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The phylogenetic complexity of the primate lentiviruses is legendary and our understanding of
its scope was dramatically increased recently by the discovery of a new branch of the HIV-1 cluster, the
“N" viruses [Simonet al., 1998]. There are now two major branches, “N” and “O”, in the phylogenetic
tree of HIV-1 sequences in addition to the cluster of sequences that form the “M”, or Main group
(Figure 1). The HIV-1 M, N, O, and the chimpanzee CPZ sequences cluster some what differently
depending on the region compared (Figure 1). This is discussed in detail in conjunction with a new
CPZ sequence, CPZ-US, a full length sequence described ind@p1999]. (The CPZ-US sequence
became available too late for inclusion in this study, but is available in the reference set at our website,
http://hiv-web.lanl.gov/ALIGN 99/subtype alignments.html.) At this point in time, however, only the
viruses in the M group have significant public health importance. Genetic diversity within the M group
takes the form of phylogenetic clusters which have been named subtypes. There are now at least 8
different subtypes of HIV-1 which circulate to varying extents in populations around the globe. A
variety of factors make the genetic structure of HIV-1 particularly fluid both in time and space. This
article will provide a description of our current understanding of the major circulating forms in the
HIV-1 epidemic, and a subtyping reference set which can be used as a basis for the classification of new
sequences.

The number of HIV-1 viruses which have been sequenced in their entirety has increased dra-
matically in the past few years [Korbet al., 1997], as have the number of tools designed to detect
the presence of mosaic genomes [Salmieeal., 1995; Siepeét al., 1995]. It is important to distin-
guish newly discovered subtypes from recombinants, and to identify recombinant forms of epidemic
importance. Now that full-length genomic sequencing is no longer a major obstacle, we propose that
a virus isolate should fulfill the following criteria to be considered a subtype: (1) at least two isolates
should be sequenced in their entirety, (2) they should resemble each other but no other existing sub-
type throughout the genome and, (3) they should have been found in at least two epidemiologically
unlinked individuals. By these criteria, there are currently 8 subtypes of HIV-1. We are also aware
that there are many mosaic genomes of HIV-1, some of which are unique, or restricted to one isolated
transmission cluster, and others which are major circulating forms. Recombinant viruses are not as
uncommon as previously thought and are especially prevalent in populations where multiple subtypes
co-circulate. While possibly interesting for other reasons, the unique recombinant viruses do not play
a major role in the global epidemic. In contrast, mosaic viruses which have spread from one location to
another and have been associated with new outbreaks of the virus, such as the AE recombinant virus in
Southeast Asia, have established a distinct and recognizable genetic lineage. It is proposed that those
recombinant viruses be designated “Circulating Recombinant Forms”, or CRFs, in distinction to the
recombinants which are not known to be in circulation. We propose that a virus isolate should fulfill
the following criteria to be considered a CRF: (1) at least two isolates should be sequenced in their
entirety, (2) they should resemble each other but no other existing CRF in their subtype structure and
(3) they should have been found in at least two epidemiologically unlinked individuals. These forms
can be distinguished by associating the CRF with the name of the first full-length viral sequence of
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that form. By these criteria, there are currently 4 CRFs of HIV-1, the AE virus from Southeast Asia,
called "AE(CM240)” [Carret al., 1996; Gaet al., 1996a; Gaet al., 1996b], the AG recombinant from
west and central Africa, called “AG(IbNG)” [Caet al., 1998], the AGI recombinant from Cyprus and
Greece, called “AGI(CY032)” [Gao et al., 1998a; Kostrikisal., 1995; Nasioulast al., 1999], and the

AB recombinant from Russia, called “AB(Kal153)” This sequence was provided prior to publication
by Mika Salminen and is representative of the CRF found in the Kaliningrad VDU epidemic described
in [Liitsola et al., 1998]. The 8 subtypes and 4 major circulating recombinant forms create 12 major
branches in the phylogenetic tree representing the lineage of the M group of HIV-1 (Figure 1).

The 12 major genetic forms of the HIV-1 M group are listed, with selected full-length sequences
to use as references, in Table 1. The subtypes are A, B, C, D, F, G, H, J, and the four CRFs are:
AE(CM240), AG(IbNG), AGI(CY032) and AB(KAL153). New to this edition of the database are the
first full-length sequences from subtypes F, G, H and J, as well as more new isolates from subtypes A,
C and D. In addition, there are new full-length sequences from the CRFs AGI(CY032), AB(Kal153)
and AG(IbNG).

Subtype A, the most prevalent subtype in Africa, has recombined with many other subtypes in a
myriad of permutations and combinations. So far, however, only four of those recombinations, to our
knowledge, have yielded viruses which have spread to a significant extent. The first is a recombination
with subtype E, forming the AE virus prevalent in Southeast Asia [€bat., 1996; Gao et al., 1996a;
Gaoet al., 1996b]. The parental E virus has never been found. The virus contains a subtype E env and
LTR, but most if not all of the remainder of the virus derives from subtype A. The second and third
A recombinants which have spread extensively are ones which have recombined with subtype G. The
first of these viruses is called “AG(IbNG)”. The first isolate of this CRF which was fully sequenced was
from Ibadan, Nigeria and was named “IbNG” [Howaetal., 1994; Howarcet al.,, 1996; Gao et al.,
1996b]. Other viruses with the same structure have been fully sequenced from Djibouti and Ivory Coast
[Carret al, 1998; Carret al., 1999] and there are many partial sequences from west or west central
Africa, all of which cluster with IbNG [Ellenbergest al., 1999; Takehisat al., 1998; McCutcharet
al., 1999]. The AG(IbNG) virus is mosaic in pol and LTR, but since both gag and env derive largely
from subtype A these viruses were initially classified as subtype A [Hoebad, 1996]. In fact, in
both gag and env they form a significant subcluster within the A subtype and can be recognized even
using partial sequencing of familiar regions. The third major CRF is AGI(CY032), a recombinant
between subtypes A and G and possibly another previously unknown subtype, I. Like the parental E
virus, the parental, “pure” | virus is not known. Two of the three viruses of this type have been found in
epidemiologically unlinked individuals in Cyprus and Greece [6&al., 1998; Nasioulast al., 1999].

The last A recombinant to be identified is the AB(Kal153) virus from the city of Kaliningrad in Russia.
Some of this recombinant is from subtype A but most of the env region is subtype B. This recombinant
has been responsible for an explosive epidemic among drug users in the city of Kaliningrad [Eiitsola
al., 1998].

The genetic structure of the first full length AG(IbNG) and subtype G viruses has been recently
published [Carmet al, 1998]. In protease, in the accessory gene region, and at the very end of env,
an unusual phylogenetic relationship exists between subtypes A, G, AE(CM240) and AG(IbNG). In
a genetic sense, they are neither as close, nor as distant, as in other regions of the genome, where
it is simple to identify the region as belonging to a given subtype. In these regions they show an
intermediate relationship. While this phenomenon is observed with the A, G, E and IbNG cluster, it is
not observed with the other subtypes in the same regions. It is therefore not due to a general weakness
in the information content of the region or to the analytic approach. Some have suggested that the G
viruses are actually recombinant with subtype A in these regions éGalg 1998), and while this is a
possibility, others are unable to convincingly demonstrate a recombinant nature for the G viruses [Carr
et al, 1998]. At the moment the issue is not completely resolved.

A variety of intersubtype recombinants combining segments of A and C, A and D, B and F, and
others have been described or are known in yet-to-be-published studies. Each of these unique forms
could potentially spread epidemically, and as new recombinants are studied it is increasingly important
to compare them in detail to the full spectrum of known recombinant forms. The initial events leading
to the emergence of recombinants may be better understood in future years.
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Table 1A Updated Proposal of Reference Sequences of HIV-1 Genetic Subtypes and Circulating

Recombinant Forms

Subtype Sequence ID’s Region
A U455 92UG037.1 Q2317 SE7253 complete genome
B HXB2 JRFL RF WEAU.160 complete genome
C ETH2220 92BR025 IN21068 96BW05.02  complete genome
D NDK ELI 94UG114 84ZR085 complete genome
F 93BR020.1  FIN6393 VI850 complete genome
BZ162 V169 gag
BZ163 BZ126 env
G? SE6165 HH8793 DRCBL complete genome
H 90CF056.1  VI991 VI997 complete genome
VI5573 gag env
J SE9280.9 SE9173.3 complete genome
Circulating Recombinant Forms (CRFs)
AB(KAL153) KAL153* complete genome
AE(CM240) CM240° 90CR402.1  93TH253.3 complete genome
TN235 env
AG(IbNG) IBNG® DJ263 DJ264 complete genome
AGI(CY032) CY032.3 PVMY PVCH complete genome
Group
N YBF30 complete genome
0] MVP5180 ANT70 complete genome
Chimpanzee SIV Isolates
CPz CPZANT® CPZGAB complete genome

! The sequence 94UG114.1 is the most distant complete genome D subtype sequence (see trees), tending to branch
off closest to the B/D root in most analyses. In some subgenomic regions, it may even move outside the B/D cluster.

2 The G reference sequences may show resemblance to subtype A in regjmols \of, andenv[2, 8]. The
sequence NG083.2, characterized as an AG in [8] shares a similar genetic structure with the three sequences listed
as G here.

3 Full length gene sequencesgsg pol, or envare not yet available, see Table 1B.

4 A circulating recombinant form with A and B subtype subregions in an epidemic strain in an outbreak in
Kaliningrad. Only one full-length genome is available at this time [14].

5 Circulating Recombinant Form AE was called subtype E in previous compendia and the previous literature, but
it is E in most ofeny, A in gagandpol, mixture d A & E in regulatory genes [3, 8, 14].

6 Circulating Recombinant Form AG(IBNG) recombination breakpoints are described in [2].
7 Circulating Recombinant Form AGI(CY032) recombination breakpoints are described in [7].

8 A275 bp insertin CPZANT, near thé 8nd of thepol gene was deleted from the subtype reference set alignment,
because this insert is not related to any HIV or SIV sequence, and likely represents a cloning or sequencing artifact.
See pages |1-54 to I-55 of the 1997 HIV Sequence Compendium.

-12
DEC 98



HIV-1 Genetic Subtypes

‘suolBal a1 .V, A|qissod awos ureluod Ayl se ‘AJIsse|d 01 JNIYIp ae SaSNUIA ©) 8SaY ] x«
obuo) Jo 21gnday dnesoowa ayl pajied Mou Si alrez 1awloy ay] «

xOdasaiez VN  8edwod (966T) 0SE-9¥ETZZ (0MAIS N ‘Bp|anasaeH ozlzvn 1INVZdO ZdD
uoges VN  @19/dwod (066T) 65E—9SEGVEaINTENR 18 “1 18NH ¥STZSX avozdo Zdo

uoosawe) ¥N  81/dwod (766T) 96GT—98ST:89 [OIA[E 19 "IN ‘Op|onasaeH 185021 01NV 0
uoosswe) 66T @19|dwod (¥66T) SBST—TBSTB9 [CIA [ 18 "D UBUND T.G0271  08TSdAW 0
uoosawe) G66T @19|dwod  (866T) LEOT—ZEOT:HBUIDIPSIN ainele 18 4 ‘uowis 220900CV 0£49A N
809819 vN  @18|dwod (666T) ssa1d UIHHY® 19 'O ‘se|noiseN 0286TTdY HOAd  (2€0AD @)DV

809319 vN 819|dwod (666T) Ssa1d UrJHH¥e 18 "D ‘sejnoiseN 6T86TTV AWAd  (2E0AD &)IDV

(909819) snidAD ¥66T e19|dwoo (866T) ssa.d Ul JOIN'R 12 ' ‘0B LEE6Y0AV €'2E0AD 1OV
(nnoqilg) soue. vN  @19|dwod (866T) TE—ZZLVZ ABOOIR 18 "M ‘1D £22£904Y €9zrd (oNgl &m)ov
(nnoqilg) souei vN  219/dwod (866T) Te—2ZL ¥ ABojolipe 12 M ‘Led ¥22€904VY v9zra (oNgl oV
euabiN VN @19|dwod (¥66T) LGLT-SS.TOTHHEME 18 ‘IN'L ‘pJemoH 90T6E1 ONdl ov

puejreyy N NS (Z66T) G68T—/88T:84HYY 19 "I ‘UBYIINDIN 869€071 GeZNL  (ovzwo &)av

puereyL €66T @19|dwod (966T) 620.—€T0L 0L 101418 4 ‘0D 68TISN  €€SZHLIE6  (OVZND &I)3av

‘day v WeD 066T @19|dwod (9661) 620.—€T0L 0L |0NAEID A ‘0D 88TISN  T'20v4006  (OvZWD &fI)av
puerey 066T @19|dwod (966T) E¥65—GE6S0L [OIA‘[R 18 "M ‘e TLL¥SN OvZIND Iv

eissny VN  a19|/dwod (866TPauysignduio’INl ‘uauIWes 194 auou ESTIVM av
(x0dQqyeiez) uspams VN  81/dwod (666T) SSa1d UIHH#RAS *| ‘usuespneT 66£2804V €'€.763S )
uspams VN  81/dwod (666T) SSaId URJH#RAS “| ‘usueypne ¥6£2804V 6°08263S c
xQdasaiez VN feb (€66T) 08.—69/:2Sdl4e 13 °C ‘a16emMno] €6/TT1 LSSIA H
xodaselez WwN SA-EA (¥66T) 6.8—./8:0THHYY 18 ‘M ‘suassuer 99960N LSSIA H
wnibjag VN  @1jdwod (866T)paysigndure 18 "L ‘usuexpine] 194 auou LBBIA H

wniblag vN  o19|dwod (866T)Paysligndufe 1 *| ‘usuexpine] 194 auou T66IA H

‘dey v Wed 066T @19|dwod (866T) 869508952/ |01A@ 19 4 ‘0D 96¥5004V  T°9504006 H
wnibjag vN  a19|dwod (666T) ssaid urHHYe 18 "H ‘'syouIB0 9€6v7804V 19040 o)

(eAusy) puejui4 vN  @19/dwod (866T) TE—CZLYZABol0IiR 18 "M ‘1eD 0v91904dY  T'T'€6/8HH )
(+x0dQ/aiez) uspams €66T @19|dwod (866T) TE—zZ LYz ABoj0IifR 18 "M [ ‘1eD Zr9T904V G9193S x5
lizeig VN  jou-Aud (¥66T) 29G5-T9S0THHYYL 10 [ ‘a1femnoT 280221 9z174 E

lizesg VYN  jou-Aud (¥66T) L9S5-T9S0THHHYL 18 [ ‘Bifemnon §80221 €9129 B

(epuemy) wnibjag WwN Beb (€66T) 08.-69/:2SAlle 18 C ‘a1bemnoT] 96/TT1 69IA 4
lizeig wN feh (€66T) 08.—69/:.SAME 18 'C ‘a1ibemnoT TG.TT 29174 4

pue|ui4 VN  819|dwod (866T)PaYSIIgNAUg 18 "1 ‘usueNeT €045204Y £9€6NId 4
(+x0dqyeirez) wnibjag €66T @19|dwod (866TPaysiigndufe 1 ' ‘Led 9€£//04V 0S8IA =
l1zelg €66T @19|dwod (866T) 869508952/ |01A[€ 19 H ‘0D ¥6¥S00dY  T°02049E6 4
xQdasaiez ¥86T  @19|dwod (866T) 869508952/ [OINR 18 A ‘0BD 22888N G804ZV8 a
epuebn ¥66T  @19|dwod (866T) 869508952/ [OIA[R 18 H ‘0D ¥Z888n  TYIIONY6 a
xOdqayelez vN  a19|dwod (986T) ¥2—€997 1190 18 "IN ‘U0ZIlY  ¥T¥Y0X ‘PSPEON 13 a
x0dqayeiez vN  @edwod (686T) ¥8z—G.zT8RURS) R 18 "g ‘auds €2€L2IN ManN a
euemslog 966T a9|dwod (866T) PaNIWANS [OIN'[R 18 A ‘DISHAON /960TTdY  20'SOMd96 o}

elpu| VN  o19|dwod (866T)Payslignduie 18 *S™M ‘8|07 GST/904Y 890TZNI o)

lizeig Z66T @18|dwod (966T) 2G9T-TS9T0L |0IA[R 18 A ‘0D €6625N  8'G20H9Z6 o)

eidoylq 986T @19|dwod (966T) BEET—6ZETCTHHYR 18 "O'IN ‘UsuIwes 9T09vN 0zZzzH13 o)

v'sS'n VN  819|dwod (G66TIPaYsIgNdue 18 “M'S ‘Ysoyo GETTZN  09TNVAM 9

(meH) 'v's'n €86T @19|dwod (986T) 879—L€9GY I1I8[B 18 "Y' ‘YoIoelS  80SZTN ‘TSV.LTIN 4y g
v'sn vN  @19/dwod (066T) 698BEaINTENE 18 "Y'M ‘UBLF.0 Z£9€9N 40 9

souelS ¥N  819/dwod (G86T) 82—/ LZETERINEN 19 4 ‘[eelS-DUOM  ZEVBEIN ‘SSYEOM ZaXH g

(elrewos) uspams ¥66T  @19|dwod (866T) paysigndue 18 "M ‘e 0/96904Y €62/3S \
eAuay| ¥66T  @19|dwod (866T) TSZ8—0Z82. IONAIR 1S ‘N ‘SSod 5887004V L1€20 v

epuebn Z66T @18|dwod (966T) 620.—€TOL0.L [OINIR IS A ‘0BD 06TISN  T°LE09DNZ6 v

epuebn VN  @1|dwod (066T) 8L0T—€.L0T:94HYe 18 "A'T ‘Welo 0ZEZIN SsvN \

(wbuo) Anunoo budwes  ueak Buldwes uolbay 22Inos "ON 00V aouanbas adAigns

suawubie ul saouanbas jo uonduosag gt 9|geL

-13
DEC 98



HIV-1 Genetic Subtypes

SIVCPZANT M.MVP51
O_CM.ANT70 oc Po180
N_CM.YBF30
SIVCPZGAB
C BR.92BR025
C_IN.21068 C_ET.ETH2220
C_BW:96BW0502 D_ZR.84ZR085
D_UG.94UG114
D_ZRELI
D_ZR.NDK
B_US.JRFL
gag B_FR.HXB2R
B _USRF
H_CF.90CF056 B_USWEAU.160
H_BE V1967 F_FI.FIN6393
F_BR.93BR020
H_BE.VI991
J SE.SE9280
A_UG.U455 J SE.SE9173
A_SE.SOSE7253_ —
A_UG.92UG037 G_BE.DRCBL
A_KE.Q2317 G_SE.SE6165
AB_KAL153 G_FI.HH8793
AG_NG.IBNG
AEE;FFIQ:{RD‘I]DZ\?ZE AGI_GR.97PVCH
AE CF 900F402 AGI_CY.94CY 0323
AE_TH.93TH253 AGI_GRI7TPVMY
AE_TH.CM240

.10

0
(5]
7

=
@®
c

<

-14
DEC 98



pol

HIV-1 Genetic Subtypes

SIVCPZANT
O_CM.ANT70
O_CM.MVP51
SIVCPZGAB
N_CM.YBF30
J SE.SE9280.9
J SE.SE9173.3
H_BE.VI991
G_SE.SE6165
a H_BE.VI997
G_BE.DRCBL ~ H_CF.90CF056.1
G_FI.HH8793.1.1 D_UG.94UG114.1
D_ZR.84ZR085
AG_NG.IBNG S YREL
AG_FR.DI264 D_ZRNDK
AG_FR.DJ263 AB_RU.KAL153 2
A_UG.U455 B_USRF
A_UG.92UG037.1 B_USWEAU.160
— B_US.JRFL
A_SE.SE7253 B_FRHXB2
A_KE.Q2317
AE_CF.90CF402.1 C_BW.96BW05.02
AE_TH.CM240 C_IN.21068
AE_TH.93TH253.3 C_BR.92BR025.8
P BR SBR s C_ET.ETH2220
= e VI850 AGI_CY.CY0323
- AGI_GRO7PVMY
AGI_GR.97PVCH
10

Analyses

-15
DEC 98



HIV-1 Genetic Subtypes

SIVCPZGAB

H_BE.VI997
H_CF.90CF056.1
G_BE.DRCBL H_VI557 ) SE.SE0280.9
H_BEVIgo) J SE.SE91733
V1850
G_SE.SE6165 F_BZ126
G_FI.HH8793.1.1 F—BFZEGS 93BRO20.1
AG_NG.IBNG F_FI.FIN9363
AG_FRDJ264 AGI_GR.97PVCH
AG_FRDJ263 " AGI_CY.CY0823
A_UG.U455 ~AGI_GRI7TPVMY
A_UG.92UG037.1
C_BW.96BW0502
A_KE.Q2317 C_IN.21068
A_SE.SE7253 C_BR.92BR025
B_USRF
5 UswER SR C_ET.ETH2220
a 6 USIRFL AE_TH.CM240
B_FRAXB2R AE_TH.TN235
AB_RU.KAL153 2
| AE TH.93TH253.3
D_ZR.NDK AE_CF90CF402.1
D ZRELI  D_UG.94UGI14.1

0
(5]
7

=
@®
c

<

D_ZR.84ZR085

.10

I-16
DEC 98

O_CM.MVP51
O_CM.ANT70

SIVCPZANT

N_CM.YBF30



HIV-1 Genetic Subtypes

SIVCPZANT
O_CMANT70 5 cm.MmvPs180
SIVCPZGAB
N_CM.YBF30
G_BE.DRCBL J_SE.SE9280.9
J SE.SE9173.3
H_BE.VI991
G_SE.SE6165 — "H_BEVI097
G_FI.HH8793.1.1 H CF.90CF056.1
AGI_GR.97PVCH C_BW.96BW05.02
AGI_GR.97PVMY C_IN.21068
AGI_CY.94CY032.3 C_BR.92BR025.8
C_ET.ETH2220
A_UG.U455 =
A_UG.92UG037.1 F_FI.FIN9363
A_SE.SE7253 F_BE.VI850
A_KE.Q2317 F_BR.93BR020.1
AG_NG.IBNG D_UG.94UG114.1
AG_FR.DI264 D_ZR.84ZR085
AG_FR.DJ263 D ZR.ELI
AE_CF.90CF402.1 D_ZR.NDK
AE_TH.CM240 | B_FRHXB2
AE TH.93TH2533  B_USJRFL AB_RU.KAL153 2
B_USWEAU1160
B_USRF
10 7]
(O]
"
>
©
c
<
n-17

DEC 98



HIV-1 Genetic Subtypes

REFERENCES

[1] Carr, J. K., M. O. Salminen, C. Koch, D. Gotte, A. W. Artenstein, P. A. Hegerich, D. St. Louis,
D. S. Burke, and F. E. McCutchan. 1996. Full-length sequence and mosaic structure of a human
immunodeficiency virus type 1 isolate from Thailardd Virol. 70:5935-5943.

[2] Carr, J. K., M. O. Salminen, J. Albert, E. Sanders-Buell, D. Gotte, D. L. Birx, and F. E. McCutchan.
1998 Full genome sequences of human immunodeficiency virus type 1 subtypes G and A/G intersubtype
recombinantsVirology 247(1):22—-31

[3] Carr, J.K., T. Laukkanen, M. O. Salminen, J. Albert, A. Alaeus, B. Kim, E. Sanders-Buell, D. L. Birx
and F. E. McCutchan. 1999. Genetic Characterization of HIV-1 Subtype A Full Length Genomes from
Africa. Submitted.

[4] Ellenberger, D.L., D. Pieniazek, J. Nkengasong, C.-C. Luo, S. Devare, C. Maurice, M. Janini, A. Ramos,
C. Fridlund, D. J. Hu, I.-M. Coulibaly, E. Ekpini, S. Z. Wiktor, A. E. Greenberg, G. Schochetman and M.
A.Rayfield. 1999. Genetic Analysis of Human Immunodeficiency Virus in Abidjan, Ivory Coastreveals
predominance of HIV type 1 subtype A and introduction of subtyp&IB®S Res Hum Retroviruses
15:3-9.

[5] Gao, F., S. G. Morrison, D. L. Robertson, C. L. Thornton, S. Craig, G. Karlsson, J. Sodroski, M.
Morgado, B. Galvao-Castro, H. von Briesen S. Beddows, J. Weber, P. M. Sharp, G. M. Shaw, B. H.
Hahn, and the WHO and NIAID networks for HIV isolation and characterization. 1996a. Molecular
cloning and analysis of functional envelope genes from human immunodeficiency virus type 1 sequence
subtypes A through Gl. Virol. 70(3): 1651-1667.

[6] Gao F., D. L. Robertson, S. G. Morrison, H. Hui, S. Craig, J. Decker J, P. N. Fultz, M. Girard, G. M.
Shaw, B. H. Hahn and P. M. Sharp. 1996b. The heterosexual human immunodeficiency virus type
1 epidemic in Thailand is caused by an intersubtype (A/E) recombinant of African origixirol.
70(10):7013-1029.

[7] Gao F., D. L. Robertson, C. D. Carruthers, Y. Li, E. Bailes, L. G. Kostrikis, M. O. Salminen, F.
Bibollet-Ruche, M. Peeters, D. D. Ho, G. M. Shaw, P. M. Sharp and B. H. Hahn. 1998a. An isolate of
human immunodeficiency virus type 1 originally classified as subtype | represents a complex mosaic
comprising three different group M subtypes (A, G, andlVirol. 72(12): 10234-10241

[8] Gao, F., D. L. Robertson, C. D. Carruthers, S. G. Morrison, B. Jian, Y. Chen, F. Barre- Sinoussi,
M. Girard, A. Srinivasan, A. G. Abimiku, G. M. Shaw, P. M. Sharp, and B. H. Hahn. 1998b. A
comprehensive panel of near-full-length clones and reference sequences for non-subtype B isolates of
human immunodeficiency virus type 1. Virol. 72(7): 5680-5698

[9] Gao, F., E. Bailes, D. L. Robertson, Y. Chen, C. M. Rodenburg, S. F. Michael, L. B. Cummins, L. O.
Arthur, M. Peeters, G. M. Shaw, P. M. Sharp and B. H. Hahn. 1999. Origin of HI\Paimtroglodytes
troglodytes Nature 3976718): 436-441

[10] Howard, T. M., D. O. Olaylele and S. Rasheed. 1994. Sequence analysis of the glycoprotein 120 coding
region of a new HIV type 1 subtype A strain (HIV-1IbNg) from NigeriDS Res. Hum. Retrovirus
10(12): 1755-1757.

[11] Howard T. M. and S. Rasheed 1996 Genomic structure and nucleotide sequence analysis of a new HIV
type 1 subtype A strain from Nigeri®IDS Res. Hum. Retrovirud2(15):1413-1425.

[12] Korber, B., B. Hahn, B. Foley, J. W. Mellors, T. Leitner, G. Myers, F. McCutchan and C.L. Kuiken
(ed.) Human Retroviruses and AIDS 1997: A Compilation and Analysis of Nucleic Acid and Amino
Acid Sequenced.os Alamos National Laboratory, Los Alamos, NM.

[13] Kostrikis, L. G., E. Bagdades, Y. Cao, L. Zhang, D. Dimitriou, and D. D. Ho. 1995. Genetic analysis of
human immunodeficiency virus type 1 strains from patients in Cyprus: identification of a new subtype
designated subtypeJ. Virol. 69:6122—-6130.

[14] Liitsola K., I. Tashkinova, T. Laukkanen, G. Korovina, T. Smolskaja, O. Momot, N. Mashkilleyson, S.
Chaplinskas, H. Brummer-Korvenkontio, J. Vanhatalo, P. Leinikki and M. O. Salminen. 1998. HIV-
1 genetic subtype A/B recombinant strain causing an explosive epidemic in injecting drug users in
Kaliningrad. AIDS12(14):1907-1919.

0
(5]
7

=
@®
c

<

-18
DEC 98



HIV-1 Genetic Subtypes

[15] McCutchan, F. E., J. K. Carr, M. Bajani, E. Sanders-Buell, T. Harry, T. C. Stoeckli, K. E. Robbins,
W. Gashau, A. Nasidi, W. Janssens and M. L. Kalish. 1999. Subtype G and multiple forms of A/G
interspecific recombinant human immunodeficiency virus type 1 in Nig¥falogy in press.

[16] Nasioulas, G., D. Paraskevis E. Magiorkinis, M. Theodoridou and A. Hatzakis. 29B% Res Hum
Retrovirusesn press

[17] Salminen, M.O., Carr, J.K., Burke, D.S. and F.E. McCutchan. 1995. Identification of breakpoints
in intergenotypic recombinants of HIV type 1 by bootscanniddDS Res Hum Retrovirusd995
11(11):1423-1425

[18] Siepel, A.C., Halpern, A.L., Macken, C. and B.T. Korber. 1995. A computer program designed to
screen rapidly for HIV type 1 intersubtype recombinant sequences. 29B%S Res Hum Retroviruses
11(11): 1413-1416

[19] Simon, F., P.Mauclere, P. Roques, |. Loussert-Ajaka, M. C. Muller-Trutwin, S. Saragosti, M. C. Georges-
Courbot, F. Barre-Sinoussi and F. Brun-Vezinet. 1998 Identification of a new human immunodeficiency
virus type 1 distinct from group M and group ®at. Med 4(9):1032-1037

[20] Takehisa, J., L. Zekeng, E. Ido, I. Mboudjeka, H. Moriyama, T. Miura, M. Yamashita, L. G. Gurtler,
M. Hayami and L. Kaptue. 1998. Various types of HIV mixed infections in Camerddrology
2451):1-10.

-19
DEC 98

Analyses



