Polymerase chain reaction-based assays for
viral load measurements also need to reliably quantify
HIV-1 RNA from all known genetic variants of HIV-1
[15].

Resistance to antiretroviral drugs is an important issue in
the clinical management of HIV-related disease [16]. It is
therefore important to determine whether HIV subtypes
differ in their primary susceptibility to antiretroviral drugs
or their capacity to develop antiretroviral resistance.
Group O viruses are known to be naturally resistant to
non-nucleoside reverse transcriptase inhibitors. It appears
that different group M subtypes have similar suscepti-
bilities to currently used antiretroviral drugs, at least
in vitro [17]. Some studies have shown differences
between B and non-B subtype viruses in the generation
of drug resistance mutations after the commencement of
treatment [18]. Others have shown no effect of viral
subtype on outcomes of antiretroviral therapy [19].

The best hope for controlling the HIV pandemic is a
preventive vaccine that is safe, simple, highly effective and
affordable [20]. It has, however, been recognized that the
global genetic and antigenic variability of HIV-1 may
pose a major challenge for the development of globally
effective HIV vaccines [21]. Correlates of immune
protection against HIV remain unknown, but it seems
likely that, given the high genetic diversity of HIV, both
humoral and cell-mediated immune responses are needed
to confer broad and long-lasting protection against
primary isolates [22]. However, during primary HIV
infection both the antibody and the cell-mediated im-
mune responses exert a selection pressure on the infecting
virus, resulting in the rapid generation of escape mutants
resistant to antibody neutralization and/or cytotoxic
T-cell-(CTL) mediated killing [23,24]. Although anti-
genic variation between subtypes is likely to be important
for antibody-mediated protection, neutralization sero-
types do not appear to correlate with HIV-1 genetic
subtypes [25]. Cytotoxic T-cell responses in HIV-1-
infected individuals are more broadly crossreactive be-
tween different subtypes, although intrasubtype responses
are often stronger and more frequent than intersubtype
reactivities [26,27].
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It is clear that HIV-1 diversity may have important
implications for many aspects of the HIV pandemic and its
control. It is therefore imperative to monitor the global and
regional distribution of HIV-1 subtypes and recombinants.
We have previously examined the global distribution of
HIV-1 subtypes [7]. The aim of the current study was to
improve further on the global surveillance of HIV-1
subtypes and epidemiological data collection to generate
reliable and up-to-date estimates of the global and regional
diversityof HIV-1. To this end, we estimated the global and
regional distribution of HIV-1 genetic subtypes and
recombinants by combining molecular epidemiological
data on HIV-1 subtype distribution in individual countries
with country-specific estimates of the number of
individuals living with HIV in 2004.

Methods

Country-specific HIV-1 subtype distribution data
A questionnaire was sent out to research laboratories
across the world specializing in the characterization of
HIV samples from diverse geographical regions. Data
were requested from studies in molecular epidemiology
conducted on HIV blood samples taken in the years
2000–2004. In particular, researchers were asked to detail
the subtypes of the analysed samples as A, B, C, D,
CRF01_AE, CRF02_AG, CRF03_AB, other subtypes
(F, G, H, J, K) and other CRFs and recombinants. The
majority of subtyping data were obtained by nucleotide
sequencing of one or more genome segments, whereas
the remainder were typed by heteroduplex mobility assay.
Researchers were asked to indicate the country of origin
of the samples, the year in which the samples were taken,
the likely route of transmission through which HIV was
acquired, the detection method used, and the genome
segment that was analysed (gag, env, pol, long-terminal
repeat or full length). Only samples with complete data
were included in our analyses. Data sets representing
different routes of transmission (heterosexual including
perinatal transmission and female sex workers, men who
have sex with men and injecting drug users) within a
country were combined into one country dataset,
weighted according to the relative importance of each
transmission route. When no information was received
from countries, in particular from countries in regions
with a high HIV-1 prevalence, the subtype profile was
constructed by conducting literature searches to find
publications containing the necessary data from samples
collected in 2000–2004. In all cases, the resulting
aggregates were used to determine the overall proportions
of HIV-1 subtypes and recombinants in the country.

HIV-1 epidemiology data and geographical
regions
The HIV epidemiology data used in this study were
obtained from the UNAIDS/WHO estimates of the

burden of HIV in 2004 [28]. The only exception was
Ethiopia, for which 2003 estimates were used, because
more recent data were not available at the time of
our study.

Countries were grouped together in geographical regions
according to the classification used by UNAIDS [28],
with a few modifications. Sub-Saharan Africa was divided
into four separate regions (west, east, central and
southern), because the region has the largest number
of HIV-1 infections and a high level of regional diversity
in HIV-1 subtypes, warranting a more detailed analysis.
The data analyses for India and Ethiopia were conducted
separately from the other countries in their respective
regions because they harbour a large number of infections
caused by a single subtype, which would have skewed the
results for their respective regions. These modifications
resulted in the grouping of countries into 15 regions. The
countries comprising each region are specified in the
legend to Table 2.

Data processing
For the countries for which appropriate data were
obtained, the proportions of HIV-1 subtypes and
recombinants were calculated as described above. To
determine the distribution of HIV-1 subtypes in the
regions, the proportions of all HIV-1 subtypes present in
each country in a region were first multiplied by the
absolute number of individuals living with HIV in the
same country. The resulting estimated numbers of
individuals living with each subtype in the countries in
each region were then added up. The total absolute
numbers of the different subtypes in each region were
finally used to derive the proportions of the different
HIV-1 subtypes and recombinants in the regions
(Table 2). Countries for which no HIV-1 subtype
distribution data had been obtained were left out of
this analysis.

Similarly, to calculate the global HIV-1 subtype
distribution, the regional subtype proportions were
multiplied by the number of individuals living with
HIV in the regions (which included HIV-infected
individuals in countries for which no HIV subtype
distribution data had been obtained). The resulting
absolute numbers of the different subtypes in the regions
were added up by subtype across regions, and the global
total numbers of each subtype were used to determine the
global distribution of HIV-1 subtypes and recombinants
(Table 2).

The regional distribution of infections caused by
individual subtypes was determined using the absolute
numbers of infections caused by each subtype in each
region (see above). The number of infections caused by a
subtype in a region was taken as a proportion of the global
number of infections caused by that same subtype
(Table 3).

Global molecular epidemiology of HIV-1 in 2004 Hemelaar et al. W15
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Results

Collection of HIV-1 subtype distribution data
A total number of 23 874 samples were included in our
analyses (Table 1). Data on the distribution of HIV-1
subtypes and recombinants were collected for a total of 70
countries across the globe as listed in the legend of
Table 2. For our analysis, the world was divided into 15
regions, as specified in the Methods section and the
legend of Table 2. For each region, special efforts were
made to ensure that data were obtained for countries with
the highest absolute numbers of infections in the region.
As a result, in nine of the 15 regions the countries for
which HIV subtype distribution data were collected
represented more than 90% of individuals living with
HIV (Table 1, coverage of region). In a further three
regions, the countries with subtype distribution data
covered between 80 and 90% of HIV-1 infections in the
region. In the remaining three regions, a lack of data from
some countries meant that less than 80% of individuals
living with HIV in the region were represented. Overall,
the 70 countries from which data were obtained
accounted for 89% of individuals living with HIV
worldwide (Table 1).

The number of samples analysed as a proportion of the
number of individuals living with HIV varied consider-
ably between regions (Table 1, second last column). The
representation was better for north America, western
Europe and Oceania, whereas populations of individuals

living with HIV in India, Ethiopia and southern Africa
were less well represented.

Global distribution of HIV-1 subtypes and
recombinants
The global proportions of HIV-1 subtypes and recombi-
nants are shown in Fig. 1 and Table 2. Subtype C
accounted for half (50%) of all infections worldwide. The
subtypes A, B, D and G were responsible for 12, 10, 3 and
6% of infections, respectively. The subtypes F, H, J and K
together caused 0.94% of infections. The two major
CRFs, CRF01_AE and CRF02_AG, were each respon-
sible for 5% of infections, whereas CRF03_AB was
responsible for only 0.1% globally. Other recombinants
accounted for the remaining 8% of infections. All
recombinant forms taken together were responsible for
18% of infections worldwide.

Regional distribution of HIV-1 subtypes and
recombinants: analysis by region
The distribution of HIV-1 subtypes and recombinants
within each region is shown in Table 2 and depicted
in Fig. 2. Of all HIV-1 infections worldwide, 64%
are present in sub-Saharan Africa (Table 1). For the whole
of sub-Saharan Africa, 56% of infections are caused
by subtype C, with smaller proportions of infections
caused by subtype A (14%), subtype G (10%),
CRF02_AG (7%) and other recombinants (9%). How-
ever, there are marked differences between the five
subregions of sub-Saharan Africa.

W16 AIDS 2006, Vol 20 No 16

Table 1. Global and regional HIV-1 epidemiology and sample collection.

Region of the world

Numbers of
individuals living

with HIV in
2004 (n)a

HIV-1 infections
as proportion
of global total
in 2004 (%)a

HIV-1
prevalence

in 2004
(%)b

Number of
samples
collected

(n)

Proportion of
HIV-1 infected

population
represented (%)c

Coverage
of region

(%)d

North America 1 000 000 2.57 0.6 3098 0.3098 95.0
Caribbean 440 000 1.13 2.3 204 0.0464 26.9
Latin America 1 700 000 4.36 0.6 2476 0.1456 91.5
Western Europe 570 000 1.46 0.3 7442 1.3056 86.5
Eastern Europe and

central Asia
1 500 000 3.85 0.7 1022 0.0681 91.7

India 5 100 000 13.08 0.9 426 0.0084 100.0
South and south-east

Asia (excl. India)
1 800 000 4.62 0.3 1155 0.0642 73.7

East Asia 1 100 000 2.82 0.1 1173 0.1066 99.2
Oceania 35 000 0.09 0.2 684 1.9543 43.1
North Africa and

middle east
540 000 1.39 0.3 291 0.0539 89.5

West Africa 6 300 000 16.16 4.5 2815 0.0447 91.0
East Africa

(excl. Ethiopia)
3 900 000 10.00 5.7 1268 0.0325 90.9

Ethiopia 1 500 000 3.85 4.4 143 0.0095 100.0
Central Africa 2 000 000 5.13 4.8 771 0.0386 95.6
Southern Africa 11 500 000 29.50 17 906 0.0079 81.1
Global 38 985 000 100 1.1 23874 0.0612 88.6

aThe numbers of individuals living with HIV were obtained from the UNAIDS/WHO estimates of the burden of HIV in 2004 (see Methods).
bThe percentage of adults aged 15–49 years living with HIV. Data obtained from the UNAIDS/WHO estimates of the burden of HIV in 2004
(see Methods).
cThe number of samples collected from a region as a proportion of the number of individuals living with HIV in the region (%).
dThe combined number of individuals living with HIV in the countries for which HIV subtype distribution data were collected in a region as a
proportion of the total number of individuals living with HIV in the region (for countries per region: see caption Table 2).
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In southern Africa, which accounts for 30% of all global
HIV-1 infections (Table 1), and Ethiopia (4% of global
infections), the HIV-1 infections are caused nearly
exclusively by subtype C, 98 and 99%, respectively
(Table 2), with only minor differences between countries
in southern Africa (93–100% subtype C).

In west Africa, home to 16% of the world’s HIV-1 cases
(Table 1), the dominant HIV-1 subtypes are A (account-
ing for 21% of all HIV-1 infections in the region),
G (35%), CRF02_AG (28%) and other recombinants
(14%; mostly CRF06_cpx; Table 2). All other subtypes
and major CRFs were also detected, albeit at less than 1%
at the regional level. The country with by far the largest
number of HIV-1 infections in the region is Nigeria,
where the epidemic is dominated by subtypes A (29%)
and G (54%). Other countries in the region, such as
Cameroon, Ghana and Côte d’Ivoire, have a distinct
subtype distribution pattern in which CRF02_AG
dominates (between 39 and 83%), with smaller contri-
butions by subtype A and recombinant strains.

In east Africa, which accounts for 10% of the world’s
individuals living with HIV-1 (Table 1), the most
prevalent subtypes are: A (35%), C (25%), D (11%)
and a large proportion (29%) of mostly unique
recombinant forms (Table 2). The same four subtypes
are found in all countries in the region, although the
distribution varies considerably between the individual
countries. In Kenya and Rwanda, 57 and 79% of

infections are caused by subtype A, whereas in the United
Republic of Tanzania subtype C (44%) and various
recombinants (37%) dominate. In Uganda, subtype D
causes almost half of all infections (46%).

In central Africa, with 5% of the world’s HIV-1-infected
individuals (Table 1), the greatest diversity of subtypes and
recombinants is found. Subtype A is the most prevalent,
accounting for 38% of all infections. Subtypes C, D, G
and other recombinants (CRF11_cpx and others) are
each responsible for 11% of the total number of infections
in the region. Subtypes F, H, CRF01_AE and
CRF02_AG have each been the cause of 3–4% of
infections. Subtypes B, J and K each accounted for less
than 2% of infections (Table 2). Overall, the countries in
the region all harbour a great diversity of subtypes and
recombinants, but differ in the subtype that dominates.
Subtype A dominates the epidemic in the Democratic
Republic of the Congo and in the Central African
Republic, causing 38 and 83% of infections, respectively.
CRF02_AG was frequently found in Gabon (39%),
whereas in Angola and Chad the epidemics are driven by
other recombinant forms, found in 39 and 40% of
cases, respectively.

India on its own is home to 13% of the world’s individuals
living with HIV (Table 1). The epidemic there is
dominated by subtype C strains, which account for 97%
of infections (Table 2).

In the rest of south and south-east Asia, which accounts
for a further 5% of the global number of HIV-1-infected
individuals (Table 1), the epidemic is dominated by
CRF01_AE, which is responsible for 84% of all infections
(Table 2). Other recombinants account for 4%, bringing
the combined proportion of CRF and other recombi-
nants to 89%, the highest in the world (Table 2). In
Cambodia, Thailand and Viet Nam, CRF01_AE is
responsible for more than 95% of infections, with the
remaining infections caused by subtype B and other
recombinants. In Myanmar, CRF01_AE accounts for
52% of infections, along with subtypes B (24%), C (12%)
and other recombinants (12%).

In east Asia, with 3% of the global number of HIV
infections (Table 1), China harbours the vast majority of
HIV-1-infected individuals, and the distribution of
subtypes in east Asia is therefore nearly identical to the
distribution found in China. In China, subtype B strains
are found in 38% of cases, whereas CRF01_AE (15%) and
other recombinants (45%; mostly CRF07_BC and
CRF08_BC) are also major players, resulting in a total
proportion of recombinants of 61% (Table 2). In Hong
Kong Special Administrative Region, subtype B (50%)
and CRF01_AE (45%) are most prevalent. In Japan,
subtype B strains dominate the epidemic at 81%, with
remaining infections being caused by subtypes A, C and
CRF01_AE.

W18 AIDS 2006, Vol 20 No 16

Fig. 1. Global distribution of HIV-1 subtypes and recombi-
nants in 2004. The number of infections caused by HIV-1
subtypes and recombinants are represented as a proportion of
the global total number of individuals living with HIV-1. The
colours representing the different HIV-1 subtypes are indi-
cated in the key below. Subtypes F, G, H, J and K were
combined (for details see Table 2). A; B; C;

D; F, G, H, J, K; CRF01_AE; CRF02_AG;
CRF03_AB; other recombinants.
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Oceania is home to a very small absolute number of HIV-
1-infected individuals, and the distribution is very similar
in Australia and New Zealand, with the majority being
caused by subtype B (88%) strains and a further 5% caused
by subtype C and CRF01_AE (Table 2). Unfortunately,
no data were collected that would allow an estimation of
the subtype distribution in Papua New Guinea, which has
the largest number of individuals living with HIV in
that region.

North Africa and the middle east account for 1% of
global HIV infections (Table 1). In that region, subtype
D (47% of regional HIV-1 infections) and C (29%) are
the major subtypes, with additional contributions by
subtypes A (6%) and B (7%), as well as 9% of
recombinant forms (Table 2). A similar distribution is
found in Sudan, which harbours the vast majority of
infected individuals in the region. In Algeria, Israel and
Yemen the most prevalent subtype is B, which accounts
for over half of all infections in those countries.
However, CRF02_AG strains have also been reported
in 25% of cases in Algeria, whereas subtype C strains are
found in Israel (45%) and Yemen (22%). Subtype D
strains have been found in 17% of cases in Yemen and 6%
in Algeria.

Three per cent of all HIV-1-infected individuals live in
north America (Table 1), with the vast majority of cases
reported in the United States of America. In the United
States the most prevalent subtype is B (98%), with only
minor contributions by other subtypes and recombinants
(Table 2).

The Caribbean region accounts for 1% of the global HIV-1
burden (Table 1), and the HIV-1 subtype distribution is
very similar to the United States, with 94% of infections
being caused by subtype B (Table 2). Unfortunately, no
data were available from Haiti, which is one of the most
affected countries in the region. In the Dominican
Republic and Trinidad and Tobago more than 94% of
HIV infections were caused by subtype B. In Cuba, on
the other hand, a more diverse distribution was found,
with subtype B being responsible for 48% of infections,
41% of cases being caused by various recombinant forms,
and the remainder caused by subtypes C, D, F, G, H and J.

In Latin America, with 4% of the world’s HIV-1 infections
(Table 1), subtype B strains are found in 74% of cases. The
subtypes C (13%), F (4%) and other recombinant forms
(8%; mostly CRF12_BF and other B/F recombinants)
have also been found to play a role in the region (Table 2).

Global molecular epidemiology of HIV-1 in 2004 Hemelaar et al. W19

Fig. 2. Regional distribution of HIV-1 subtypes and recombinants in 2004. The world was subdivided into regions consisting of
groups of countries as specified in the methods section and the legend of Table 2. Countries forming a region are shaded in the
same colour. Different regions are shaded in different colours. Pie-charts representing the distribution of HIV-1 subtypes and
recombinants in each region are superimposed on the regions or connected to the relevant regions by a line. The pie-charts were
prepared using the data presented in Table 2. The colours representing the different HIV-1 subtypes are indicated in the key below.
The proportions of the subtypes F, G, H, J and K were taken together (for details on these individual subtypes see Table 2). The
relative surface areas of the pie-charts correspond to the relative numbers of individuals living with HIV in the regions (see column
2 of Table 1). A; B; C; D; F, G, H, J, K; CRF01_AE; CRF02_AG; CRF03_AB; other
recombinants. Disclaimer: The boundaries and names shown and the designations used on this map do not imply the expression of
any opinion whatsoever on the part of the World Health Organization or the Joint United Nations Programme on HIV/AIDS
(UNAIDS) concerning the legal status of any country, territory, city or area or of its authorities, or concerning the delimitation of its
frontiers or boundaries. Dotted lines on maps represent approximate border lines for which there may not yet be full agreement.
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Subtype B causes more than 94% of HIV-1 infections in
Chile, Colombia, Ecuador, Honduras, Mexico and
Venezuela. The other countries are characterized by more
diverse patterns of subtype distribution. Subtype F strains
play a visible role in the regional epidemic, and cause a
significant proportion of infections in Brazil (8%), Paraguay
(11%) and especially Uruguay (38%). Various recombi-
nants feature strongly in the epidemics in Argentina (49%),
Bolivia (16%), Paraguay (22%) and Uruguay (19%), along
with subtype B strains, which account for 49% of infections
in Argentina, and subtype C, which accounts for 28% of
infections in Brazil.

The subtype distributions in western Europe and eastern
Europe and central Asia are quite distinct from each other.
In western Europe, which accounts for up to 1% of global
HIV-infected individuals (Table 1), 88% of infections are
caused by subtype B. The remainder is mainly caused by
subtypes A, C, G and CRF02_AG, all of which account
for approximately 2% each (Table 2). In countries with
the highest absolute numbers of infection, France, Italy
and Spain, the proportion of subtype B is equal to or
exceeds 92%. In the other countries in the region, the
proportion of subtype B infections was 82% or lower,
with the lowest proportion of subtype B strains found in
Portugal (39%). At the same time, in these other countries
various non-B subtypes often constitute significant
proportions of reported cases, such as subtype A in
Austria (14%), Denmark (8%), the United Kingdom (8%)
and Greece (6%); subtype C in Denmark (18%), Sweden
(30%) and the United Kingdom (17%); subtype G in
Portugal (26%); and other recombinant forms in Portugal
(31%) and Greece (12%).

In eastern Europe and central Asia, where up to 4% of
individuals infected with HIV live (Table 1), 79% of
infections were caused by subtype A and a further 15% by
subtype B. The remainder is attributed to subtypes C (2%),
F (1%) and CRF03_AB (3%) (Table 2). Eastern Europe and
central Asia is the only region in the world where
CRF03_AB was found. Most individuals with HIV-1
infection in the region are living in the Russian Federation
and the Ukraine. Subtype A strains account for more than
74% of infections in all countries, except the Czech
Republic. In most countries the remainder of infections is
largely represented by subtype B strains, except in
Uzbekistan, where CRF02_AG accounts for 15% of
infections. In the Czech Republic the subtype distribution
is completely different from the other countries in the
region and is much more similar to western Europe, with
subtype B found in 73% of cases and the remainder caused
by subtypes A (8%), C (9%) and CRF01_AE (5%), aswell as
a small proportion of other subtypes.

Regional distribution of HIV-1 subtypes and
recombinants: analysis by subtype
The spread of each major HIV-1 subtype and recombi-
nant form across the globe is shown in Table 3. The
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majority of subtype C infections are present in southern
Africa (58% of global subtype C infections) and India
(25%), with the remainder in Ethiopia (8%) and east
Africa (5%; Table 3). Subtype A is evenly spread between
eastern Europe and central Asia (25% of global total of
subtype A), west Africa (27%), east Africa (28%) and
central Africa (16%). Subtype B is present in the Americas
(together accounting for 66% of total subtype B
infections), western Europe (12%) and east Asia (10%).
Subtype D causes significant numbers of infections in
north Africa and the middle east (26% of global subtype D
infections), east Africa (43%) and central Africa (22%).
Eighty-nine per cent of subtype G infections occur in
west Africa and 9% in central Africa (Table 3).

Subtypes F, H, J and K cause a relatively small number of
infections globally (0.94%). Overall, 53% of subtypes F,
H, J, and K together are found in central Africa, where
they account for 10% of infections, with a further 12% in
west Africa, where they account for 1% of infections.
Subtypes H, J and K are found nearly exclusively in
sub-Saharan Africa. The largest numbers of subtype F
infections occur in Latin America (32% of the global total
of subtype F) and central Africa (35%). West and southern
Africa each contain 11% of the global total of subtype F
(Table 3). However, even in Latin America and central
Africa subtype F constitutes only 4% of the total number
of infections with HIV-1 (Table 2).

The majority of CRF01_AE (83%) is found in south and
south-east Asia, whereas an additional 9% of the global
total is found in east Asia. CRF02_AG is mainly found in
west Africa (94% of global CRF02_AG), whereas
CRF03_AB is exclusively found in eastern Europe and
central Asia. The majority of other recombinant forms is
found in east Asia (16% of global total of other
recombinants; Table 3), west Africa (29%) and east
Africa (36%). Taken together, all HIV-1 recombinants
(that is CRF01_AE, CRF02_AG, CRF03_AB and other
recombinants combined) account for 18% of HIV-1
infections worldwide (Table 2). High proportions of
recombinants are found in south and south-east Asia
(89%), east Asia (61%), west Africa (43%), east Africa
(29%) and central Africa (19%; Table 2).

Discussion

We conducted a large study in which molecular
epidemiological data on HIV-1 subtype distribution in
individual countries were collected and combined with
WHO/UNAIDS country-specific estimates of the
number of HIV-infected individuals in 2004 [28]. Our
analysis indicates that subtype C is responsible for up to
50% of all infections worldwide (Fig. 1, Table 2).
Subtypes A, B, D and G accounted for 12, 10, 3 and 6%,
respectively. The CRFs CRF01_AE and CRF02_AG

were each responsible for 5% of cases. The subtypes F, H, J
and K together caused 0.94% of infections. CRF03_AB
plays only a small role in eastern Europe and central
Asia (0.1% of global HIV-1 infections). Other recombi-
nants accounted for the remaining 8% of infections.
All recombinant forms taken together were therefore
responsible for a large proportion, 18%, of infections
worldwide (Table 2). This information, as well as
the more detailed analysis presented in this paper,
should be an important landmark and resource for
all HIV scientists, public health officials and HIV vaccine
developers.

Most attempts to estimate the global distribution of HIV-1
subtypes are confounded by limitations regarding the
representation of geographical regions, information
regarding transmission routes, selection bias, small sample
sizes and the accuracy of data on HIV prevalence
[3,21,29,30].

In our study, an adequate representation of all
geographical regions was pursued and HIV-1 subtype
distribution data were collected from a total of
70 countries across the globe, ensuring that data were
obtained for countries with the highest absolute numbers
of infections in the region (see caption Table 2). Overall,
the countries from which data were obtained accounted
for 89% of individuals living with HIV worldwide
(Table 2). Unfortunately, for two regions, the Caribbean
and Oceania, no data were available for the countries with
the largest number of individuals living with HIV.

Only datasets representative of the HIV-1-infected
population groups in each country were included in
our study. Datasets representative of different transmission
routes were weighted according to the relative import-
ance of each transmission route in that country. When
multiple datasets for individual countries were received,
the data were combined to increase representativity
(see Methods). A total number of 23 874 samples were
included in our analyses (Table 1). Despite the large
database, the number of samples analysed as a proportion
of the number of individuals living with HIV varied
considerably between regions. Worldwide a sampling
ratio of 0.0612% was achieved (Table 1).

In comparison with our previous study of this type [7], we
collected three times more samples, giving a better
representation of the global HIV-infected population.
Data were collected from more countries and weighted
according to the number of HIV-infected individuals in
each country. In the current survey a higher proportion of
subtyping data were generated by nucleotide sequencing
of genome segments. A significant proportion of data
were based on sequencing more than one genome
segment, giving valuable information regarding recom-
bination and unique and novel sequences. These
improvements make the current regional and global
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estimates more representative and accurate than in the
previous survey. On the other hand, the above-
mentioned changes also invalidate a direct comparison
between the previous and current surveys. It is therefore
not possible, based on our data, to make statements
regarding recent changes in HIV-1 subtype distribution,
nor to derive trends and make predictions for the future.

Inviewof the importance of accurate and up-to-date HIV-
1 subtype distribution data, HIV-1 subtype surveillance
needs to be continued and improved. The above-
mentioned limitations with regard to geographical
representation, combined with those related to the
population groups represented in the studies, the lack of
information regarding possible selection bias and the small
sample sizes in most of the available studies, emphasize the
need to obtain more representative information on the
distribution of HIV-1 (as well as HIV-2) subtypes in
countries and regions [29]. Future studies on the
distribution of subtypes should be conducted in sufficiently
large samples of thepopulation that are representative of the
national epidemic [31]. In generalized epidemics, pregnant
women attending antenatal clinics constitute a population
group that is easily accessible, is broadly representative of
the general population, and is already included in the
surveillance system to track changes in HIV prevalence
[32]. National surveys with HIV testing are increasingly
being conducted in countries with generalized epidemics,
and have the advantage of including a nationally
representative sample, but the disadvantage of being too
expensive to conduct on a regular basis. In countries with
concentrated HIV epidemics, it may be advisable to
conduct subtype surveillance among those population
groups in which HIV prevalence is concentrated and
whose behaviour puts them at a higher risk of HIV
infection, such as injecting drug users, men who have sex
with men, and sex workers. For both types of epidemic, it is
important to sample population groups that are repre-
sentative of all individuals living with HIV in the country
rather than of individuals with HIV infection who are in
treatment programmes, to avoid selection bias. A
reasonably representative sample can be obtained through
the random or systematic sampling of individuals in the
above population groups from sites included in the
surveillance system. Sample sizes should be sufficiently
large to detect changes in the proportion of the principal
subtypes over time [31].

The building of a global subtype surveillance system can
benefit from efforts in the area of antiretroviral drug
resistance surveillance [33], although current efforts may
only generate limited subtype information based on
characterization of the pol sequence. To generate more
comprehensive surveillance data, it is advisable that future
molecular epidemiology studies include additional
genome segments, which would allow for tracking the
spread and distribution of HIV-1 subtypes and recombi-
nants, in addition to generating drug resistance data.

National programmes in all countries should explore the
opportunities offered by existing and emerging HIV
surveillance efforts to generate important information for
their treatment and prevention programmes. It will also
be important to promote studies that generate more
comprehensive global datasets representative of all regions
of the world.

In addition to improving the system of global HIV-1
subtype surveillance, further research is also required to
elucidate the importance of HIV-1 sequence variation
and evolution for pathogenesis, transmission, diagnosis,
drug resistance and immune control. With the constant
generation of new variants and recombinants, it remains
necessary to review and update HIV diagnostic and viral
load methodologies [15]. More research is needed to
establish the association between natural resistance and
subtypes, the selection of mutations under antiretroviral
treatment and the frequency of transmission of drug-
resistant non-B viruses. The best hope for controlling the
HIV pandemic remains a preventive HIV vaccine [20].
However, the importance of HIV genetic subtypes for the
efficacy of HIV vaccines remains unknown and will need
to be evaluated as part of properly designed HIV vaccine
efficacy trials. HIV vaccine strategies should include, at
least initially, immunogens representative of the HIV
subtypes prevalent in potential trial populations in the
region where the candidate vaccine is meant to be tested
and employed. To overcome potential problems as a result
of HIV genetic diversity, candidate vaccines should aim to
induce immune responses that are broad and against
conserved regions of the virus so as to increase the chances
of cross-protection and decrease the chances of the
emergence of viral immune escape mutants [34].
Protection against infection by homologous and heter-
ologous viruses should be compared in field trials, and the
efficacy of multivalent vaccines that could protect against
the many variants of HIV-1 should be explored.
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