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Summary: The genetic subtype was identified in gag and env of 219 HIV-1—positive
samples collected in different African countries, 44 from Senegal, 55 from Cameroon,
82 from Gabon, and 38 from Djibouti. In total, 20 (9.1%) samples had discordant
subtypes between gag and env, 6 of 44 (13.9%) in Senegal, 4 of 55 (7.2%) in Cam-
eroon, 1 of 38 (2.6%) in Djibouti, and 10 of 82 (12.1%) in Gabon. Subtypes A and G
were predominantly involved in the recombination events. Phylogenetic tree analysis
of gag showed that an important number of the A sequences form a distinct subcluster
with the AG-IBNG prototype strain (a complex A/G mosaic virus): 27 of 32 (84.3%)
in Senegal, 12 of 17 (70.6%) in Nigeria, 24 of 39 (61.5%) in Cameroon, and 38 of 70
(54.3%) in Gabon. Full-length genome analysis of 3 and additional sequences in pol
for 10 such strains confirmed that they have a similar complex A/G mosaic genomic
structure. These data suggest that in West Africa, most probably between 60% and
84% of the subtype A viruses are recombinant AG-IBNG viruses. This finding has
potential implications on future vaccine, diagnostic, and treatment strategies. The
actual and future role of these viruses in the global pandemic must be monitored in all
new molecular epidemiologic studies, a discrimination between subtype A and AG-
IBNG-like viruses is necessary. Key Words: HIV-1 subtypes—env—gag—
Recombmatlon—AG IBNG—Africa.
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Phylogenetic analysis of HIV-1 viruses from different
geographic locations has revealed that HIV-1 can be di-
vided into at least three distinctive groups, M, N, and O
(1). Group M, which is the major group, comprises most
HIV-1 strains that cause AIDS worldwide. Full-length
genome sequencing showed that group M HIV-1 viruses
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can’ be further subdivided into at least nine different,
nonrecombinant, subtypes (A, B, C, D, F, G, H, J, and K)
approximately equidistantly related with intrasubtype di-
vergence up to 20% and intersubtype divergence be-
tween 25% to 35%, for the Env amino acid sequences
(2-4). HIV-1 group O viruses have only 50% similarity
with the HIV-1 group M isolates in the env gene (5,6).
There are also many mosaic genomes of HIV-1, some of
which are unique or restricted to one transmission clus-
ter, and others that are major circulating forms (3). It was
proposed to ‘designate those recombinant viruses as
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“circulating recombinant forms (CRF),” by associating
CRF with the name of the first full-length sequence of

. that form. There are currently 4 CRFs of HIV-1: AE- -

CM240 from southeast Asia, the AG-IBNG from Africa,

the AGI-CY032 from Cyprus and Greece, and AB-

~ KAL153-like viruses found in the epidemic among in-

- travenous drugs users (IVDUs) in Kaliningrad in Ru551a
C) R

-+ The various HIV-1 groups and subtypes dlffer in thelr

- geographic dissemination, and so the subtype designa-

tions have been critical molecular epidemiologic markers

for tracking the course of the global pandemic. HIV-1

-group-O seems to be endemic in Central West Affica,.
especially Cameroon, where the frequency of infectionis’

_estimated to be 2% and 5% of HIV-1-infected, individu-
als (7-9). Group N viruses were recently- reported from

. ag-only, 2 Cameroonian patients (1). Among HIV-1. groupM. -
BRI . Virusesy geographic distribution of the different subtypes Sl
"+ dsalso heterogeneous. In Burope and-in North and South ;

America, subtype B is largely dommant whereas in

predommant in West and Central Africa whereas subtype

C is more common in East and South Africa. Subtype D (

is present in Central and East Africa with prevalences

' ranging from 5% to more than 40% of the circulating -

- strains (15,16). Subtype G has been documented in many

West and Central African countries, whereas subtype H -

was only found in Central Africa (2,15). In certain popu-
lations and regions where multiple HIV-1 subtypes. co-

circulate, many combinations of intersubtype recombi- .

nant viruses have been documented (A/C, A/D, B/F,
A/G/I/T) (17-20), and even an intergroup M/O recombi-
nant virus has been recently isolated from a Cameroon-
ian patient (21). Reeomblnant viruses may have some
advantages over the parental strain, including eventual
‘modifications in tropism and replication efficiency (fit-
. ness). Therefore, recombination may play a significant

_role in global HIV evolution, creating novel V1ra1 geno- -

types within populations.

Recombination can be missed if large, portions or dlf-
ferent regions of the viral genome are not examined. The
~ AG-IBNG recombinant virus has been documented in
* several African countries (22); however, the teal preva-

~lence of this virus in the global ep1demlc is still un-
known. This virus has a complex mosaic genomic struc-

ture involying subtype A and G sequences with multiple’
breakpoints, but given that both gag and -env derive °

: ;ongm were tested, 55 from patients_living in Cameroon, 44 from Seén

- have been collected among patients seen at one of three maJor hospltals
: ’m Dakar betwéen 1997 and 1998. All Camerooman samples “Were! i
'collected between 1995 and 1997 from patiénts visiting the mlhtary
: ‘hospxtal in Yaotnde. The samples from Djibouti were all from citizélis -
-of metropotitan France, as previously described (25), who had becom ;
N 1nfected with HIV-1. after overseas deployment in this country "‘Most
* remained asymptomatic but had been infected between 1987 and 1997. %
. The samples from Gabon have been collected in 1997 among differént
" population groups.

5 South and East Africa and in India subtype Cis sptead—, o
ing- rapldly (10-12). In Southeast Asxa the c1rpuIat1n°.‘ .
. yrecombmant AE-CM240 is predommant (12 13). I Af-
& W fica; all HIV-1 groups and HIV-1 grotip M- subtypes have"‘ '
fa been documented; however, their distribution ori’ the AfD
‘rican’ continent is not homogeneous (14). Subtype A, is,

largely from subtype A, these viruses were initially clas-

.sified as subtype A (23,24). However, they form a sig-

nificant subcluster within subtype A in the gag and env .

regions and can therefore be recognized even by using ‘

partial sequencing of familiar regions (22). '
In this study, we tried to identify the proportion of 3

. ~recombinant HIV-1 strains by -identifying the genetic
.subtype in gag and env of more than 200 HIV-1 strains..

collected in different geographic regions, in Africa; We
also estimated the proportion of AG-IBNG-like v1ruses .
among gag or env subtype A viruses.

MATERIALS AND METHODS

Study Samples ‘

T total ‘219 randomly chosen HIV- l—posmve samplés of Aﬂ‘lcan

egal; 38 from Djibouti, and 82 from Gabon, All samples from Senega

DNA was extracted from the primary or short-term cultured periph-

“eral blood mononuclear ‘cells- (PBMCs) using Qiagen (Qxagen S.A.,

Courtabeauf France) DNA isolation kit. -
Genetic Subtyping in the gag Region ‘

A 700-bp fragment correspondmo to the p24 reglon from the gag
gene, was ‘amplified with previously described primers, G00-G01 and
G60-G25(26). The conditions for polymerase chain reaction (PCR)
were as follows: a first denaturation step for 3 minutes at 92°C, fol-

" lowed by 30 ¢ycles of 92°C for 10 seconds, 55°C for 30 seconds, and

1 minute at 72°C, with a final extension for 7 minutes at 72°C, in a final
volume of 50 wl. The reaction mixture congists of 50-mmol/l KCl,
10-mmol/l Tris-HCl (pH 9), 0.1% Triton X- 100 1.4-mmol/l MgClL,,
10-pmol each primer, 0.2-mmol/l each dNTP, and 2.5-U Taq polymer-
ase. Moreover, 1 pl of this amplified product was used for the second
round using the same reaction mixture and PCR conditions for 40 -

- cycles, in a final volume of 100 wl. The PCR amplification products
" were detected by electrophore31s ona 1% agarose gel and vxsuahzed by

ethidiim bromide staining.

Nucleotide sequences were obtained by derCt sequencing of the
PCR products. The amplified DNA was purified using a QiaQuik gel
extraction kit (Qiagen S.A., France). Cycle sequencing was performed
using fluorescent dye terminator technology (dye terminator cycle se-
quencing with AmpliTaq DNA polymerase FS (PE Biosystem) accord-
ing to the manufacturer’s.instructions. ,Eleolrophoresis and data collec-
tion were done on an Applied Biosystems 373A automatic DNA se-
quencer (stretch model, PE Biosystem, Courtaboeuf, France). )
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TABLE 1. Distribution of HIV-1 genetic subtypes in gag'(p24) and env (V3-V5) genes amoné samples collected in various African countries

- Genetic subiype

Discordant-,

. - A B it C D E F G H samples
" Country Gene n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Senegal (n = 44) . gag 32 (72.7) — - 5(11.3) 4(9.1) — — 2(4.5) 12.2) 5(11.4)
. env 33 (75.0) —_ 6(13.6) 409.1) — —_— 1(2.2) — )
Cameroon (n. = 55) gag 39 (70.9) — 1(1.8) 2(3.6) — 9(16.3) 4(7.2) — 4(7.2)
env 39 (70.9) — ©1(L8) 2(3.6) — 11(20) - 2(3.6) —
Dijibouti (# = 38) gag 6157  4(10.5): 27(7) 126 — — — — 12.6)°
env 5(13.1)  4(10.5  27(71) 1(26). 1(2.6) — — —
" Gabon (n = 82) - gag - 70(85.3) —_ R 5.1 — 1(L.2) 4(48) 2024 10 (12.1%) -
. env | 69(84.1) — 5(6.1) 1(1.2) —_ 1(1.2) 6(7.3)- —_ .
< Total (n = 219) gag 147 (67.1) * 4(1.8) "33(15.1) 12(5.5) —_ 10 (4.6) 10(46) 314 200.0D
’ . env 147 (67.1) 4(1.8) 39(17.8) 8(3.7) .1(0.05 12 (5.5) 941 - — .

- Genetic Subtyplng in the env Reglon

*ds desctibed by Delwart et al. (27) and/or by secjuencmﬁof ‘e corre-,
pondm«7 fragment. The V3-V5 region was amphﬁed by hested PCR

“and ES7 and ES8 as innefs. The genetic subtype for samples that

remamed indeterminate using HMA were determinéd- by sequéncing’

‘followed by phylogenetic analysis of the correspondmg region’in the

’envelope The amplified fragments were punﬁed with the Qiagnick gel

‘extraction kit (Qiagen) and then directly sequenced on'an automatic

" géquencer (Applied Biosystems 373A stretch model, PE Biosystems)
using the ABIPRISM Big Dye Terminator cycle sequencing technol-
ogy. : s

Near-Full-Length Genome Sequencing

" Three samples clustering with the AG-IBNG virus, in gag and env,

" were ‘selected to sequence the near-full-length genome, denoted as
98SE-MP1211 and 98SE-MP1213 from Senegal and 97CA-MP807

" from Cameroon. For the samples from Senegal, sequences were done
on DNA from primary PBMCs. The near-full-length genomes (cover-
ing long-terminal repeat LTRS' to LTR3') were first amplified with
LPBS (AAAATCTCTAGCAGTGGCGCCCGAACAGGGAC) and

followed by a second round of two overlapping PCRs (overlap of 1500
bp), a 5400-bp fragment covering gag to Vpu with GO0 (GACTAGC-
GGAGGCTAGAG) and Mvpu3 (TACTATRGTCCACACAACTAT-
KGCT) and a 5000-bp fragment covering 3’ pol to LTR with hpol4235
(CCCTACAATCCCCAAAGTCAAGG) and LsiGl. For the Cam-
eroonian sample, the sequence of the genome was done on DNA from
short-term-cultured PBMCs. Provirus was amplified by a series. of
overlapping nested PCRs amplifying fragments of 2800 bp with an
approximate 700-bp overlap. - ‘

We used the Boehringer Long Template Expand DNA polymerase
(Boehringer Mannheim, Laval, Qc, Canada), according to the instruc-
tions of the manufacturer. The overlapping PCR fragments from each
patient were either cloned and sequenced or the PCR product was
directly sequenced. Sequencing was performed by using cycle sequenc-
ing and dye terminator technology on an automatéd DNA sequencer
(ABI 373A stretch, Applied Biosystems). The sequenced fragments

_Seqed program (Applied Biosystems).

The genetic subtype in the envelope was detemuned by heteroduplex '
obxhty assay (HMA) on the V3-V5 region of the énvelops {700 bp)«“

’usmg the previously described primers ED5 through EDlZ ‘ast outers :

LsiG1 (TCAAGGCAAGCTTTATTGAGGCTTAAGCAG) primers, -

were reanalyzed and assembled into contiguous sequences by using the .

v
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Sequence Analysxs of the pol Gene

_The pgotease and RT genes were amphﬁed with sermnested PCR

" -using G25rey (GCAAGAGTI"I'TGGCTGAAGCAATGAG) and IN3

(TCTA’IVCCATCTAAAAATAGTAC’I'ITCCTGATTCC) as outer, ,
 primers and AV150 (GTGGAAAGGAAGGACACCAAATGAAAG)
sand IN3’ ‘as inner primers, The PCR parameters for the'two rounds wei& i
‘as follovys a first denaturation step for 5 minutes at 92°C, followed by: -,
40 cycles of 92°C for 20 seconds, 50°C for 30 seconds, and 72°C for’

-2 mmutes PCR reactions were done with the rTth DNA Polymerase N :

. fiom Perkm Elmer (Perkin Elmer-Cetus, Norwalk, CT, U.S.A) accord- .
ing to the instructions of the manufacturer. The amplified fraoments
" were purified with the Qiaquick gel extraction kit (Qjiagen) and ‘then
directly sequenced on an automatic sequencer (Applied Biosystems
373A stretch model, PE Biosystems) using the ABIPRISM Blg Dye
Terminator Cycle sequencing technology .

Phylogenetic Analysis

Nucleotide sequences were aligned using CLUSTAL W '(28) with
‘minor manual adjustments, bearing in mind the protein sequences.
Regions that could not be aligned unambiguously, due to sequence
variability, were omitted from analysis. Phylogenetic trees using the
neighbor-joining method and reliability of the branching orders using
the bootstrap approach were implemented using CLUSTAL W. Genetic
distances were calculated with the Kimura’s two-parameter method,
(ratio T:t = 2.0) (29).

TABLE 2. The different discordant gagfenv subtype profiles
observed in this study and the number of samples seen in each of the
countries studied

Country
Subtype

(gag~env)

A-G
A-C
A-E
A-F
D-A
b-C
G-A
H~-A
H-G

Senegal  Cameroon . Djibouti  Gabon  Total

. . -9

I
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EEE
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- Intersubtype Recombinant Analysis

To analyze whether the viruses were recombinant in the sequenced
.regions, several additional analyses were performed. Diversity plots,
using the DIVERT program available online (accessed April 27, 2000;
available at http://193.50.234.246/~beaudoin/anrs/Diversity html), de-
- termined the percentage of diversity between selected pairs of se-
quences by moving a window of 300 bp along the genome alignment
" in 20-bp increments. Divergence values for each pairwise comparison
" were plotted at the midpoint of the 300-bp segment.

C. MONTAVON ET AL. |

FIG. 1. Phylogenetic tree based
on 612 unambiguously aligned
nucleotides from the p24 gag re-
gion of the new HIV-1 isolates
(gray) and reference strains (black)

.formed as described in Materials
«. . and Methods. The reference se
. quences were A-U455, A-K89,

.. HXB2, B-OYI, B-JRFL, C-92BR025,

A-92UG037, A-VI32, B-RF,'B-

", C-ETH2220, C-ZAM18, C-UG268, :
D-NDK, D-Z2Z6, D-ELI, D-1'%
1+ 94UG114, E-S0CR402, E-93TH253, :

representing the different genetic *
... . subtypes. The analysis was per-

A

. ) . E-CM240, F1-93BRO20, F1-VH74, ;

F2-MP257, K-EQTB11;, K-MP535,

K-Vi325, G-92NG003, G-92NG083;

H-90CF056, H-VI557, and AG-

IBNG. F1 and F2 correspond to

representatives of subclades form-
" ing -each separate clusters within

subtype F (4). Bootstrap.values
- <70% are not shown.

Simplot 2.5 software (30), kindly provided by Stuart Ray, was used
to calculate bootstrap plots. For the bootstrap plots, the Simplot soft-
ware performed bootscanning on neighbor-joining trees by using
SEQBOOT, DNADIST (with Kimura’s parameter method and a tran-
sition:transversion ratio of 2.0), NEIGHBOR, and CONSENSUS from
the Phylip package for a 500-bp window moving along the alignment
in increments of 50 bp (this approach is similar to the bootscanning
method described by Salminen et al. [31]). We evalpated 100 replicates
for each phylogeny. Bootstrap values for the studied sequences were
plotted at the midpoint of each window.

JAIDS Journal of Acquired Immune Deficiency Syndromes, Vol. 23, No. 5, April 15, 2000
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TABLE 3. The number and percentages.of the subtype A samples clustering with the AG IBNG prototype strain in gag (p24), and the genettc
distances observed in the different subtype A clusters

. - Subtype A ¢ Genetic distances (mean and extreme valtes)

Country ; IBNG n (%) non-IBNG n (%) ’ IBNG. - non-IBNG . . IBNG + non-IBNG
Senegal O 2I2(843) . 532 (157) 43 (17217 75 (3.9-109) 6.2 (1.7-11.5)
Cameroon 24/39 (61.5). - 15/39 (38.4) 4.8 2.1-1.7) 8.3(2.9-10,6) - 7.3(1.7-11.2)
Djibouti —_ , 6/6 (100) — 72(1.8-9.6) - . )
Gabon : 38/70 (54.3) 32/70:(55.7) 5.0(1.6-9.9) 7.5 (1.0-11.7) 12 (1.0-13.5).

Other subtypes: 5.4 (0.9-10.6).

Genetic distances were calculated with the Kunura two parameter method, using the same alignment as used for the construction of the phylogenetic

trees in Flgure 1.

Genbank Accessmp Numbers
B The accession numbers’ for the gag sequences are as fOIIOWS
AT286366 to AJ286420 for Camieroon: AJ286421 to AJ286500,
AJ286539, and. AJ286540 for Gabon;and’ AT286501to° AJ286538 for
- France (contaminated w1th HIVi-ini Diibouti): Thi gag. sequences
* from Senegal are-available- undqr Following nimbers: AJ274541 to
. A1274545 AJZ74547, A1274548,:AJ274550 to AJ274552 AJ274555

l
oy,
H ]

LR BEV1850

to AJ274557, AJ274559, AJ274560, AJ274563, AJ274565 to
AJ274567, AJ274569 to AJ274574, AJ274576. to AJ274579,
'AT274581; AJ274583, AJ274586, AJ274590, AJ274592 AJ274596,
AJ274600, AJ274604, A1274612 AJ274613 A1274615 AJ286541,
and AJ286542.

The pol sequences are available in Genbank with the accession num-
bers AJ286134 to AJ286143: The; near-full-length-genome. sequence
accession numbers are: AJ286133 for 97CM 807, A1251056 for 985E—

MP1211, and A1251057 for 9SSE MP1213

. FLFLFIN9363, " F2-05CMMP255
F1-93BR020 oy v F295CMMP2sT
Fl-96FRMP411 « B Y A K-96CMMPS35 '
A K-97ZREQTB11
‘ " C-ETH220
: C-92BRO25
D-ELI : ,
D-NDK
D-84ZR085
D-94UG114 N 100 100 o , H-BE.VI91
} - S H-90CROS6
' BHXB 4 ) _— H-BE.VI997
B 2 ) 100 . 100
- BJRFL ,
B-OYI o0 - 100 ~ 100
'BRF
£ G-92NG003
0
, 1 : G-HHET93
‘ 100 , : 100 G-SE6165
J-SE.SE92809 G- 92NG0853
’ r
J-SE.SE91733 wo/ - 100 :
A-U455
A/E-CM240 A-92UG037
. A-Q23
A/E-93TH253 - AIGDI263
AJE-S0CF402 A/G-DY264 28SE.MP80]
: A/GIBNG 98SE.MP1211

93SE.MP1213

0.01

4!'

FIG. 2. Phylogenetic tree of the
near-full-length sequences of the

three new HIV-1 viruses with ref- -

erence strains from each of the

known subtypes. The analysis. .

was performed as described in

" Materials and Methods and using

the same references sequences
(except K-VI325) as for the gag
trees in Figure-1. Bootstrap values
<70% are not shown.
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. ~ RESULTS
Genetic Subtypes in the env and gag Genes

Table 1 shows the genetic subtypes identified in the
V3 to V5 region of the envelope by HMA and the num-
bers and percentages of the genetic subtypes identified in
the p24 region of the gag gene by sequencing followed
by phylogenetic. tree. analysis, for the corresponding
strains in the different countries. In the West and Central
West African countries subtype A was predominant in
gag and env, whereas in the East African country,
Djibouti, subtype C- was, the classification of most
samples. As.shown jr Table 1, the subtype distribution is
slightly drfferent between the envelope and the gag re-
gions. Only small dlfferences were seen, for the percent-
ages. of A,IC D
tWo, dlfferent genopmc‘ egrons‘, e
. Amono theA sample from Senegal 5 (11 4%) had
dlscordant subtyp de51gnat1qns between envelope and
8ag. In Cameroon 4.
107 (12, 9%) of 82 samples 5

'dlscordant In D]1bout1

only 1 dlscordant sample was:seen énd tlns corresponded 4

to:an env subtype E sample'w1th 2 gag subtype A se-
quence, as commonly documented among circulating re-
combinant AE straifs.

Table 2 shows the different discordant subtype pro-
files observed between | gag and env in the different coun-

tries. Overall, among the total 20 discordant samples, 9

different profiles were seen and in 7 of them subtype A
* sequences, either in gag or env, were involved. In only 3
of 20 discordant samples, no A sequences were involved
and among the other 17 samples, 9 were A in gag and 8
were A in the envelope. ‘

Phylogenetic Analysis of the gag (p24) Sequerices

Figure 1 shows the phylogenetic tree analysis of the '

- gag sequences for the different geographic regions.
These phylogenetic trees show that among the subtype A
sequences, distinct -subclusters can be identified, more
specifically, an important number of the gag A se-
quences form a distinct subcluster with the AG-IBNG
prototype strain (a complex. A/G mosaic virus [22]).
These AG-IBNG clusters are supported with high boot-
strap values of 97% in Cameroon and only 45% and 47%

'G and H: subtype samples in the

(7:2%), o£ 55 samples ‘and in Gabon

“in Gabon and Senega.l respectively. None of the subtype

A samples from DJlbout1 clustered with the AG-IBNG
virus. L :

Table 3 summarizes the number of subtype A samples :
studied that may form a separate cluster with the AG-
IBNG prototype strain. Overall, 89 of 147 (60.5%) sub-
type A gag sequences are close to AG-IBNG in the phy-
logenetic tree. In Senegal; 27 of 32 (84.3%). of the env
subtype A viruses are’ IBNG-like in gag, whereas in
Cameroon and Gabon, 24 of 39 (61.5%) and 38 of 70
(54.3%), respectively, of the subtype A strains cluster
with AG-IBNG

Genetic dlstances have been calculated for the sub-
type A strains and the subclusters observed within sub-
type A and the other’ subtypes (B—H) in the various coun-

tries. Data are summarized in'Tabié 3. Genetic distances

observed for ‘the:: AG-IBNG 'cluster are significantly
lower -than' those calculated for /the -other- subtype A
strains: 4.3% in Senegal 8%, Cameroon, and 5%
in Gabon''versus :7. 5%; 83%, and"] 2%, respectively,

s

for the non—lBNG—hke subtype A strains. The average
,geneuc d1$tances wrthm ‘the ofhier” subtypes B to] H is

5.4% and are generally lower than for subtype A. This
was conﬁrmed m all three West Afncan countnes stud—

© ied.

Sequence Analysis_of Near-Full-Length Genomes of
. gag AG-IBNG-Like Viruses

To study whether gag subtype A viruses that cluster
with the AG-IBNG prototype strain virus have a similar
complex mosaic genome, the near-full-length genome

was sequenced for 3 subtype A viruses clustering with . -

this strain in gag: 2 from Senegal (98SE-MP1211 and
98SE-MP1213) and 1 from Cameroon (97CA-MP807).
We obtained 8851 bp for MP1211, 8858 bp for MP1213,
and 8800 bp for MP807. The sequences start between the
first and the tenth amino acid from the gag polyprotein,
LTR extremities were not sequenced. All other genes
were complete without premature stop codons and no
major deletion or insertion events were present in the
sequences of these strains.

To determine the phylogenetic relationships of the
newly characterized viruses, we constructed evolutionary
trees from the near-full-length genome. The phylogenetic
tree shows that these 3 new strains form a separate clus-

FIG.3. Bootscan plots of the three new HlV-1 near-full-length sequences and the HIV-1 ieng Prototype strain. The new sequences were

bootscanned against consensus sequences (calculated on the same sequences used in the phylogenetic tree of the near-full-length . *

- Sequences in Fig. 2) of the nonrecombinant subtypes A, B, C, D, F, G, H, and J (g, ¢, e, and g), and against the nonrecombinant subtypes
and the AG-IBNG prototype virus (b, d, , and h). The genome was scanned in segments from 500 bp with an overlap of 50 bp. The x-axis
lndlcates the nucieotide position along the alignment; gaps were removed from the ahgnment The y-axis shows bootstrap values (%).
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" ter with the AG-IBNG virus and with the previously
"described AG-IBNG-like viruses, DJ263 and DJ264
from DJ1bout1 supportedby hlgh bootstrap values (100%,
Fig. 2).

. To characterize more prec1se1y whether the 98SE-~
MP1211, 98SE-MP1213 and 97CA-MP807 viruses have
the same mosaic structure as the AG-IBNG prototype
virus, we performed pairwise sequence comparisons be-
tween the near-full-length genome sequence of these iso-
Jates and with those available from the database, using
the same alignment of-fucleotide sequences used for the
phylogenetic tree construction: Importantly, distance val-
ues were calculated only after removing all sites with a
gdp in any of the! Sequences ensurmg that all compari-
‘sons’ were: made: ‘aoross' the same sites. When the new
- sequences Wéfe- plotte' )'agamst‘references of -all' nonre-
combinantz'subt‘yp“es‘ obsérved - for all.'3 sequences
‘similar dxsproportlonate {dvels-of 'sequence “divergence

- with’ subtype: Atand iG along ‘their- genome, consistent .

- with the patte‘r‘n}'ol’)s’eﬁé' When''thes AG-IBNG prototype
.. virus IS plotted agamst the‘Same referencei strams (data
not shown) e e :

.To evaluate- systematmally the bootstrap values sup- -

- portmg 1ndependent monophyletlc* phylogeny in différ-
" ent parts of the genomej the alignment was bootscanned
in regard to the clustering of the putative AG-IBNG-like
viruses with a sliding window of 500 bp advancing with
50-bp increments. The same multiple genome alignment

generated for the phylogenetic analysis of the near-full- .

length genomes shown in Figure 2 was used to calculate
the consensus reference sequences (50% treshbold) for
the 8 groups of nonrecombinant subtypes corresponding
to subtypes A B, C,D,F, G, H, and J. The magnitudes
-of the bootstrap values supporting the clustering of our

strains with consensus sequences from members of each
subtype was performed. The results of the bootscan.

analysis are shown in Figure 3. The complexity of these
‘new strains is readily apparent with alternating segments
clustering with subtype A and G, similar to the complex-
ity observed for the. AG-IBNG prototype strain. When
the 98SE-MP1211, 98SE-MP1213, and 97CA-MP807
strains Were bootscanned against an alignment ‘that in-
cludes the AG-IBNG strain, bootscanning results of the
entire genomes revealed that they all were similar to the

AG-IBNG isolate. The' lowér bootstrap results found in
certain regions ‘of the genome result from the simulta-
neous presence in the analysis of nonrecombinant sub- |
type A sequences and the A sequences from the AG-
IBNG strain. .

Sequence Analysis of the 1;01 Region froml gag
Subtype A Viruses Including AG—IBNG—
lee Vlruses

The AG-IBNG HIV-1 Virusis mosaic in the pol 1e-
gion. We therefore sequenced the-pol region, covering

the protease and reverse transcriptase (RT) genes for 10.
subtype A.samples in ‘gag; -among them 6 that had

formed a separaté cluster;with. AG-IBNG.. Figure 4 .
shows the phylogenetic. tree ‘analysis-of the 11 samples
from the gag and pol. sequences.Of, 1he. 6 samples clus-; ;

tering with AG- IBNG in. gag,allformed a. well—separated S

cluster with this strain’ 'the- pol: reglon ‘For the other 4..-
subtype A.strains,: hxwas subtyPe A.in pol, 1. clustered
with AG-IBNG, and: 2 Werefsubtype Jin pol Dlversrcy
plottmg and .bootscanning?on.the: pol sequences of the

AG-IBNG;Iike,seque,ﬁéeé’i»'showed:;;hat all these%se—,. C

quences have-a-similar mosaic structure in pol as the
AG-IBNG prototype ‘strain. :In :Figure 4C," bootscan.
analysis in the pol gene is shown for one isolate from the
study (97CM-MP803), as well for the AG- IBNG strain”

. in the same region.

Esﬁloated Prevalenee of Recombinant HIV-1
Viruses and AG-IBNG-Like Viruses

Full-length genome analysis showed that the 3 HIV-1
viruses clustering in gag (p24) with the prototype AG-

"IBNG virus have a similar complex A/G mosaic genomic

structure. Additional sequence analysis of the pol region,
showed that 6 viruses clustering in gag and pol with
AG-IBNG had a similar A/G mosaic structure in this

gene. These data allow us to extrapolate that in West and

Central West Africa, most probably between 60% and
84% of the subtype A viruses are AG-IBNG-like vi-
ruses. Moreover, some of the subtype A gag sequences
involved in recombination (different env and gag sub-

~ types) cluster with AG-IBNG in the gag region. More

FIG. 4. Phylogenetlc tree based on 612 tnambiguously aligned nucleotides from (A) the p24 gag reglon and 1536 nucleotldes from (B)
the pol region (protease and reverse transcriptase [RT] genes) of 10 HIV-1 isolates and reference strains representing the different
genetic subtypes. The analysis was-performed as described in Materials and Methods using the same reference sequences as for the
trees in Figures 1 and 2. Bootstrap values <70% are not shown. (C) Bootscan plots of the one new HIV-1 pol sequence from an
AG-IBNG-like strain (97CM-MP810) and the AG-IBNG prototype strain. The sequences. were bootscanned against consensus se-
quences (calculated on the same sequences used in the phylogenetic tree of the sequences in Fig. 4A) of the nonrecombinant subyptes
A, C, and G. The genome was scanned in segments from 300 bp with an overlap of 20 bp. The x-axis indicates the nucleotide position -
along the alignment; gaps were removed from the ahgnment The y axis shows the bootstrap values (%)
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TABLE 4. Estimation of the numbers and percentages of
recombinant HIV-1 viruses circulating in West Africa

U Discordant .
gaglenv
R . subtype AG-IBNG Total
" Country ntested © n (%) 7 (%) ‘n (%)
Senegal 44 5(13.9%) 27 (61.4%) 33 (75.0%)
Cameroon 55 4(72%) . 24(43.6%) 28 (50.9%)
‘Gabon : 82 10 (12.1%) 38 (46.3%) 48 (58.3%)
- 19(10.5%) 89 (49.2%)

Total - Co181 119 (65.7%)

'_y.“

_. sgeciﬁcallyl, 3 of 9 subtype A strains in gag and inyolved

¢} in recombination between gag and exv cluster with AG-
]NBG dn the .gag region, 1 of 4 A/C, and the 2 A/F
viruses, Thls conﬁrms that the AG-IBNG viruses .circu- .

{,; 5 1ate and dre; 1mp11cated in a very large part of, global with AG—IBNG in gag are predominantly AG-IBNG—

‘hke ;-v1ruses Heliig study shows on a large number.. of~ '

¥

,recombmattpn eventsﬂ .
the‘ AG IBNG vxruses to.the numb

At withi 24, AG-TBNG), -and 54.7% in Gabon (10, dis-

v cordant Wlth 38 AG-IBNG).

DISCUSSION

*. Until recently, based on partial sequences of different
- genes or full-length genome sequencing, it was estimated
that up to 10% of the HIV-1 strains in the global pan-
demic are intersubtype recombinants (32-34). All these
recombinant viruses originated from geographic regions
where multiple subtypes cocirculated and most probably
result from coinfections with divergent viruses. Based on

the discordant subtype results between partial gag and

env sequences, 20 (9.1%) of the 219 strains in our study
were potential recombinant viruses, with percentages
ranging from 2.6% in Djibouti to 12.1% in Gabon. These
data correspond to the global estimations on recombinant
viruses that are circulating.

However, in some regions the number of recombmant
viruses that circulate may even be higher. In a previous
study on the genetic subtype distribution in Nigeria, we
documented 12 (32.4%) of 37 samples from that country

with discordant gag and env subtypes (35). These high

values were also reported in another study on Nigerian
samples (36).

In 1994, AG-IBNG, a new subtype A 1solate from
Ibadan, Nigeria, was reported on the basis of the gp120
sequence (23). Based on gag and env sequences, it was

eplgermc{ in, thls region and that they are also mvolved in -

ers of;.(

) able 4);, 75 O% in Senegal (6 d;scor—.z,:

'NG) 51 O% in Cameroon “ d1scor—4 "G-IBNG TU%:

later described as a distinct subcluster within A subtype
(24). With the recent availability of full-length subtype A

“and G sequences, it is clear that this strain is a complex

mosaic virus with alternating subtype A and subtype G
sequences (22). Geographic dispersion of the AG-IBNG
subtype was already suggested by the presence of this
isolate in Nigeria (in West Africa), and two viruses with
a-similar mosaic genome from Djibouti (DJ263 and
DI264) in East Africa (22). Additional full-length ge-
nome sequencing in our study from strains obtained in 2

_ other African countries (two from Senegal and two from
- Cameroon) confirm the geographic spread of this AG-
S IBNG-like. viruses. From our data and the previously

-+ described- data on the. Djibouti strains, we can extrapolate

-have been spreading for some time. The high prevalences
of these particular A/G recombinant in Senegal, Gabon,

Cameroon, and Nigeria are an additional factor in con- -

sidering these viruses as a separate and distinct group in
the global epidemic.

Virtually any isolate, including recombmant viruses,

may compete more efficiently in a given country than the
original genotype if it acquired some selective advan-
tage. However, it remains striking to see how efficiently
recombinant viruses have spread among different popu-
lation groups in different geographic regions (suggesting
that they could have a better viral fit than the parental
nonrecombinant strains). In Thailand, where subtypes E
(an A/E recombinant) and B were iuitially introduced,
subtype E became predominant (13,37). In China, sub-
type B and C viruses have been introduced, and a re-
combinant B/C virus is spreading now through various
parts of the country. Several reports documented the in-
troduction of subtypes A and B among intravenous drug
users in Kalingrad, Russia, and a recombinant A/B virus
is rapidly spreading there (39,40). In West Africa, sub-
type A is predominant with prevalences ranging from
70% to >85% of the strains circulating (15) and, as
shown in this study, AG-IBNG viruses comprise most
envelope subtype A viruses in different countries.
Recombinant viruses are already contributing substan-
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N w1th a relatwe hlgh probability that the viruses clustering, .
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.based on eny sequences (35) Genetic distances observed -
. 4-among ‘the different AG-IBNG viruses indicate that they
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tially to the global pandemic, and the likelihood of gen-
erating recombinant viruses will only continue to in-
crease as the different HIV-1 subtypes spread to all con-
tinents (25,41,42). In-a previous study, we documented
that even the complex AG-IBNG-like viruses are impli-
cated in an intergroup (M/O) recombination event (21)
and several viruses with discordant gag and env subtypes
had gag sequences that clustered with the AG-IBNG
virus. It becomes more and more evident that the genetic
subtype dlstnbuuon isa dynarmc and unpredlctable pro-
cess.

Addition of the AG- IBNG—hke viruses to the number
of viruses for which discordant gag and env subtypes

. were observed made the overall minimal percentages of

. recombinant viruses in West and Central West . Africa
high at 51%:to" 75%: 'Moreover the ‘predominance may
even be h1gher in that v{e had consrdered only recombi-

een (g )
genome We! should aly mdrcate ‘thie drfference between -
recent recombmantsv'and older recombmants Such as: the -

. Further. stud1es\are requu'ed‘ to find out which factors
(epiderniologic, demographrc blologrc) are’ respons1ble

for the predormnance Sf AG-TBNG' yiriises i 'this part of

Africa. Our finding that A '-IBNG—hke viruses predomi-
nate in this part of ‘the world can have implications for
future vaccines,:as well as diagrostic, and treatment
strategies. Especially with the recent introduction of an-
tiretroviral treatment in Africa, one must be aware that
all the AG-IBNG-like viruses are subtype G in the pro-
tease gene, and recently a naturally occurring lower sus-

ceptibility for HIV-1 subtype to protease inhibitors has -

been shown (43). The current and future role of these
viruses in the global pandemic must be monitored in all
new molecular epidemiologic studies and discrimination
between subtype A and AG-IBNG-1ike Vlruses is nec-
essary.
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