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Purpose of review

To provide a summary of the current data on the global HIV subtype diversity and distribution by region.
HIV is one of the most genetically diverse pathogens due fo its high-mutation and recombination rates,
large population size and rapid replication rate. This rapid evolutionary process has resulted in several HIV
subtypes that are heferogeneously globally distributed.

Recent findings

Subtype A remains the most prevalent strain in parts of East Africa, Russia and former Soviet Union
countries; subtype B in Europe, Americas and Oceania; subtype C in Southern Africa and India;
CRFO1_AE in Asia and CRFO2_AG in Western Africa. Recent studies based on near fulllength genome
sequencing highlighted the growing importance of recombinant variants and subtype C viruses.

Summary

The dynamic change in HIV subtype distribution presents future challenges for diagnosis, treatment and
vaccine design and development. An increase in recombinant viruses suggests that coinfection and
superinfection by divergent HIV strains has become more common necessitating continuous surveillance to
keep track of the viral diversity. Cheaper near fulllength genome sequencing approaches are critical in
improving HIV subtype estimations. However, missing subtype data and low sequence sampling levels are
still a challenge in some geographical regions.
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INTRODUCTION

As of 2017, there were 36.9 million people living with
HIV worldwide with a majority of these infections in
sub-Saharan Africa [1]. AIDS is a global pandemic
caused by two genetically diverse lentiviruses, HIV-1
and HIV-2 [2], that were introduced through multiple
cross-species transmissions of simian immunodefi-
ciency viruses from nonhuman primates to humans.
These distinct zoonotic viral transmissions gave rise to
separate HIV-1 groups M (Major), O (Outlier), N (non-
M, non-O) and the most recent group P [2]. The origin
of HIV-1 has been documented around Kinshasa in the
present day Democratic Republic of Congo around the
1920s from where it spread along a transport network
to other areas in sub-Saharan Africa, West Africa,
Europe and the rest of the world [3]. This global spread
was marked by a geographically defined distribution
of several genetically distinct viruses. For instance,
subtype B became prevalent in almost all parts of
Europe and the Americas while a variety of subtypes
and intersubtype recombinants are found in Africa
with the highest diversity reported in West Central
Africa. Whereas group M viruses have dominated the
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global HIV pandemic since its inception, other group
N, O and P viruses have not been disseminated widely.
Group M viruses are further subdivided into nine
subtypes (A-D, F-H, ], K) [2]. The genetic distance
within a subtype can be between 15 and 20%, whereas
genetic distances across subtypes are usually 25 and
35% [4]. HIV-2 remains largely restricted to the
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KEY POINTS
e Subtypes A, C and CRFO2-AG are the most prevalent

on the African continent, whereas subtype B
predominates in Europe/the Americas and CRFO1_AE
dominate in Asia.

e There is an increase in the prevalence of recombinant
viruses particularly in geographical areas where
multiple subtypes cocirculate such as Asia and Africa.

e The emerging and dynamic HIV genetic diversity needs
constant monitoring due fo the challenges it presents
towards diagnosis, phylogenetic reconstruction,
treatment and vaccine development.

e The classification of HIV variants based on near full-
length genomes is still limited but needs to be scaled up
in a cost-effective way.

e The problem of missing HIV subtype data and low
sequence sampling levels needs to be addressed.

western part of Africa although viral introductions
have been reported elsewhere in Europe (Portugal
and France), India and the United States of America
[5]. HIV-2 has also been documented to be less infec-
tious than HIV-1 [6,7]; it is comprised of at least nine
groups (formerly referred to as subtypes; A to I) of
which groups A and D are presently circulating [5].
HIV-2 subtype data is still limited and only a few
recombinants have been described [5,8].

CIRCULATING RECOMBINANT FORMS

Recombination is an important phenomenon for
viral diversification that allows the virus to evade
the host immune system and antiretroviral treat-
ment [9]. A recombinant is a viral sequence that has
regions from two or more distinct parental strains
[10]. A circulating recombinant form or circulating
recombinant form (CRF) is a combination of viral
genomes of different subtypes in dually infected
people that results in a mosaic genome composed
of regions from each of the different subtypes. When
these recombinants are transmitted and spread
within a population, they are recognized as circulat-
ing strains in the HIV epidemic and are classified as
CRFs [11]. The virus must be isolated from at least
two unlinked individuals and fully sequenced [12].
The designation ‘cpx’ (complex) is used when more
than three subtypes are present [13]. To date, 98
CRFs have been identified and updated in the Los
Alamos National Laboratory HIV sequence database
[14]. These are designated with sequential number-
ing as they are discovered and reported.

154 www.co-hivandaids.com

UNIQUE RECOMBINANT FORMS

Unique recombinant forms (URFs) consist of a mix-
ture of subtypes, but unlike the CRFs, they were
sampled only once from a single multiply-infected
individual [13]. Hence, all sequences corresponding
to a CRF have the same recombination break points
in the genome while each URF shows unique break-
points. Intrasubtype recombination does occur but
as it does not lead to subtype recombination, these
viruses are not described as URFs. Dual infections
with HIV-1 and HIV-2 have frequently been
reported in regions where both viruses circulate
[15] although no recombinants between them have
been described. Several AD and AC intersubtype
recombinants have been described in Eastern Africa
[16,17], where these three subtypes cocirculate. BF
intersubtype recombinants have been found in
Brazil and Argentina, where subtypes B and F are
both common [18,19]. Subtypes A and C cocirculate
in India with AC recombinants [20].

LITERATURE SEARCH

We performed a structured literature search in
PubMed using MeSH terms. A combination of key-
words related to the subject of ‘HIV genetic diversity
worldwide’ were used with Boolean operators (OR
and AND) in PubMed’s advanced search builder. The
results generated in the search builder at each level
were combined to output all articles that overlapped
across all the search words for the specified review
period (Fig. 1). This article focused mainly on HIV-1
as there was limited data on HIV-2 during the
review period.

GLOBAL DISTRIBUTION OF HIV-1 BY
REGION

Africa

The greatest genetic diversity of HIV-1 has been
found in Africa especially in West Central Africa
[21]; however, other parts of the continent show
an assortment of diverse viral strains. In Southern
Africa, subtype C collectively predominates [22,23],
whereas in Eastern Africa subtype A is the most
dominant [24"] although other subtype D and C
viruses cocirculate as well [25]. An increase in sub-
type C and a decrease in subtype D have been
reported in Kenya together with extensive intersub-
type recombination [24""]. A recent study in Uganda
reported an increased prevalence of HIV-1 intersub-
type recombinants of about 46% based on near full
length HIV sequences [26™]. A separate study by the
Phylogenetic And Networks for Generalized HIV
Epidemics in Africa (PANGEA)-HIV consortium
[27%] showed a high proportion (about 50%) of
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Advanced Pubmed search using keywords and boolean operators
and MeSH database search
Literature search results = 2,351 articles (from August 1987 to October 2018)

Articles downsized to only those within the review period (April 2017-October 2018) and relevant to the topic of
"HIV genetic diversity"

Literature search results = 132

Literature search results after removal of non-subject articles (n=100)
Based on HIV near full length genome sequences =7
Based on partial HIV gene sequences = 93

Africa (n=19) Asia (n=32) Europe (n=20)

N. America (n=10)

S. America

(n=14) Middle East (n=4) Oceania (n=1)

FIGURE 1. literature search. Diagrammatic representation of the literature search and selection of articles.

HIV-1 intersubtype recombinants in Uganda based
on deep sequencing of near full-length viral
genomes (unpublished data). In West and West
Central Africa, the majority of viruses are CRFO2_AG
[21,28]. Subtypes A and G cocirculate in some coun-
tries such as Nigeria [21]. Mosaic viruses involving
CFRO2_AG have been reported in several African
countries [29] and an increase of subtype F2 and
other recombinant forms in Cameroon [30] (Fig. 2).

Europe and North America

In North America [31], Europe [32-36] and Australia
[37], subtype B is still the most widespread viral
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strain. Other subtypes have also been introduced.
For example, in Spain, subtype F1 was identified in a
cohort of MSM [38] or CRFO2_AG among immigrant
populations [39].

South America

Subtype B predominates in South America [40,41].
Other intersubtype BF recombinants have also been
recently reported [42]. An increase in pure subtype C
compared with subtype B has also been reported
among HIV/viral hepatitis coinfected patients in
Southern Brazil [43].
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North America

South America
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FIGURE 2. Global distribution of major HIV subtypes. Map showing the global distribution of the major HIV subtypes and circulating
recombinant forms from the review. Source: Map of the world modified to show HIV-1 subtype diversity worldwide. Map-menu.com.

Asia

Several subtypes circulate in Asia and it has been
described as the ‘hotbed’ of recombinant viruses
with several CRFs [44]. Subtype A predominates in
Russia and other former Soviet Union countries
although CRFO2_AG is common in Kyrgyzstan
[45]. CRFO1_AE and CRFO7_BC predominate in
China [46-48]; new CRFs have been found in China
more than in any other country [49-52]. In south-
east Asia, CRFO1-AE is the most prevalent [53,54]
while subtype C predominates in India with reports
of increased URFs in the north eastern part of the
country [55].

Middle East and North Africa

Middle East and North Africa countries are grouped
together because subtype B is the predominant sub-
type in the region and these countries show rela-
tively low prevalence and limited sampling of
infections [56",57].

CONCLUSION

Previous reviews have shown that subtype C
accounts for more than 50% of all infections world-
wide with a concentration in East and Southern
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Africa and India, CRFO1_AE as the major strain
throughout Southeast Asia, CRFO2_AG as the domi-
nant virus in West Africa and about 30% of strains in
East Africa to consist of URFs [13,21]. However, there
is increased and extensive HIV-1 genetic diversity in
Asia [47,49-52,58] and Eastern Africa [24™,26™]. By
2010, there were about 45 reported CRFs [59], this
figure has more than doubled within a 7-year period
with at least 98 CRFs that have currently been
described [14]. This fast rate of increase in the prev-
alence of CRFs and the fact that several subtypes
cocirculate globally suggests that these numbers will
likely continue to grow in the future. The largest
source of HIV sequence data (subtype B) is from
Europe and the Americas with less data coming from
the Middle East (Table 1). As a result, HIV sequence
databases like Los Alamos [60] tend to represent a
biased sampling and therefore do not necessarily
reflect the distribution of subtypes worldwide. For
instance, subtype B accounted for 55% of HIV
sequences in the Los Alamos database [60] which
is about five times its frequency in the world [61].
Information on subtype diversity based on near full-
length genomes is still relatively scarce with major-
ity of the available data still based on partial HIV
fragments. In East Africa, classification of HIV based
on near full-length sequences showed a prevalence

Volume 14 e Number 3 ¢ May 2019



ty worldwide Bbosa et al.

iversi

HIV subtype d

(0oz=u) @ puo |V sedAqgns
yibua| ||ny 1p8N (£102) [P 4o @97 POLYY/ S opupBn  jo sjupuiquodsl adAjgnsisiul ajpIapoyy a/vy
(e =u)
Aua pup |od
(01 | =u) Aus-nda
4oi/jod (£ =u)
$ou ‘(08 =u)
nda ‘(01 =u) (£102) o 42
yiBusy ||ny 10BN 1IZUPAY ‘(£10) '[P #8 pwioyg
!(gg =u) espajoid ‘(810¢) |p 42 PwioyS ‘(£107) |izoag ul sjusyod
-Bob (| 4 =u) |0 4o sBul|ig ‘(£102) P 42 patoajulod Buowo punoy
Bob !(oy| =u) oopIoN ‘(£10g) [P 4o 1enpg pISy ‘Dol usaq spy eous|prsid Jeybiy
H 8SPNY "(£102) 10 4o npupbN ‘(£102) s03 |1zo1g uayinog ‘pipu| “SPIMPJIOM SUOHOB4U
lo0z=u) |od ‘o 4o ndBN| ‘(81 0Z) ‘|0 +o AoAlg ‘DoLYy UIBYINOg ‘DIUDZUD] ‘DOLYY YiNog AH [P Jo 4oy jo sisisuoD ybiH o)
(£102)
‘o4 Moq ‘(£10g) [o 4
wpps ‘(£107) ‘o +o AsjispD UsSWeA pup ‘sajpliwg
‘(£102) ‘[o 42 owiIT *(£102) qoay pajun ‘pistun|
‘[P 42 OppYPW ‘(£10T) ‘[P 40 'pLIAS “ubpng ‘pIjpWOg
[p1pg ‘(£107) ‘[P 42 eppipuy ‘DIgpIy 1PNDS ‘IDJDY
‘(£102) ‘|p 4o 210IDRQ ‘upw(Q ‘seliojlle|
‘(£102) ‘[P 42 DAOUD||IA uplulss|Pd ‘000010
'(£102) "o 12 uojPY> 'oAqn ‘voungs
‘(£102) Jo 42 ubw ‘(£102) ‘jipan) “upplof ‘bou|
‘o 4o seAlY ‘(8102) [P 4o ‘uny| 4dAB3 ‘ynoqilg
Zaydung-zepupuidH ‘(£107) ‘uipiypg ‘pusbly
‘[o 4o wp|IPS ‘(£10) [0 42 SRR <JeXg) Rl
zaypupg soloy ‘(£10g) ‘[0 40 YHON puD 4503 S|pPIW
(£1e=u) plIDd-Zaigd ‘(81 0Z) ‘|o o pued ‘DIDUYSNY 'SDUOZDWY/
fin (99 =u] jod -opauld (810¢) /o 42 PigGRA 'OpDA|og |3 ‘ezijeg
9 Bob ‘(oG =u) ‘(8102) '[P 4o AoIxely (8107) ‘PNBRIDJIN ‘PWwoURg
yiBus) ||ny 10BN ‘|0 2 Jyoa1eqqeH ‘(8102) ‘SDINPUOH ‘DjoWSIPNS)
‘l961 €z =u) [0 42 Z|oA ‘(81L0T) [P 40 |1ZD1g ‘OdIXaVy ‘puped|
lod (/16 €9 =U) oyolwn] ‘(£10g) ‘o 2 181sO ‘uindg ‘snidAD ‘pLpbing
aspibajul puo |od ‘(£102) [P 42 stuueq ‘(£102) adoing ‘pijpysny ‘wnibjeg ‘wopbury suoyppodwi
(gG/ =u) Aus ‘o 48 usYPUpRIA ‘(£10Z) [P 42 ‘DoLIBWY Yinog pajiun ‘eoupiy ‘DppUDD) snuiA g adAygnsuou s|dijnw
l06£1 =u) Bpg pposorzaiggd ‘(£107) ‘|p o ddog ‘DOlIBWY YHON|  ‘DOLsWY O S8iDis pajiun Jayjo Jo spodai sepnpou| ybiy q
(905 =u) upjsIjeqzN pup sulpyN
aspiBajul ‘piIssny ‘DAOP|OWY
"(zzoe=u) ‘plUDNYIT “DIAD]
lod !(gG/=u) (£102) "o 4o pAOUUBZDY ‘unjszABIAY ‘upjsyypzOY)
Aus pup |od ‘(£10Z) ‘Jp 48 yorodo1 ‘(8 107) ‘pIB109S) ‘DIUO)S]
'Bob (9gg =u) ‘|o 4o pAOYeqlY ‘(810Z) [P 40 pIsyoIn] ‘pisy ‘snipjeg ‘uplioquezy 9V pup
Aue pup Bpo unyy ‘(£107) ‘o +e tepunos ‘DOl 10T ‘Dluswly ‘upispipd ‘DAusy | &Yl sedAignsoiul sepnjoul ybiy v
saduanbas (402K) Apnys uoyndo| saLuno) uondidsaq aspqpipp aduanbas AIH 2Yy4 adAyqns
9|qp|IDAD /ucibal |P31ydpiboag Ul DJPP S|GD[IPAD puD aoloy

ds1wousab AJH

praids diydoiboab
JO |9A9] ayj uo
Pasbq 33u3|pAdId [P]O|D

pemaiaal saipnys Aq sw.ioy jupuiquiodad pup sadAigns | -AJH J0 uounquisip [po1ydoiBosB pup sousjpasid pgojH °L 8jqpL

157

.co-hivandaids.com

1746-630X Copyright © 2019 The Author(s). Published by Wolters Kluwer Health, Inc.



ission

HIV transmi

ics in

Phylogenet

‘wJoy jupuiquiodal anbiun ‘Jyn ‘espdjiosuniy esieAss ‘1Y ‘yiBusl|ny Joau “14N ‘wio} jupuiqwodal Buyojnouo 4y

~ 09 884D
/XA /844D ‘410 GG4ID

(ereL=u) /29 044D D8 £044D
esoajoid (£107) °[o 4o PAoNBLy /10442 xd>79644D
Boo (el =u)  ‘(£107) 048 nH ‘(£10T) P 4o pAuey ‘410694340 pup
Aua/|od "M ‘l£10g) 1P 12 1 *(£102) DOy puo ppupbn “oolyy 410" £944D ‘910 66440
/Bob (g =u) ‘Jo jo Buoy| ‘(g107) ‘o +o {sp3 pup yYinog 4inog ‘DpPOUDY)’SaIUNOD &)|!| SUIDYS pepuUSWWOdal
Aue l(g =u) N ’(g10Z) P 4o OPIW (810T)  ‘PoMBWY "N ‘Pisy upOLIYy -Aimau spnjour ospy 44N 40 SO
|od {(gog=u) ‘[o 4o un4 ‘(810Z) ‘[P 2 'DoLYY ‘puly) ‘uispg obuod M pup [ ‘H-V sadAqns Mau pup
yibua| ||ny 1pBN obBuo] pup (g1 0g) ‘oo oBuo]  Is9AA pUD |olUSD) UIYHIM SOLIJUNOD |DISASS 597204¥D AV 104D Mo sadAigns paxiyy
@ pup vy sadAgns
[y =u) |od (£102) [ 42 1nodgpyop 103 S|PPIW (updyay) uoy| USaM|B JUDUIGUICDRY MO] av seddd
pulyD ‘upuuni
Jo suod ur 37| 043D puP
D9 Z04¥D Yim 84pjndi1o0d
(L6 =u) Ajuowwod pup ) pup g
Aus pup |od ‘Bob (8102) "o 42 uayD oISy pulyD)  seAlgns usamiaq JupuIquIodDy Mo D9 80440
(6y7£=u) 091dB
A =t yfaine) [£10) o 42
ioaN ‘(019=u) 11 °(£10g) P 4o Buopm “(£10g) D pup g sadAigns
Bob (9/z=u) jod o 4o Bupyz ‘(£107) |o 4o Bupk pIsy pulyd o siupuiquooal adAignsiau ajpIapoyy D9 044D
AjisiaAp
(1=u) 14N (£102) SAISUDIX® dI0W MOYs Abw
(GG =u) Aue |0 4o s196poy ‘(£10Z) ‘[P 4o ybnoyip o pup y adAigns
9 jod (g6 =u) |od  opyupN ‘(£10Z) ‘[P 48 1921]-IN DO SOAA uoosswD)) ‘DUDYS O sjupuiqwodal adAignsiaiul ybiH oV Z04¥D
(£81=U) 13606
(0£=u) Bob puo
Aua ‘(g =u)
2 Bs [ (£102) P40 11 "(£107)
‘606 !(geo=u) "o Je ung '(/10g) [ je Buoyz
AUSIpUDIedbos '(810¢) | 40 Bupj ‘(g10¢)
[pwind {(geg =u) ‘[o 42 DIYIYD ‘(8102) o 42 3 adAigns so payisspjo
yiBus) ||y usyD ‘(810¢) [P 42 nX ‘(8102) JowupAyy  Ajsnolaslyd ‘3 pup v sedAigns
s\ {(££8=u) |od ‘1042 11 '(8102) ‘[P 42 PPeN ISy ‘WDUBIA ‘DUIYD) ‘Disauopuy| JO jubuiquiodal adAjgnsisiul ybiy IV LO4Y¥D
(z1e=u) |od
‘(gz=u) yibus) puluabiy
|y 4paN ‘(677 =) (£102) '[p 4o sojPAeD pOLBWY puo uibdg ur WSW SjuDUIqWOdal
yiBus) |ny ooN| (£102) "|p 4o opulpo-oulpny yinog ‘edoiny puyuebiy ‘uindg  Buowo sousjprsid Buispbaiou) MO 4/4 puo |4
saduanbas (402K) Apnys uoynd0| saLyuno) uoydinsag ospqpyop adusanbas AIH ayi adAyqns
9|qp|IPAD /uciBal |P31ydpaiBoag ul DYPP I|GD[IDAD puD Joloy

d1wousab AJH

praids s1ydoiboab
JO |9A9] ayj uo
Paspq a3u3|pAsaid [P]O|D

(panuyuo)) 1 alqpL

Volume 14 e Number 3 ¢ May 2019

.co-hivandaids.com

158



HIV subtype diversity worldwide Bbosa ef al.

of 46% of recombinant viruses in Uganda [26™*]. The
classification of HIV variants based on near full-
length genomes is still relatively low (Table 1)
although some consortia have generated data that
spans entire HIV genomes [62]. One such consor-
tium is the PANGEA HIV [27"] which is a multina-
tional project funded by the Bill and Melinda
Gates Foundation to study the transmission
dynamics of HIV within generalized epidemics
in Africa. PANGEA aimed at generating close to
20000 HIV near full-length sequences mainly
from sub-Saharan Africa which have been valuable
in characterizing HIV variants and understanding
the subtype diversity in several African countries.
Preliminary results have reported close to 50% of
HIV-1 intersubtype recombinants in Uganda based
on near full-length genomes (unpublished data
from PANGEA-HIV, [277]).

Recent data suggest a significant increase in
the prevalence of recombinants in some countries
[26%,55,63""] and several newly discovered CRFs/
URFs in parts of Asia and Africa [49-52,58,59]. This
suggests that coinfection or superinfection by
divergent HIV-1 strains has become more common
in regions where multiple subtypes cocirculate
[26%,42,49,52,64]. Viral sequences from recombi-
nant forms have been shown to affect the accuracy
of phylogenetic reconstructions [65,66]. This is
due to the different regions of the aligned recom-
binant genome having distinct evolutionary rela-
tionships that affect tree topology and branch
lengths [67]. Furthermore, such sequences introduce
errors in phylodynamic inferences [68] by biasing
ancestral state reconstruction and estimations for
the most recent common ancestor [65]. As the preva-
lence of recombinant forms increases, these chal-
lenges are expected to become more important for
molecular epidemiological-based investigations. The
scale up of cheaper near full-length genome sequenc-
ing approaches is critical in improving the accuracy
of viral classification. It is important to consider how
the fast-increasing emergence of HIV recombinant
forms will impact accurate diagnosis, phylogenetic
reconstruction, antiretroviral treatment and future
vaccine development.
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