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ABSTRACT 

We recently reported a high divergence among African subtype F strains. Three well-separated groups (Fl, 
F2, and F3) have been shown based on the phylogenetic analysis of the p24 gag and envelope sequences with 
genetic distances similar to those observed for known subtypes. In this study, we characterized the near-full- 
length genomes of two strains from epidemiological unlinked individual belonging to each of the subgroups: 
F1(96FR-MP411), F2 (95CM-MP255 and 95CM-MP257), and F3 (96CM-MP535 and 97ZR-EQTB11). Phy- 
logenetic analysis of the near-full-length sequences and for each of the genes separately showed the same three 
groups, supported by high bootstrap values. Diversity plotting, BLAST subtyping, and bootstrap plotting con- 
firmed that the divergent F strains correspond to nonrecombinant viruses. The divergence between F1 and 
F2 is consistently lower than that seen in any other intersubtype comparison, with the exception of subtypes 
B and D. Based on all the different analyses, we propose to divide subtype F into twÒ subclades, with F1 gath- 
ering the known subtype F strains from Brazil and Finland, and our African strain (96FR-MP411), and F2 
containing the 95CM-MP255 and 95CM-MP257 strains from Cameroon. The F3 strains, 97ZR-EQTB11 from 
the Democratic Republic of Congo and 96CM-MF535 from Cameroon, meet the criteria of a new subtype 
designated as K. The equidistance of subtype K to the other subtypes of HIV-1 suggests that this subtype ex- 
isted as long as the others, the lower distance between B and D, and between F1 and F2 suggest a more re- 
cent subdivision for these latter strains. 

INTRODUCTION 

NE OF THE MAJOR CHARACTERISTICS of human immunode- O ficiency viruses type 1 @IV-1) is their remarkable genetic 
variation. Phylogenetic analysis of many isolates from differ- 
ent geographic regions allowed HIV-1 to be subdivided into 
three groups, M, N, and O. The group O viruses represent a mi- 
nority of the HIV-l strains and seem to be endemic in West 
Central Africa1+ and group N has been recently identified in 
two Cameroonian patients? In contrast, group M comprises the 
majority of the HIV-1 strains responsible for the AlDS epi- 

demic worldwide. The group M viruses can be subdivided into 
at least 10 envelope subtypes A to J approximately equidistantly 
related.6s7 The geographic distribution of the different subtypes 
is very heterogeneous and in Africa all the subtypes have been 
documented. However, as the HIV/AJDS pandemic grows, vi- 
ral strains are becoming more geographically dispersed and the 
simultaneous presence of multiple subtypes in many other re- 
gions of the world is now common. Therefore, subtype desig- 
nations have been powerful molecular epidemiological mark- 
ers to follow the course of the HIV global pandemic. 

The genetic diversity mainly results from the error-prone na- 

'Laboratoire Rétrovirus, Institut de Recherche pour le Développement o), 34032 Montpellier, France. 
2Projet PRESICA, Military Hospital, Yaounde, Cameroon, BP 906. 
3Projet SIDA, Kinshasa, Democratic Republic of Congo, BP 8502. 
41nnogenetics NV, 9052 Gent, Belgium. 
'Service des Maladies Infectieuses et Tropicales, CHU Gui de Chauliac, 34000 Montpellier, France. 

- ._ 

139 



\ 

. .. . .  
, . ...... ;. ;:&4 

140 TRIQUES ET AL. 

ture of the viral reverse transcriptase and from the in vivo se- 
lection of  variant^.^,^ In addition, recombination events among 
sequences of different genetic subtypes of KIV-1 group M have 

MATERIALS AND METHODS 

Virus isolates 
been frequently identified. Since the f i s t  report on recombinant 
HIV-1 viruses, increasing numbers of recombinant HIV-1 
genomes have been recognized and recombinant forms of epi- 
demiologic importance have been identified. AU representatives 
of subtypes E and G, sequenced to date, represent mosaic 
genomes, with parts of the genome clustering with subtype A 
viruses and other parts forming clearly distinguishable clades 
designated as E and G.l0-l2 In certain populations and regions, 
where multiple HIV-1 subtypes cocirculate, many combinations 
of intersubtype recombinant viruses have been documented 
(A/C, A/D, B/F, A/G/H, AIGII, A/G/J).11,13-15 At the present 
time, subtypes A, B, C, D, F, H, and J are well defined for 
each of them at least one full-length nonrecombinant isolate has 
been ~equenced.'~.'~ 

Recombination can be missed if large portions or different 
regions of the viral genome are not examined. Therefore, full- 
genome sequencing-is necessary to determine if new HIV-1 
variants correspond to new subtypes or to new circulating re- 
combinant forms. 

We recently reported a high variability among African sub- 
type F strains, and characterized three phylogenetic sub- 
groups preliminarily called F1, F2, and F3.17 These three sub- 
groups were identified in the p24 region of the gag gene, and 
in the complete envelope gene they were supported by high 
bootstrap values. In addition, the intragroup and intergroup 

Five HIV-1 viruses, from African origin and collected be- 
tween 1995 and 1997 from epidemiologically unlinked indi- 
viduals, were studied. Table 1 summarizes the geographic ori- 
gin of the samples, the year of sample collection, and whether 
sequences were done on primary peripheral,mononuclear cells 
(PBMCs) or on short-term cultured PBMCs. Based on previ- 
ously described p24 gag and gp160 sequences, four of them 
were reported as being divergent subtype F viruses clustering 
into one of the two well-defined F subgroups called F2 and 
F3.I7 Strain 96FR-MP411 was isolated from a French patient 
infected with HN-1 in Chad or Yugoslavia after overseas de- 
ployment and clustered into subgroup F1 with previously 
known Brazilian and Romanian F strains. The 95CM-MP255, 
95CM-MP257, and 96CM-MP535 strains were isolated be- 
tween 1995 and 1996 from Cameroonian patients attending the 
military hospital in Yaounde. For the 97ZR-EQTB 11 virus, only 
primary PBMCs were available and the sample was collected 
in 1997 from a tuberculosis patient in the Equateur province 
from the Democratic Republic of Congo (DRC, former Zaire) 
during an HIV seroprevalence survey.20 The 95CM-ME55 and 
95CM-Mp257 viruses were preliminarily classified in subgroup 
F2 and 96CM-MP535 and 97ZR-EQTBl1 in subgroup F3. 

Polymerase chain reaction conditions and sequencing 

distances were comparable to those obtained for the other DNA was extracted from short-term cultured (96FR-MP411, 
known subtypes in the corresponding regions, although F2 95CM-MP255,95CM-MP257, and 96CM-MP535) or primary 
was more closely related to Fl ,  analogous to B and D. All PBMCs (97ZR-EQTB11) with the Qiagen DNA extraction kit. 
these data suggested the possibility that subgroups F2 and F3 Overlapping polymerase chain reactions (PCRs) were done to 
might be new subtypes. Whereas the subgroup F1 gathered obtain the near-full-length genome sequence of each strain. 
together all the known subtype F. viruses from Brazil, Ro- A long gag-pol PCR was performed using the XL PCR kit 
mania, and also some African strains, subgroup F2 contained with GOO (S'GACTAGCGGAGGCTAGAG3') and Vpul 
exclusively Cameroonian strains from our study and previ- (~'GGTTGGGGTCTGTGGGTACACAGCT~') as outer 
ous s t u d i e ~ , ~ ~ . ~ ~  and in subgroup F3, strains from several Cen- primers. A seminested PCR with GOO and G25 (S'TCAAG- 
tra1 African countries clustered together with a previously de- GCAAGCTITATTGAGGCTTAAGCAG3') as inner primers 
scribed divergent F strain, VI354, from gab or^.'^^^^ In this allowed the gag gene to be amplified. The PCR conditions were 
study we describe the first full-length genome sequences from as follows: a fiist denaturation step for 5 min at 94°C followed 
representatives of the divergent Cameroonian F2 and Central by 38 cycles for 20 sec at 94"C, 30 sec at 55"C, and 2 min at 
African F3 viruses, and we demonstrate that the F3 viruses 72°C with a final extension for 7 min at 72°C; 10 pmoyliter of 
correspond to a new HIV-1 subtype, designated as sub- each primer, 2.5 U of Taq polymerase (Promega Corporation, 
type K. Madison, WI), and 0.2 mmoyliter of dNTPs were used. An- 

- 

TABLE 1. ORIGIN OF THE STUDIED VIRUSES 

Genetic subgroupb 
Year of DNA 

source gag" gP160 Samples Origin collection 

96FR-h!l€'411 , Yugoslavia or Chad 1996 
95CM-MP255 Cameroon 1995 
95CM-MP257 Cameroon 1995 
96CM-Mp535 Cameroon 1996 
97ZR-EQTB 1 1 DRCC 1997 

aDNA source: U, uncultured PBMCs; C, short-tem cultured PBMCs. 
9riques et 
CDRC, Democratic Republic of Congo (former Zaire). 

C F1 F1 
C F2 F2 
C F2 F2 
C F3 F3 
U F3 F3 
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other second round using G60 and Vpu2 (S'GCWTCTM'C- 
CACACAGGTACCC3 ') as inner primers allowed the complete 
pol gene to be amplified using the XL PCR kit. 

The izefgene (600 bp) was amplified by a nested PCR with 
5.le (S'GTGCCTCTTCAGCTACCACCG3') and 3.3e (5' 
AGCATCTGAGGGTTAGCCACT3 ') as outer primers and 
5.le (S'CTGCAGGACAGATAGGGTTATAGAA3') and 3.7e 
(5 'CATGGATCCACCTCCCCTGGAP;\GTCCCC3') as inner 
primers. The first round PCR conditions were as follows: a first 
denaturation step for 5 min at 94°C followed by 27 cycles for 
45 sec at 94T,  30 sec at 55"C, and 2 min at 72"C, with a fi- 
nal extension for 5 min at 72"C, in a final volume of 50 p.1; 20 
pmol/liter of each primer, 20 mmol/liter of dNTPs, and 2.5 U 
of Taq polymerase were used. Of this round 5 pl was used for 
the second round, which used 32 cycles with 50°C as the an- 
nealing temperature. This protocol was used for all the viruses 
except for the 97ZR-EQTB 11 strain, for which the XL PCR kit 
(Perkin Elmer, Branchburg, NJ) with 41.1 (S'GGGTTCT- 
TGGGAGCAGCAGGAAGCACTATGGGCQ') and LsiGi 
(5 'TCAAGGCAAGCTTTATTGAGGCTTAAGCAG3 ') as in- 
ner primers was used. 

The accessory genes ( V s  Vpu, Tut, Rev, and Vpr) (1300 pb) 
were amplified using Vif1 (5'GGGmATTACAGGGA- 
CAGCAGAG3') and Vpul as inner primers and Vif2 
(5'GCAAAACTACTCTGGAAAGGTG3 ') and Vpu2 as outer 
primers previously described*l as follows: a first denaturation 
step for 3 min at 94°C followed by 35 cycles for the two rounds 
for 20 sec at 94T,  30 sec at 54"C, and 2 min at 94"C, with a 
final extension for 10 min at 72°C; 10 pmol/liter of primers, 20 
"ouliter of dJTITs, and 2.5 U of Taq polymerase were used: 

The amplification of the envelope gene has been previously 
described17; briefly a nested PCR was performed with the outer 
primers A and N and the inner primers B and M and others en- 
compassing the envelope gene, using the Expandm High Fi- 
delity PCR System (Boehringer Mannheim, Indianapolis, IN). 

All the PCR fragments were detected by electrophoresis on 
a 1% agarose gel and visualized by ethidium bromide staining. 
The amplified products were purified using a QiaQuik gel ex- 
traction (Qiagen, Qiagen SA, France). 

Nucleotide sequences were obtained by direct sequencing of 
the amplified DNA, using the inner primers of the ìzef gene, the 
inner primers of the accessory genes, and several primers en- 
compassing the gag and the pol genes. Cycle sequencing was 
performed using fluorescent dye terminator technology (dye ter- 
minator cycle sequencing with AmpliTaq DNA polymerase FS, 
Perkin Elmer, Roissy, France) according to the instructions of 
the manufacturer. Electrophoresis and data collection were done 
on an Applied Biosystems 373A (Stretch model) automatic 
DNA sequencer. 

The sequenced fragments were assembled into contiguous se- 
quences and a consensus of the two strands was formed by us- 
ing the Seqed prograin (Applied Biosystems, Branchburg, NJ). 

Phylogenetic tree analysis 

Phylogenetic relationships of the newly derived viruses were 
estimated from sequence comparisons with previously reported 
representatives of group M. Nucleotide amino acid sequences 
of the near-full-length genome and for each of the genes were 
aligned using CLUSTAL WZ2 with minor manual adjustments, 
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bearing in mind the protein sequences. Sites where there was a 
gap in any of the sequences, as well as areas of uncertain align- 
ment, were excluded from all sequence comparisons. Phyloge- 
netic trees of the entire genome and the different genes were 
constructed with the neighbor joining method and reliability of 
the branching orders using the bootstrap approach was imple- 
mented by CLUSTAL W. TreeView was used to draw trees for 
illustrations. Genetic distances were calculated with Kimura's 
two parameter meth0d.2~ The viral polyprotein sequences were 
joined end to end omitting the 5' end of the overlapping genes, 
and were aligned using CLUSTAL W and phylogenetic analy- 
sis and genetic distances on the amino acid sequences were per- 
formed as described above. 

Analysis for intersublype inosaicisin 

Diversity plots. To determine whether the viruses were re- 
combinant or not, several additional analysis were done. Di- 
versity plots, using the DIVERT program available online (the 
ANRS website, http:/l193.50.234.246l-beaudoislDiver- 
sity.html), determined the percentage diversity between se- 
lected pairs of sequences by moving a window of 400 bp along 
the genome alignment in 10-bp increments. The divergence val- 
ues for each pairwise comparison were plotted at the midpoint 
of the 400-bp segment. 

Blust subtypiìzg. A web-based HN-1 subtyping system that 
uses the BLAST algorithm was done on our sequences to 
identify their subtype (http://www.ncbi.nlm.nih.govlretrovÙnses/ 
HIV-U). The subtyping method employs a BLAST comparison 
between the HN-1 sequence to be subtyped, input sequences, 
and a panel of complete genome references for the subtypes A, 
B, C, D, E, F, G, and H of group M, as well as for group O 
and N available in the GenBank. This program detects the best 
local similarities between a query sequence and a set of HIV- 
1 subtype reference sequences without performing a global 
alignment. A sliding window along the query sequence allows 
the detection of possible intersubtype recombinants with inter- 
spersed regions from two or more subtypes. 

The sirizplot 2.5 soft..zre. The simplot 2.5 software, kindly 
provided by Stuart Ray?4 was used to calculate similarity/di- 
versity plots and bootstrap plots and to analyze informative 
sites. For similarityldiversity plots, Simplot calculates and plots 
the percentage identityldiversity of the query sequence to a 
panel of reference sequences, or to a consensus sequence from 
representatives of the different subtypes (with a threshold of 
50%), in a sliding window, which is moved across the align- 
ment in steps. The window and the size are adjustable. For the 
bootstrap plots we performed bootscanning on neighbor join- 
ing trees by using SEQBOOT, DNADIST (with Kimura's two 
parameter method and a transitiodtransversion ratio of 2.0), 
NEIGBOR, 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 of 
Salminen et al?5 We evaluated 100 replicates for each phy- 
logeny. The bootstrap values for the studied sequences were 
plotted at the midpoint of each window. The Simplot program 
was used to identify informative sites as described by Robert- 
son et al.26 To estimate the location and the significance of 
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crossovers, each putative hybrid sequence was compared with 
a representative of each of the two subtypes inferred to have 
been involved in the recombination event and an appropriate 
Outgroup. Phylogenetically informative sites in this context are 
those at which four taxa are divided equally into two groups, 
each of which has identity at that site. Each informative site 
supports one of the three possible phylogenetic relationships 
among the four taxa, and a cluster analysis maximizing the 
value of Chi square is then used to select breakpoints among 
the clusters. These breakpoints were used to divide the align- 
ment into segments for phylogenetic tree construction as de- 
scribed above. 

RESULTS 

Sequence analysis of near-full-length HN-1 genome 

All the five HIV-1 genomes were sequenced in their entirety, 
with the exception of the LTR extremities. The genome struc- 
ture was similar to all other HIV-1 subtypes, with the gag, pol, 
and env structural genes and vif, vpr, vpu, and nef single exon 
regulatory/accessory genes. The tat and rev exons 1 and 2 were 
also discemible at their usual positions. All reading frames were 
open and of complete length. None of the genomes had major 
deletions or rearrangements. 

. ,.. 
. .  
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Phylogenetic analysis of the near-$411-length genome 

To determine the phylogenetic relationships of the newly 
characterized viruses, we constructed evolutionary trees from 
the near-full-length genome. The results confinned the initial 
diversity observed among subtype F, and the three subgroups, 
F1 to F3, previously described in gag and envelope genes, were 
also observed by phylogenetic tree analysis of the entire genome 
(Fig. 1). They were supported by high bootstrap values (100%). 
The 96FR-MP411 strain clustered with the previously described 
subtype F sequences from Brazil (93BR020), Finland 
(FI.FIN9363), and Belgium (wife infected in the Demoyratic 
Republic of Congo) (VI8.50). The 95CM-MP255 and 95CM- 
Mp257 strains of the previously identified F2 subgroup clus- 
tered together separately and have a branching pattern with the 
FI subgroup similar to that observed between subtypes B and 
D. The 96CM-MP535 and 97a-EQTB11 strains, previously 
identified as F3, clustered together separately and equidistantly 
from other subtypes. The same results were obtained when phy- 
logenetic analysis was done on amino acid sequences (2741 
amino acids) (data not shown). 

Phylogenetic analyses on gag, pol, neJ and accessory genes 
sequences are consistent in all these different genomic regions 
(Fig. 2). In the gag, pol, and accessory genes regions, tlie three 
F subgroups were supported by high bootstrap values, 100% 
for each subgroup. Only in the nef gene were bootstrap values 
lower, 85% for F1,65% only for F2, and 100% for F3. An im- 
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FIG. 1. Unrooted phylogenetic tree of the near-full-length nucleotide sequences constructed using the neighbor joining method 
(A) with the newly characterized F1 (F), F2 (F), and F3 (K) sequences, and reference strains representing the different genetic 
subtypes. 
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FIG. 2. Phylogenetic trees based on aligned nucleotides from the gag (1437 bp), pol (2979 bp), nef (579 bp), and accessory 
genes (1200 bp) íkom F1 m, F2 o, and F3 (K) sequences and sequences of reference strains representing the different genetic 
subtypes. The trees were rooted with the corresponding region of the S I V C ~ Z - ~ ~ ~  isolate, which was used as an Outgroup. The 
analysis was performed as described in Materials and Methods. 
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portant feature of the F1 and F2 viruses is that they form two 
separated well-defined clusters but always starting from a com- 
mon node, as is observed for subtype B and D in the different 
genomic regions. On the other hand, the F3 viruses cluster in- 
dependently from the F1 and F2 subgroups in the pol and ïzef 
genes.  his was also previously seed in the envelope gene. 

The genetic distances were calculated on gag, pol, neJ and 
accessory genes with Kimura’s two parameter method, and with 
the same strains as those used for the phylogenetic tree analy- 
sis in Fig. 2. The results are presented in Table 2. The mean 
intersubtype distance based on nucleotide sequences from the 
near-full-length genomes (A, B, C, D, G, H, and J) was 15.1% 
and ranged from 10.2% for B versus D to 16.4% for G versus 
C (Table 2). The distances observed between subgroups F1 and 
F3 and between subgroups F2 and F3 were 12.9%, whereas the 
distance observed between F1 and F2 was lower (11%) and 
closer to the intersubtype distance seen between subtypes B and 
D (10.2%). 

For all the studied genes, the distances within each F subgroup 
were comparable to intrasubtype distances observed for the 
known subtypes A, B, C, D, G, H, and J. Also distances between 
the difierent F subgroups were comparable to distances observed 
between the subtypes in the different genes. However, it is note- 
worthy that the intersubtype genetic distances observed between 
subgroups F1 and F2 are overall lower and more closely related 
to thoseseen between subtypes B and D, especially in gag, pol, 
and the accessory genes (9.4 and 8.4%, 7.8 and 6.7%, and 11.6 
and 10.3% for F1 versus F2 and B versus D in gag, pol, and ac- 
cessory genes, respectively). The exception is the nefgene, where 
the distance between F1 and F2 is lower than the intersubtype 
distance and corresponds to intrasubtype distances observed in 
this gene, confirming the phylogenetic position of these two sub- 
types in the nef gene. Moreover, the genetic distances in all the 
studied genes between F3 and F1 and F3 and F2 were close to 
the mean intersubtype distances obtained for the reference sub- 
types, subtypes B and D excluded. 

Diversity plots 

To determine more precisely whether the FI, F2, and F3 
viruses correspond to different nonrecombinant subtypes, we 
performed pairwise sequence comparisons between the near- 
full-length genome sequence of the five new isolates and those, 
available from the database, using the same alignment of nu- 
cleotide sequences used for the phylogenetic tree construction 
of the near-full-length sequences. Importantly, distance values 
were calculated only after removing all sites with a gap in any 
of the sequences, ensuring, that all comparisons were made 
across the same sites. 

The F2-95CM-MP255, F2-95CM-MP257, F3-96CM- 
MP535, and F3-97ZR-EQTB 11 viruses were roughly equidis- 
tantly related to the reference strains for subtype A to J, in- 
cluding the F-93BR020, F-FI.FIN9363, and F-VI850 strains, 
over the entire length of their genome. These data suggest that 
they could represent members of new nonrecombinant subtypes 
(data not shown). When the F2-95CM-MP255 virus was plot- 
ted against the A-U455, F-93BR020, F3-96CM,MP535, and 
F2-95CM-MP257 virus, a lower level of sequence divergence 
was seen with the F2-95CM-MP257 virus (ranging from 1.3% 
in pol to 12% in env). The divergence between F2-95CM- 
MP255 and F2-95CM-MP257 was slightly higher at the 5’ end 
of the envelope, whereas in the ïzef gene a similar degree of low 
divergence was seen between each of the F2 viruses (95CM- 
MP255 and 95CM-MP257) and the F-93BR020 strain. A sim- 
ilar diversity profile was seen when F2-95CM-MP257 was plot- 
ted against the A-U455, F-93BR020, F3-96CM-MP535, and the 
F2-95CM-P255 virus (Fig. 3A). 

When the F3 viruses, 96CM-MP535 and 97ZR-EQTB11, 
were plotted against each other together with the A-U455, F- 
93BR020, and F2-95CM-Mp255 virus, a low level of sequence 
divergence comparable to viruses from the same subtype was 
seen, and this time there were no ambiguities in certain parts 
of the genome, divergence ranged from 3% in poZ to 18% in 

TBLE 2. AVERAGE OF INTRACLUSTER AND INTERCLUSTER GENETIC DIS TAN CES^ 

Genetic distances (%) 

Full-length genome gag . pol Accessory genes envb nef 

Intracluster 
F1 7.3 5.8 6.9 9.6 7.0 7.4 
F2 5.9 4.4 6.5 12.9 8.3 7.7 
F3 8.2 5.3 9.1 13.4 5.6 7.7 
Intrasubtypes 6.1 4.9 7.5 10.9 8.9 7.1 

(2.4-7.6) (2.5-6.4) (3.1-10.3) (5.4-15.5) (3.2-12.3) (2.9-8.8) 

Intercluster 
F1 vs F2 9.4 7.8 11.6 15.8 9.5 11.0 
F1 vs F3 12.6 9.8 14.8 16.3 15.0 12.9 
F2 vs F3 10.9 9.0 15.3 17.2 15.4 12.9 

B vs D 8.4 6.7 10.3 13.7 14.4 10.2 
Intersubtypes 13.7 11.3 16.9 18.0 20.1 15.1 

(excluding B VS D) (12.7-15.2) (10.7-12.5) (13.6-19.7) (16.2-19.01 (17.6-22-7) (13.2-16.4) 

aAverage of intracluster and intercluster genetic distances (%) in gag, pol, eïzv, nej and accessory genes. Distances were 
calculated according to Kimura’s two parmeter method as described in Materials and Methods based on nucleotide sequence 
alignment used to ConstTUct the phylogenetic trees of Figs. 1 and 2. 

bTriques et d.17 
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FIG. 3. Diversity plots comparing the sequence relationships of the newly characterized (A) F3 (K), (B) F2 (F), and (C) F1 
(F) strains to each other and to reference sequences from the database. The sequences named above the plots are compared to 
the sequences listed on the right (sequences are colored code). U455 and 93BR020 are published sequences for subtypes A and 
F. Distance values were calculated for a window of 400 bp moving in increments of 10 nucleotides. The x axis indicates the nu- 
cleotide position along the alignment (gaps were removed from the alignment). The y axis shows the distance between the viruses 
compared (0.05 = 5% divergence). 
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the envelope gene (Fig. 3B). Based on the diversity plots, there intersubtype comparisons. However, in the nef gene the F2 
was no evidence for mosaicism in the genome of these four viruses were very close to the F1 viruses. 
viruses (F2-95CM-MP255, F2-95CM-MP257, F3-96CM- When the F-96FR-MP411 virus was plotted against the A- 
MP535, and F3-97ZR-EQTl311) at the level of both intra- and U455, F-93BR020, F2-95CM-MP255, and F3-96CM-MP535 
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viruses, the lowest divergence was seen with the F-93BR020 
strain, except in a small region of the pol gene where the low- 
est divergence was seen with the F2-95CM-MP255 sequence 
(Fig. 3C). The same was observed when F2-95CM-MP255 was 
replaced by F2-95CM-MP257. These data suggest that the F- 
96FR-MP411 genome could represent a mosaic of F1 and EQ 
sequences. Diversity plots of five new near-full-length genome 
sequences, using consensus sequences from the different known 
subtypes and the two new ,subtypes instead of one particular ’ 
strain, lead to the same conclusions as the diversity plot results 
with individual strains (data not shown). 

Blast-subtyping 

bootstrap values supporting the clustering of our strains with 
consensus sequences from members of each subtype, and one 
strain from each of the F2 and F3 subgroups, were determined 
along the genome. The results of the bootstrap analysis are 
shown in Fig. 4. 

Bootstrap plots of the F2-95CM-Mp255 and F2-95CM- 
MP257 strains showed that almost over the’entire genome, these 
strains form a monophyletic group, supported with more than 
70% of the bootstrap values, except for about 400 bp in the gag 
gene and a 600-bp fragment in the 5’ end of the envelope. In 
the gag gene, the diversity plots revealed no ambiguities in this 
region. This fragment was extracted from the alignment and 
phylogenetic tree analysis on it showed clearly that both F2- 

The Blast-subtyping method employs a BLAST comparison 
between the HLV-1 sequence to be subtyped and a panel of com- 
plete genomic references for the subtypes A, B, C, D, E, F, G, 
H, and J of group M, as well as for groups O and N. This pro- 
gram detects the best local similarities between a query se- 
quence and a set of HW-l subtype reference sequences from 
the GenBank and our new input sequences without performing 
a global alignment. A sliding window of 300 bp with an in- 
crement of 100 bp along the query sequences (F2-95CM- 

EQTB 11, and F-96FR-MP411) was done to identify the subtype 
or- to detect possible recombinants with interspersed regions 
from two or more known subtypes. If there are identical scores 
in a specific window with more than one subtype, the window 
bars are divided diagonally and the different subtypes are repi 
resented. The comparison between F2-95CM-MP255 as the 
query sequence and F2-95CM-MP257 included with the refer- 
ence sequences revealed a higher similarity with F2-95CM- 
MP257. when F2-95CI~I-MP255.was replaced by F2-95CM- 
MP257 as query sequence, the same profile was obtained, with 
nevertheless slight ambiguities in the 5’ envelope gene, the 
same region observed with divert plots (data not shown). The 
comparison between F3-96CM-MP535 as query sequence and 
F3-97ZR-EQTB 11 and reference sequences showed identical 
scores with F3-97ZR-EQTB 11 along all the genome. When F3- 

MP255, F2-95CM-MP257, F3-96CM-MP535, F3-97ZR- 

95CM-MP255 and F2-95CM-MP257 formed a separate cluster 
supported with 86% as bootstrap values. In the 5‘ end of the 
envelope, the problem was more complex. Phylogenetic tree 
analysis from this same region revealed, however, the presence 
of the three subgroups, F1, F2, and F3; however, the two F2 
strains clustered together only with very low bootstrap values 
(27%). Also on the diversity PIO$ a higher diversity was seen 
between the F2-95CM-MP255 and F2-95CM-MP257 strains 
than in the other parts of the-genome. Additional exploratory 
tree analysis and phylogenetically informative sites in this re- 
gion of the envelope did not give more exact information on an 
eventual recombination event with another subtype (data not 
shown). 

The bootscan analysis of the F3-96CM-MP535 and F3- 
97ZR-EQTB11 viruses showed without ambiguities that the 
two strains formed a monophyletic cluster with a high bootstrap 
value, more than 80% over almost the entire genome. Never- 
theless, in small regions the bootstrap values dropped to 70%. 

Bootscan analysis of the F-96FR-MP411 strain showed that 
this virus formed a monophyletic group with the previously 
described subtype F viruses F-93BR020, F-FI.FIN9363, and 
F-VI850 (data not shown) and more particularly with the F1 
strains. Similarly, as observed on the diversity plots, a small re- 
gion of approximately 500 bp at the 3’ end of thePo2 gene was 
associated with F2 in the bootscan. 

97ZR-EQTB11 was compared to F3-96CM-MP535 and to other 
known sequences, a similar profile was observed. The F-96FR- 
MP411 was compared with F2 and F3 strains and with the 

Reevaluation of the phylogenetic position of the F2 
aizd F3 sb-áins’ 

known subtypes A, B, C, D, E, F, G, H, and J of group M, as 
well as for groups O and N. As expected, the Blast graph 
showed a higher similarity with the F1 strains along the genome, 
except at the 3’ end of the pol gene, where there are identic9 
scores with the F2 strains. 

Bootstrap plots 

To evaluate systematically the bootstrap values supporting 
independent monophyletic phylogeny in different parts of the 
genome, the alignment was bootscanned in regard to the clus- 
tering of the F2 and F3 sequences, 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 Fig. 1 was used to cal- 
culate the consensus reference sequences (50% threshold) for 
the eight groups of nonrecombinant subtypes corresponding to 
subtypes A, B, C, D, F, G, H, and J. The magnitudes of the 

Diversity plotting, Blast subtyping, ind bootstrap plotting con- 
firmed that the divergent F strains, preliminarily called F2 and 
F3, correspond to nonrecombinant viruses. Phylogenetic tree 
analysis and distances calculated in the different genomic regions 
showed that the divergence between F1 and F2 is consistently 
lower than that seen in any other intersubtype comparison, with 
the exception of subtypes B and D. Based on all the different 
analyses, we propose to divide subtype F into two subclades, with 
F1 gathering the known subtype F strains from Brazil and Fin- 
land, and our African strain (96FR-MP411), and F2 containing 
the 95CM-Mp255 and 95CM-MP257 strains from Cameroon. 
The phylogenetic relationship and genetic distances observed be- 
tween the F3 strains, 97ZR-EQTB11 from the Democratic Re- 
public of Congo and 96CM-MP535 f” Cameroon, show that 
these strains are equidistantly related to the other known sub- 
types. The F3 viruses should be elevated with the status of a new 
nonrecombinant subtype, designated K. 
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FIG. 4. Bootscan plots of strains from subclades F2 (F) and F3 (K). The new sequences were bootscanned against the con-' 
sensus sequences and a representative from both subclades F2 and F3, and the genome was scanned in segments of 500 nt mov- 
ing in increments of 50 bp along the alignment. The x axis indicates the nucleotide position along the alignment (gaps were re- 
moved from the alignment). The y axis shows the bootstrap values (%). 

Recombination analysis in 96FR-MP411 

Diversity plots, Blast subtyping, and bootstrap plots all in- 
dicate that in a small region of the pol gene the 96FR-J@411 
strain is closer to F2 than to F1. However, more detailed analy- 
sis provided no real significant results to conclude a recombi- 
nation event between F1 and F2. The p values, obtained by 
maximizing the chi square values in the permutation tests on 
the informative sites, are between 0.032 and 0.046. A 546-bp 
fragment covering this region was extracted and compared to 
all  subtypes by neighbor-joining phylogenetic tree analysis, and 
the F-96FR-MP411 strain was shown to form a cluster with the 
F2 sequences in this region, but supported only by 52% of the 
bootstrap values. ' 

Relationship to previously reported divergent subtype 
F strains from Africa 

The degree to which these sequences represent variants cir- 
culating in Africa or other parts of the world was studied by a 
series of phylogenetic trees that included subtype F sequences 
previously obtained by other groups. These strains were re- 

ported from Brazil, Romania, Cameroon, Democratic Republic 
of Congo, Central African Republic, and Gabon.15*17-19*27-31 
The phylogenetic analysis was performed as described above 
on a 272-bp fragment encompassing the V3 region of the gp120 
envelope gene. The results showed clearly the three well-sep- 
arated subgroups within subtype F, F1 to F3 (data not shown). 
As expected, the Brazilian sequences all clustered in the F1 sub- 
group with the 93BR020, FI.FIN9363, and VI850 viruses to- 
gether with some strains from Romania and with our previously 
described strain from Central African Republic (MP84) and 
96FR-MP411 from Chad or Yugoslavia. The majority of 
Cameroonian strains clustered separately with the F2-95CM- 
MP255 and F2-95CM-MP257 sequences. The VI354 strain 
from Gabon clustered with the K(F3)-96CM-MP535 virus from 
Cameroon and the K(F3)-97ZR-EQTB11 virus from the De- 
mocratic Republic of Congo, together with strains previously 
described from the Democratic Republic of Congo (ZR36). The 
divergent VI325 subtype F was reported to cluster in the F3 
subtype in the p24 region of the gag gene with K-96CM-MP535 
and K-97ZR-EQTB11. The VI354 and VI325 viruses should 
be renamed subtype K in eiiv and gag, respectively. Table 3 
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. .i TABLE 3. NEW SUBTYPE DESIGNATION OF THE PREVIOUSLY DIVERGENT SUSWE F STRAINS 

Samples Reference Origin Regions sequenced New subtype designation 

MP446 17 Cameroon Partial env F2 
CA4 18 Cameroon Partial env F2 
CA16 18 Cameroon Partial env F2 
CA20 18 Cameroon , Partial env * F2 
CMR304 15 Cameroon Partial env F2 
CMR158 15 Cameroon Partial env F2 
CMR275-F 15 Cameroon , Partial env F2 
VI354 19 Gabon Partial env K (F3) 
VI325 27 Belgium Gag K (F3) 
MP584 17 Cameroon Partial gag Partial env Recombinant gagA-envF2 
EQS 16 17 DRCa Partial gag Partial env Recombinant gagF2El-envFl 
ZR36 17 DRC Partial gag Partial env Recombinant gagA-envK (F3) 

aDRC, Democratic Republic of Congo. 

summarizes the new subtype designation of the previously de- 
scribed divergent subtype F strains. 

DISCUSSION 

In this paper, the near-full-length genome sequences of five 
African HIV-1 viruses previously identified as subtype F or di- 
vergent F strains are described. Based on partial genome se- 
quencing in gag and the envelope, we preliminarily subdivided 
subtype F into three subgroups called F1, F2, and F3.17 Se- 
quencing of the near-full-length genome of representative 
strains obtained from epidemiologically unlinked individuals 
from each of these subgroups allowed us to determine that the 
divergent subtype F strains prelímihary called F3 correspond to 
a new nonrecombinant subtype, designated K. Phylogenetic tree 
analysis, diversity plotting, and bootscanning of strains K- 
96CM-MP535 and K-97ZR-EQTB11 showed that subtype K 
is evolutionary equidistant to previously described subtypes A 
to J. 

Overall the genetic distances observed between F1 and F2 
are lower and close to those observed between subtype B and 
D. As with subtypes B and D, F1 and F2 viruses cluster con- 
sistently together in phylogenetic trees of different genomic re- 
gions. The genetic divergence between B and D, as well as for 
F1 and F2, is hardly any greater than the diversity seen within 
some other subtypes, especially subtype A.ll Therefore we pre- 
fer to consider the F2 strains as a subclade of subtype F instead 
as an equidistantly related new subtype. 

In each of the two F2 isolates there are genomic regions that 
seem less related to each other, however, these are inconsis- 
tently distributed and cannot be attributed to areas of recombi- 
nation with other known subtypes. Based on the bootstrap plots, 
the associations between the F2-95CM-ME55 and F2-95CM- 
MP257 strains were lower in certain regions of the genome, es- 
pecially in gag and in the 5‘ end of the envelope gene. How- 
ever diversity plots and phylogenetic tree analysis showed that 
also in these regions the closest relationship was observed be- 
tween the F2 strains as compared to representatives of the other 
subtypes, and the F2-95CM-MP255 and F2-95CM-MP257 
Strains clustered together although supported with lower boot- 
strap values, especially in the 5’ end of the envelope gene. This 

can be due to lower phylogenetic information in this region. In 
the nef gene, Fl and F2 have a closer relationship but still form 
separate clusters in this region. A similar ambiguity is also ob- 
served for subtype A/G-IBNG, G, and A E  viruses in the prox- 
imal portion of the gp41 cytoplasmic domain, where the rela- 
tionship between these viruses is close to intrasubtype 
divergence but these subtypes still form separate groups within 
this s~percIuster.’~,~~ 

The results presented on the K-95CM-MP535 and K-97ZR- 
EQTB 11 strains show clearly that these strains represent mem-, 
bers of a new subtype of HIV-1, subtype K. These viruses were 
isolated from patients living in two different countries and both 
patients denied traveling into another African country. These 
data indicate a generalized spread of subtype K in Central 
Africa. 

Clearly defined subtype F samples have been documented in 
several South American countries, cases have been described 
in Europe, and subtype F strains have also been isolated in 
Africa or from Europeans infected in Africa or with an African 

In Romania, subtype F was responsible for an ex- 
plosive HIV-1 outbreak among hospitalized ~hi ldren.2~7~~ The 
close relationship of these European and South American sam- 
ples with samples from Africa conf i i s  an African origin of 
the subtype F epidemic in Romania and South America. Di- 
vergent subtype F samples have been mainly reported from 
Cameroon, and as has been shown in our study, these samples 
correspond to the F2 subclade within subtype F. All the sam- 
ples previously described as subtype F from Cameroon by 
Nkengasong et al.18 and Takehisa et al.15 should be reconsid- 
ered as F2. The data from their studies and unpublished results 
from our group indicate also that F2 is relatively prevalent, rep- 
resenting 7 to 17% of the circulating strains in Cameroon. Up 
to now, this subclade has been described only in Cameroon. A 
large survey on the genetic distribution of HIV-1 subtypes re- 
vealed, however, that F2 viruses circulate also in other African 
countries, like Nigeria, Gabon, and the Democratic Republic of 
Cong0.3~ Preliminary data on recombinant viruses in Cameroon 
indicated several examples of recombination events with F2 and 
other subtypes. Indeed, the MP584 strain belonging to F2 in the 
V3-V5 region of the envelope gene was identified as subtype 
A in gag.17 

The VI354 strain described in Gabon,lg and initially classi- 
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fied as the most divergent subtype F virus in the envelope, forms 
a highly supported cluster with the K-96CM-MP535 and K- 
97ZR-EQTB 11 strains, therefore, its subtype designation 
should be reconsidered and this virus is a representative of the 
newly described W-1 subtype K viruses, at least in the en- 
velope region. The same is true for the ZR36 strain from the 
Democratic Republic of Congo. This subtype circulates in at 
least three different Central African countries and preliminary 
data on samples from Cameroon and the Democratic Republic 
of Congo show that this subtype is also involved in recombi- 
nation events. Indeed, the ZR36 strain has been found to clus- 
ter into subtype A and gag.17 

The equidistance of subtype K to the other subtypes of W- 
1 and their presence in mosaic genomes suggest that this sub- 
type existed as long as the other subtypes. F e  lower diver- 
gence between subtype B and D as compared to the values 
observed between other subtypes led to the hypothesis of a com- 
mon ancestry and a more recent subdivision for B and D 
viruses$0 As for these viruses, our observations also suggest a 
common ancestor for F1 and F2 viruses. 

The global epidemic has been extensively characterized by 
genetic analysis. The various genetic subtypes differ in their ge- 
ographic spread and so the subtype designations have been 
powerful molecular epidemiological markers for tracking the 
course of the global pandemic. Subtype classification would be 
of greater interest if members of the various subtypes were 
found to differ in biological differences. There are several in- 
dications that there may be biological differences among HIV- 
1 groups: the group O viruses do not have cyclophilin A to pro- 
duce infectious virions41 and in vitro data showed that HIV-1 
group0 viruses are naturally resistant to nonnucleoside reverse 
transcriptase (RT) inhibitors, as is HIV-2?2,43 In addition, 
within group M, some subtype F samples are less susceptible 
to the nonnucleoside reverse transcriptase inhibitor tetrahydro- 
imidazo[4,5,l-jk][1,4]-benzodiazepin-2-(1H)-one and -thione 
derivates W O ) ,  and some subtype G strains are less suscep- 
tible to protease in hi bit or^.^,^^ The CXCR4-positive rapidhigh 
phenotype is underrepresented among subtype C isolates and 
the syncytium-inducing phenotype is rare among subtype C- 
infected  patient^?^,^^ The genetic subtype can also have an im- 
pact on the efficiency of testing for W antibodies?* How- 
ever, it will be difficult to show a consistent association be- 
tween subtype and correlates of transmission and pathogenesis 
and a single characteristic such as subtype will most probably 
not account for si,dcant differences in transmission and dis- 
ease progression. Nevertheless, it would be premature to con- 
clude that there are no subtype-specific differences in virus bi- 
ology, transmission, or disease development. 

Given the wide dispersal of HN-1 subtypes intemation- 
ally and the occurrence of intemational travel, the geographic 
distribution of subtypes is evolving, and intermixing of HIV- 
1 variants is inevitable. If differences exist among different 
sÚbtypes, it is important that these subtypes are,well defined 
and it remains significant to know the underlying molecular 
epidemiology of W-1. Since HIV-1 strains of different sub- 
types have been shown to recombine, the complete genome 
should be analyzed to verify that all regions of the virus clus- 
ter independently before considering a new subtype. In this 
study we sequenced the first near-full-length HIV-1 genomes 
from a new nonrecombinant HIV-1 subtype, designated K, as 
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well as from two representatives of the F2 subclade within 
subtype F. 

SEQUENCE DATA 

The new sequences have been deposited in the GenBank 
Data Library under the following Accession Numbers: 
AJ249235-AJ249239. 

ACKNOWLEDGMENTS 

This work was supported by grants from the European Union 
(INCO-DC noIC18CT970216), the Agence Nationale de 
Recherches sur le SIDA (ANRS, Projet Sidak), and Karine 
Triques has a Doctoral fellowship from SDACTION. 

We thank Bette Korber for helpful discussions and com- 
ments, and Paul Sharp for his assistance with the informative 
sites analysis and his instructive comments. 

REFERENCES 

1. Gurtler L, Hauser P, Erberle J, von Brunn A, Knapp S, Zekeng L, 
Tsague JM, and Kaptue L A new subtype of human immunodefi- 
ciency virus type 1 (MVP5180) from Cameroon. J Virol 1994; 

2. Vanden Haesevelde M, Decourt JL, De Leys RJ, van der Groen G, 
van Heuverswijn H, and Saman E Genomic cloning and complete 
sequence analysis of a highly divergent African human immuno- 
deficiency virus isolate. J Virol 1994;68:15861596. 

3. Loussert-Ajaka I, Chaix ML+ Korber B, Letourneur F, Gomas E, 
Auen E, Ly TD, Brun-Vézinet F, Simon F, and Saragosti S: Vari- 
ability of human immunodeficiency virus type 1 group O isolated 
from Cameroonian patients living in France. J Virol 1995;69: 
5640-5649. 

4. Peeters M, Gueye A, Mboup S, Bibollet-Ruche F, Ekaza E, Mu- 
langa C, Ouedrago R, Gandji R, Mpele P, Dibanga G, Koumare B, 
Saidou M, Esu-Williams E, Lombaxt JP, Badombena W, Lu0 N, 
Vanden Haesevelde M, and Delaporte E Geographical distribution 
of HIV-1 group O viruses in Africa. AIDS 1997;11:493498. 

5. Simon F, Mauclèe P, Roques P, Loussert-Ajaka I, Miiller-Trutwin 
MC, Saragosti S, Georges-Courbot MC, Barré-Sinoussi F, and Brun- 
Vézinet F: Identification of a new hum& immunodeficiency virus 
type 1 distinct from group M and O. Nat Med 1998;41032-1037. 

6. Myers G, Korber B, Hahn B, Jeang KT, Mellors J, McCutchan F, 
Henderson L, and Pavlaskis G Human Retroviruses and AIDS: A 
Compilation and Analysis of Nucleic Acid and Amino Acid Se- 
quences. Los Alamos NationalLaboratory, Los Alamos, NM, 1995. 

7. Korber B, Myers G, Foley B, Kuiken C, Leimer T, McCutchan FE, 
Mellors J, and Hahn B: Human Retroviruses and AIDS: A Compi- 
lation and Analysis of Nucleic Acid and Amino Acid Sequences. 
Los Alamos National Laboratory, Los Alamos, NM, 1997. 

8. Preston BD, Poiesz BJ, and h e b  LA: Fidelity cJf HIV-1 reverse 
transcriptase. Science. 1988;243:1731-1734. 

9. Larder BA, and Kemp SD: Multiple mutations in HIV-1 reverse 
transcriptase confer high-level resistance to zidowdine (AZT). Sci- 
ence 1989;246:1155-1158. 

10. Can JK, Salminen MO, Koch C, Gotte D, Artenstein AW, Hegerich 
PA, St Louis D,-Burke DS, and McCutchan FE: Full-length se- 
quence and mosaic structure of a human immunodeficiency virus 
type 1 from Thailand. J Virol 1996;705935-5943. 

68:1581-1585. 



'. . '\. 
. .  

' 150 

11. Gao F, Robertson DL, Carruthers CD, Morrison SG, Jian B, Cheu 
Y, Barré-Sinoussi F, Girard M, Srinivasan A, Abimiku AG, Shaw 
GM, Sharp PM, and Hahn B: A comprehensive panel of near-full- 
length clones and reference sequences for non-subtype B isolates 
of human immunodeficiency virus type 1. J Virol 1998;7: 
5680-5698. 

12. McCutchan FE, Carr JK, Bajani M, Sanders-Buell E, Harry TO, 
Stoackli TC, Robbins KE, Gashau W, Nasidi A, Janssens W, and 
Kalish ML: Subtype G and multiple forms of A/G intersubtype re- 
combinant human immunodeficiency virus type 1 in Nigeria. Vi- 
rology 1999;254226-234. 

13. Gao F, Robertson DL, Carruthers CD, Li Y, Bailes E, Kostrikis 
LG, Salminen MO, Bibollet-Ruche F, Peeters M, Ho DD, Shaw 
GM, Sharp PM, and Hahn B H  An isolate of human immunodefi- 
ciency virus type 1 originally classified as subtype I represents a 
complex mosaic comprising three different group M subtypes (A, 
G and I). J Virol 1998;7210234-10241. 

14. Oelrichs RB, Workman C, Laukkanen T, McCutchan FE, and Dea- 
con N J  A novel subtype recombinant full-length HIV type l 
genome from Burkina Faso. AIDS Res Hum Retroviruses 1998;14 

15. Takehisa J, Zekeng L, Ido E, Mboudjeka I, Moriyama H, Miura T, 
Yamashita M, Gurtler LG, Hayami M, and Kaptue L Various types 
of HIV mixed infections in Cameroon. Virology 1998;245:1-10. 

16. Laukkanen T, Albert J, Liitsola K, Green SD, Carr JK, Leitner T, 
McCutchan FE, and Salminen M O  Virtually full-length sequences 
of HIV type 1 subtype J reference strains. AIDS Res Hum Retro- 
viruses 1999; 10:293-297. 

17. Triques K, Bourgeois A, Saragosti S, Vidal N, Mpoudi-Ngole E, 
Nzilambi N, Apetrei C, Ekwalanga M, Delaporte E, and Peeters 
M High diversity of HIV-1 subtype F strains in Central Africa. 

18. Nkengasong JN, Janssens W, Heyndrickx, L, Fransen K, Ndumbe 
PM, Motte J, Ngolle M, Ayuk J, Piot P, and van der Groen G. 
Genotypic subtypes of HIV-1 in Cameroon. AIDS 1994;8: 

19. Delaporte E, Janssens W, Peeters M, Buv6 A, Dibanga G, Perret 
JL, Ditsambou V, Mba JR, Courbot &C, Georges A, Bourgeois A, 
Samb B, Henze1 D, Heyndrickx L, Fransen K, van der Groen G, 
and Larouzé B: Epidemiological and molecular characteristics of 
HIV infection in qabon, 1986-1994. AIDS 1996;10903910. 

20. Mulanga-Kabeya C, Nzilambi N, Edidi B, Minlangu M, Tshim- 
Paka T, Kambembo L, Atibu L, Mama N, nunga W, Sema H, Tshi- 
manga K, Bongo B, Peeters M, and Delaporte E Evidence of sta- 
ble HIV seroprevalences in selected populations in the Democratic 
Republic of Congo. AIDS 1998;12:905-910. 

21. Bibollet-Ruche F, Loussert-Ajaka I, Simon F, Mboup S, Mpoudi 
E, Saman E, Delaporte E, and Peeters M Genetic characterization 
of accessory genes from human immunodeficiency virus type 1 
group O strains. AIDS Res Hum Retroviruses 1998;14951-961. 

22. Thompson JD, Higgins DG, and Gibson T J  CLUSTAL W-im- 
proving the sensitivity of progressive multiple sequence alignment 
through sequence weighting, position specific gap penalties and 
weight matrix choice. Nucleic Acids Res 1994;2246734680. 

23. Kimura M A simple method for estimating evolutionary rates of 
base substitution through comparative studies of nucleotide se- 
quences. J Mol Evol 1980;16:111-120. 

24. Ray S C  SimPlot for Windows (version 2.5). Baltimore, MD. Dis- 
tributed by author. 

25. Salminen MO, Carr J, Burke DS, and McCutchan FE: Identifica- 
tion of breakpoints in intergenotypic recombinants of HIV type 1 
by boo t sceng .  AIDS Res Hum Retroviruses 1995;ll: 

26. Robertson DL, Hahn B, and Sharp P M  Recombination in AIDS. 

27. Louwagie J, McCutchan FE, Peeters M, Brennan TP, Sanders-Bue11 

1495-1500. 

, 

Virology 1999;25999-106. 

1405-1412. 

1423-1425. 

J Mol Evol 1995;40:249-259. 

TRIQUES E T  AL. 

E, Eddy GA, van der Groen G, Fransen K, Gershy-Damet GM, De- 
leys R, and Burke DS: Phylogenetic analysis of gag genes from 70 
international HIV-1 isolates evidence for multiple genotypes. AIDS 

28. Dumitrescu D, Kalish ML, Klicks SC, B,andea CI, and Levy JA: 
characterization of human immunodeficiency virus type 1 isolates 
from children in Romania: Identification of a new envelope sub- 
type. J Infect Dis 1994;169:281-288. 

29. Louwagie J, Delwart EL, Mullins JI, McCutchan FE, Eddy G, and 
Burke DS: Genetic analysis of HIV-1 isolates from Brazil reveals 
presence of two distinct genetic subtypes. AIDS Res Hum Retro- 
viruses 1994;10561-567. 

30. Bandea CI, Ramos A, Pieniazek D, Pascu R, Tanuri A, Schochet- 
man G, and Rayfield MA: Epidemiological and evolutionary rela- 
tionships between Romanian and Brazilian HIV-1 subtype F 
strains. Emerg Mec  Dis 1995;1:91-93. 

31. Apetrei C, Loussert-Ajaka I, Collin G, Letourneur F, Duca M, 
Saragosti S, Simon F, and Brun-V6zinet F HIV type 1 subtype F 
sequences in Romanian children and adults. AIDS Res Hum Retro- 
viruses 1997;13363-365. I 

32. Carr JK, Salminen MO, Albert J, Sanders-Buell E, Gotte D, B k  
DL, and McCutchan FE: Full genome sequences of human im- 
munodeficiency virus type 1 subtypes G and A/G recombinants. 
Virology 1998;247:22-31. 

33. Morgado MG, Sabino EC, Shpaer EG, Bongertz V, Brigido L, 
Guimaraes MD, Castilho EA, Galvao-Castro B, Mullins JI, Hendry 
RM, and Mayer A V3 region polymorphisms in HIV-1 from 
Brazil: Prevalence of subtype B strains divergent from North Amer- 
icanEuropean prototype and detection of subtype F. AIDS Res 
Hum Retroviruses 1994;10:569-579. 

34. Campodonico M, Janssens W, Heyudrickx L, Fransen K, Leouaers 
A, Fay FF, Taborda M, van der Groen G, and Fay OH: HIV type 
1 subtypes in Argentina and genetic heterogeneity of the V3 re- 
gion. AIDS Rès Hum Retroviruses 1993;1279-81. 

35. Leitner T, Korovina G, Marquina S, Smolskaya T, and Albert J: 
Molecular epidemiology and MT-2 cell tropism of Russian HIV 
type 1 variant. AIDS Res Hum Retroviruses 1996;12:1595-1603. 

36. Marquina S, Leitner T, Rabinovich RD, Benetucci J, Libonatti O, 
and Albert J: Coexistence of subtypes B, F and as B R  env re- 
combinant of HIV type 1 in Buenos Aires Argentina. AIDS Res 
Hum Retroviruses 1996;121651-1654. 

37. Sabino EC, Diaz RS, Brigido LF, Leam GH, Mullins JI, Reingold 
AL, Duarte AJS,  Mayer A, and Busch Mp: Distribution of HIV-I 
subtypes seen in an AIDS clinic in Sao Paulo city, Brazil. AIDS 

38. Simon F, Loussert-Ajaka I, Damond F, Saragosti S, Barin F, and 
Brun-V6zinet F: HIV type 1 diversity in northern Paris, France. 
AIDS Res Hum Retroviruses 1996;121427-1433. 

39. Peeters M, Esu-Williams E, Nzila E, Mpoudi E, Mboup S, Samgosti 
S, and Delaporte E Molecular epidemiology of HIV-I genetic sub- 
types in West and Central Africa. (Abstract 11 163) XII Conference 
on AIDS, June 28-July 3, Geneva, 1998. 

40. Cornelissen M, van den Burg R, Zorgdrager F, Lukashov V, and 
Goudsmit J: pol gene diversity of five human immunodeficiency 
virus type 1 subtypes: Evidence for naturally occurring mutations 
that contribute to drug resistance, limited recombination patterns, 
and common ancestry for subtypes B and D. J Virol 1997;71: 
63484358. 

41. Braaten D, Franke EK, and Luban J: Cyclophilin A is required for 
the replication of group M human immunodeficiency virus type 1 
(HIV-1) and simian immunodeficiency virus SN ( C E )  GAB but 
not group O HIV-1 or other primate immunodeficiency viruses. J 
Virol 1996;704220-4227. 

42. Descamps D, Collin G, Loussert-Ajaka I, Saragosti S, Simon F, 
and Brun-Vézinet F HIV-1 group O sensitivity to antiretroviral 

1993;7:769-780. 

1996;10:1579-1584. 

drugs. AIDS 1995;9:977-978. 



1 

u IDENTIFICATION OF W-1 SUBTYPE K 

43. Descamps D, Collin G, Letoumeur F, Apetrei C, Damond F, 
Loussert-Ajaka I, Simon F, Saragosti S, and Brun-Vézinet F Sus- 
ceptibility of human immunodeficiency virus type 1 group O iso- 
lates to antiretroviral agents: In vitro phenotypic and genotypic 
analyses. J Viro1 1997;71:8893-8898. 

44. Apetrei C, Descamps D, Collin G, Loussert-Ajaka I, Damond F, 
Duca M, Simon F, and Brun-Vézinet F Human immunodeficiency 
virus type 1 subtype F reverse transcriptase sequence and drug sus- 
ceptibility. J Viol 1998;723534-3538. 

45. Descamps D, Apetrei C, Collin G, Damond F, Simon F, and Brun- 
Vézinet F Naturally occumng decreased susceptibility of HIV-1 
subtype G to protease inhibitors. AIDS 1998;121109-1111. 

46. Tsherning C, Alaeus A, Frederiksson R, Bjomdal A, Deng H, 
Littman DR, Fenyo EM, and Albert J: Differences in chemokines 
coreceptor usage between genetic subtypes of HIV-1. Virology 

47. Peeters M, Vincent R, Perret JL, Lasky M, Patrel D, Liegeois F, 
Seng R, Matton T, Molinier S, and Delaporte E Evidence for dif- 

1998;241:181-188. 

ferences in 

151 

,types of HIV- 
1: The switch from non-syncytium to syncytium inducing variants 
seems rare in subtype C HIV-1 viruses. J Acquir Immune Defic 
Syndr Hum Retrovirol1999;20115-121. 

48. Apetrei C, Loussert-Ajaka I, Descamps D, DamondF, Saragosti S, 
Brun-Vézinet F, and Simon F Lack of screening test sensitivity 
during HIV-1 non-subtype B seroconversions. AIDS 1996;lO: 
F57-F60: 

4T2 cell tropism according to genetic SI 

Address reprint requests to: 
Martine Peeters 

Laboratoire Rétrovirus 
Institut de Reclzerclze polir le Développement 

911 Aveni!e Agropolis, BP 5045 
34032 Montpellier Cedex 1, France 

E-rnail: martine.peeters@mpl.ird.fr 



Ja] 

IS! 

nux 

3 N  

Y 

0 

2 

-2 

,000 

,229 


