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. OVERVIEW

Globally circulating strains of human immunodeficiency virus type one
(HIV-1) exhibit an extraordinary degree of genetic diversity, which may influ-
ence aspects of their biology such as infectivity, transmissibility and immuno-
genicity. Sequences derived from these HIV-1 strains have historically been
classified on the basis of their phylogenetic relationships into groups and
subtypes. However, the increasing complexities of newly derived HIV-1 se-
guences have indicated a need to re-evaluate the current nomenclature system.
In September 1999, a meeting was held at the Santa Fe Institute, New Mexico,
todiscusstheshortcomingsof theHIV-1 nomenclaturenow in use. Thegoal was
to resolve ambiguities, while at the same time retain as much of the current
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nomenclature as possible, so as to avoid inconsistencies with the existing
literature. A summary of the deliberations and resulting recommendations is
described below.

1. INTRODUCTION

A first attempt to classify HIV-1 sequenceswasto subdivide them into
European/North American and African strains, as sequences derived from
European and North American isolatesformed adistinct cluster in phylogenetic
trees, while strainsfrom Africa separated into different lineages (Li et al. 1988;
Myerset al. 1988). However, when additional sequencesfrom other geographic
regions became available, it was clear that this classification system was too
limited. Instead phylogenetic analysis of envelope sequences revealed the
existence of multiple phylogenetic clusters, or clades, which were approxi-
mately equidistant from one another. These cladeswere named subtypesA to F,
with the prototypic “North-American/European” strains relabelled subtype B
(Myerset al. 1992). Subsequently, five of these six env-based subtypes/clades
(A, B, C,DandF, but not subtype E) wereidentifiedin phylogeniesinferred from
the gag region (Louwagie et al. 1993). In the following years four additional
subtypes, G to J, were characterized based on phylogenetic comparisons of
partial sequences (Janssenset al. 1994; Kostrikiset al. 1995; Leitner etal. 1995;
Louwagie et al. 1995). More recently, subtype F was reported to be comprised
of sub-subtypes F1, F2 and F3 based upon gag and env phylogenetic compari-
sons (Triques et al. 1999), but after subsequent analysis of complete genomes,
sub-subtype F3wasrenamed subtypeK (Triquesetal. 2000). [ Thelatter subtype
“K”should not be confused with partial sequences recently designated as “k”
which cluster as asister clade to subtype D (Roques et al. 1999).] Collectively
all of the HIV-1 subtypes group together to form a clade which has been termed
group M for “main”, to distinguish them fromthe HIV-1 group O (outlier) clade
(Gurtler et al. 1994), and the recently discovered HIV-1 group N (non-M/non-
O) clade (Simon et al. 1998).

The great majority of HIV-1 strains cluster consistently in phylogenetic
trees, that isthey fall intothesame subtype(or group) regardlessof whichregions
of their genomes are analyzed. However, it was recognized early on that a
fraction of HIV-1 strains exhibit discordant branching orders in phylogenies
inferred from different parts of their genomes (Robertson et al. 1995). This
finding, along with the fact that all of these viruses originated from geographic
regions where the same divergent sequence subtypes co-circulated, strongly
suggested that these viruses were the product of recombination events. This
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propensity for HIV to recombine was not unexpected, given results from
previousretrovirusresearch (Coffin 1979; Hu and Temin 1990a; Hu and Temin
1990b) and specific HIV studies (Li et al. 1988; Sabino et al. 1994; Diaz et al.
1995), and it isnow well established that recombination isarelatively common
occurrence among different strains of HIV (reviewed in Robertson and Gao
1998; Quinones-Mateu and Arts 1999). Thisismost obviousamong membersof
different subtypes, but is aso likely to occur among members of the same
subtype, athough current methods fail to reliably identify such intra-subtype
recombinants. One of the more interesting, and epidemiologically important
exampl esof recombinant strains, arethe so-called“ subtypeE” viruseswhichare
most prevalent in Thailand and neighbouring countries in Southeast Asia
Evidence that “subtype E” viruses might represent recombinants was inferred
initially from phylogenetic studies of gag and env (McCutchan et al. 1992;
Louwagieetal. 1993), andlater from analysesof complete* subtypeE” genomes
(Carretal. 1996; Gaoet al. 1996). Intheextracel lular portion of gp120and gp41,
“subtypeE” viruseshavelong been knownto cluster asadistinct group, afinding
which led to their initial classification as an independent subtype (Myerset al.
1992). In contrast, in regions such as gag and poal, al “subtype E” viruses fall
within the subtype A radiation. Thus, “subtype E” appears to comprise a
recombinant lineage between subtypes A and E, although a “clean” (non-
recombinant) subtype E lineage has not been found | eading to some debate about
the recombinant status of subtype E (see Discussion).

Recent advances in long PCR technologies have made it possible to
generatefull-length HIVV genomic sequenceson aroutine basis (Salminen et al.
1995; 1996). This again has influenced HIV-1 nomenclature, asit isnow clear
that recombination breakpointsfrequently occur throughout the HIV genome. It
also hasbecome apparent that subtype assignmentsin the accessory generegion
can be difficult. For example, all known subtype G strains are relatively more
closely related to subtype A in the vif/vpr region. Whether this indicates an
anomaly or arecombinant ancestry of subtype G remainsunresolved (Carr et al.
1998b; Gao et al. 1998b). Recent studies have also shown that new subtypes
cannot be assigned on the basis of subgenomic sequencesonly. For example, an
HIV-1lisolate previoudy classified assubtypel onthe basis of C2V 3 sequences
(Kostrikis et al. 1995) was found to be a complex recombinant comprised of
subtypes A, G and regions that do not fall into any of the currently defined
subtypes (Gao et al. 1998a; Nasioulas et al. 1999). Moreover, non-contiguous
regions of unknown subtype origin, initialy all termed “subtype |, were later
found to be closely related to either subtype H or K, or unclassified sequences
representing atleast one other unknown subtype (Salminen 1999). This case
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Figure 1. Phylogenetic relationships between representative strains of HIV-1 group M
subtypesA-D, F1, F2, G, H, Jand K, groups N and O, and SIVcpz (P.t.t.) inferred from pol
nucl eotide sequence comparisons. The pol regionwastaken from an alignment of represen-
tative near full-length strains. The alignment was gap-stripped and this mid-point rooted
phylogenetic tree generated by neighbor-joining using DNADIST and NEIGHBOR from
thePHY LIP package (Fel senstein 1993), withthe F84 model, atransition:transversionratio
of 1.5and empirical basefrequencies. Thenumbersindicate percentagebootstrap replicates
(of 2000) calculated using SEQBOOT, DNADIST, NEIGHBOR and CONSENSE fromthe
PHY LIP package; valuesbelow 70% are not shown. The scale bar indicates 2% nucleotide
sequence divergence.
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exemplifies the need for full-length genomic sequences for new subtype desig-
nations. Finaly, some HIV-1 inter-subtype recombinants are spreading epi-
demically (McCutchanetal. 1999; Montavon et al. 1999; Nasioulaset al. 1999).
These have been termed “circulating recombinant forms’ (CRFs) (Carr et al.
1998a) to indicate that they represent strains that are contributing to the global
epidemic.

The results of the deliberations at the Nomenclature workshop and final
recommendations are listed below:

1. THE REVISED HIV NOMENCLATURE SYSTEM

A. Four types of categories should be used to refer tothe major HIV-1
lineages. groups, subtypes, sub-subtypes and CRFs

» Groupswill continueto refer to the very distinctive HIV-1 lineages M,
N and O (see Figure 1 and Gao et al. 1999 for a description of the relationship
of these different HIV-1 lineages to SIVcpz strains). Group M includes the
viruses that dominate the global epidemic and the sub-division of thisgroup is
thefocus of thisproposal. Thegroupswere originally named M for main, O for
outlier, and N for Not-M-Not-O (DeL eys90, Charneau94, Simon98).

* Subtypes will continue to refer to the major clades within group M.
Examples of the subtype structure in phylogenetic trees, and the genetic distances H
within and between subtype sequences can be seen in Figures 1, 2 and3.

* Sub-subtype will be used to refer to a distinctive lineage that is very F1
closely related to a particular subtype lineage, and is not genetically distant
enough tojustify calling anew subtype. The previously recognized subtype, for
example A, would thus be renamed sub-subtype A1 and the hypothetical newly
identified lineage named sub-subtype A2. Exampl es of the sub-subtype organi-
zation in phylogenetic trees, and the genetic distances within and between A
subtype and sub-subtype sequences can be seen in Figures 1, 2, and 3.

» Circulating Recombinant Form (CRF) describes a recombinant lin-
eage, that plays an important role in the HIV-1 pandemic. The CRF members
must share an identical mosaic structurei.e., they are descendal from the same
recombination event(s). The mosaic genome structures and subtype composi-
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Figure 2. Phylogenetic relationships between representative strains of group M subtypes
A-D, F1, F2, G, H, J and K inferred from gag, pol and env nucleotide sequence

tions of the four currently recognized CRFs are schematically shown in Figure 4. comparisons. Thegag, pol and env regionswere taken from an alignment of representative
near full-length strains, including only one sequence per infected individual. The align- A
B. General requirementsfor defining a new subtype, sub-subtype or CRF ments were gap-stripped and these unrooted phylogenetic trees generated by maximum "<D
In order to define a new subtype sub-subtype or CRF representar[ive likelihoodusingfastDNAmI (Olsenetal. 1994), withtheF84 model, atransition:transversion o
Strai < beidentified in at least th ' dividual ith d’ t epidemi ratio of 1.5and empirical basefrequencies. Thesamestrainsare present in each of thetrees. s
I‘a.\l ns mu elaenutiedin reein _'Vl uals with no direct epiaemio- All threetreesaredrawn to the samescal e, to facilitate comparison of theratesof evolution 2

logical linkage. Threenear full-length genomic sequencesare preferred, but two between genes. The scale bar indicates 10% nucl eotide sequence divergence.
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Figure 3. Plots of intrasubtype, inter subtype and inter sub-subtype genetic distancesfor gag
(A), pal (B) and env (C). To calculate these distances, two strategies were used: (1) pairwise
distance matriceswere constructed using DNADIST from the PHY LI P package (Fel senstein
1993), with the F84 model, atransition:transversion ratio of 1.5 and empirical base frequen-
cies, and (2) maximum likelihood trees (from Figure 2). The pairwise distancesin the context
of the trees were defined as the sum of the branches on the shortest path between two |eaf-
nodes. See Figure 2'slegend for the alignment details. Alignments were gap-stripped. The
lineages designated as CRFs were excluded from the calculations. Subtypes B and D were
treated separately from all the other inter-subtype comparisons. Sub-subtypesF1 and F2 were
included intheintra-subtype set, aswell astreated separately, and the F1/F2 comparisonsare
theoutlier pointsintheintra-subtype comparisons. 0.05 on the x-axisindicates 5% nucleotide
sequence divergence. The y-axisindicates the percentage of pairwise comparisonsthat have
the same nucleotide sequence divergence.
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complete genomes in conjunction with partial sequences of athird strain are
sufficient to designate anew subtype, sub-subtype or CRF (to defineaCRF, the
partial sequence(s) must also confirm the CRFs mosaic structure).

C. Guiddinesfor designating subtypes and sub-subtypes

A combination of phylogenetic and distance analyses should be used to
define a new subtype or sub-subtype. A new subtype should be roughly
equidistant from all previously characterized subtypes in al regions of the
genomewith adistinct pre-subtypebranch similar tothose of other subtypes(see
Figures 1 and 2). Given the extent of sampling of strains from the HIV-1
pandemicit is unlikely that many more non-recombinant subtype-like lineages
will be found. However, it is possible that as sampling continues, particularly
from Central Africa, more lineages will be found that do not fit neatly into the
current subtype system. Whether such lineages will ultimately confound the
current classification system is difficult to predict at the present time.

A sub-subtypeshould beidentified whenagroup of virusesissignificantly
more closely related to one particular subtype, i.e., the new lineage should form
asister cladeto the subtypein question. Such sub-subtypeswereidentifiedinthe
past but were misclassified. For example, it appears that in retrospect subtypes
B and D should have been classified as sub-subtypes B1 and B2, or D1 and D2
rather than as separate subtypes (Figure 2), but for the sake of consistency with
published literature subtypesB and D will not berenamed. Lineagesthat exhibit
different rel ationshipsto other subtypesin different regions of their genomeare
potentially CRFs (see section F), and should be analyzed appropriately.

To aid researchers in distinguishing between subtypes and sub-subtypes,
genetic distance analyses in conjunction with phylogenetic approaches may be
useful. To devel op these genetic distance guidelines, within- and between-class
distancesto ancestral nodeswere compared in gag, pol and env trees (Figure 2),
or else simpl e pairwi se distance compari sons were compared, again, in gag, pol
and env regions, for all availablefull-length sequencesthat could be unambigu-
ously assigned to a non-problematic class. Figure 3 illustrates these within-
subtype, between-subtype and between-sub-subtype distances. These distances
can be used to judge whether a new lineage is more likely to be a new subtype
or sub-subtype. For example, the plots show that sub-subtypes F1 and F2 have
distances that are similar to subtypes B and D. Using different substitution
models for the distance calculations did not affect the relationship between the
distributions of sub-subtype and subtype distances. However, it hasbeen shown
that morerealistic modelsarepreferredfor detail ed evol utionary studies (L eitner
et al. 1997), and the rel ationships between the distributions may change dueto
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increased distancesin thefuture. Thus, it should be emphasized that all distance
analyses should be carried out using appropriateref erence strainsand backed up
with detailed phylogenetic analyses.

To provideinvestigatorswith an easy screening method, anew tool based
on genetic distance compari sons, designated the Subtype Distance Tool (SUDI),
will beavailableat theLos AlamosNational Laboratory (LANL) HIV Sequence
Databasewebsite (http://hiv-web.lanl.gov). Thisonlinetool will enableauser to
automatically create plots of pairwise comparisons similar to thosein Figure 3
for strains of unknown subtype or sub-subtype classification. For example, the
strainsM P535C and EQTB11Cthat definesubtypeK (Triqueset al. 2000), when
entered into SUDI with reference strains, give the resultsthat sub-subtype F2 is
the closest in gag and pol while F1 isthe closest in env. From this, the program
calculatesthe distancesfrom K to the closest lineage, and to the other subtypes,
to see if these distances are in the between-subtype, between-sub-subtype or
intra-subtype ranges. The results (not shown) indicate that subtype K is more
distant from sub-subtypes F1 and F2 than these are from each other, but closer
toF1land F2that to other subtypes, i.e.,intherangeof subtypeB and D distances.
This relationship of subtype K to subtype F is confirmed by phylogenetic
analysis (see Figure 2), indicating that subtype K should have perhaps been
retained as sub-subtype F3. However, in Triques and co-workers analysis of
complete genomes (Triques et al. 2000) subtype K did not consistently form a
sister cladeto subtype F, which isindicative of apossible recombinant ancestry
of the K/F3 lineage. Since subtype K is now an established subtype in the
literature its designation will not be changed.

D. Naming of groups, subtypes and sub-subtypes

 The names of subtypes A-D, F-H, Jand K will be retained; these appear
to represent non-recombinant lineagesrel ative to the known lineages (Salminen
et al. 1996; Gao et al. 1998b; Laukkanen et al. 1999; Triques et al. 2000) with
the possi bleexception of theambiguousregionintheaccessory genesof subtype
G (seesection E). The subtype E designation will also beretained to refer to the
putative non-subtype A regions in the A/E recombinants (see section E).

* Any future subtypeswill continueto be named alphabeticaly,i.e, L, M, N
€tc.

* Sub-subtypeswill be named with anumber following the subtype | etter.

» Thegroup M, N and O nomenclature will be retained; future groupswill
be named alphabeticaly, i.e., P, Q, R etc. To distinguish between group M and
subtype M (when/if thelatter is characterized) the subtypeswould bereferred to
asM:A, M:B.. M:M etc., when it is necessary to avoid confusion. Similarly, if

IV-59

DEC 99

SMaINSY




HIV-1 Nomenclature

7
=
Q2
S
(O]
@

futureresearchidentifiessubtypeswithingroupsN and O, theseshould similarly
be labelled N:A, N:B etc. and O:A, O:B etc. Note, future subtype and CRF
designationswithin groups N and O will have to meet the same criteriaas have
been established for group M.

 Until lineages have met the criteria required for a designation as a
subtype, e.g., when only partial sequences or |essthan three genomic sequences
have been obtained (see section B), they will be labelled “U” for unclassified.

E. The“problematic” subtypesE, G and I:

* Subtype Ewill now bereferredtoasCRFO1_AE (seesection F) toreflect
its distinctive phylogenetic clustering in env relative to the rest of the genome,
and the view held by the majority of the working group’s participantsthat it is
an A/E recombinant (see Discussion). Although the “E-like” segmentsin this
CRF should strictly be called “U” according to the recommendations of this
proposal, the E designation for the envel operegion will beretained for historical
consistency with the existing literature.

» Asmentioned in the Introduction, all presently characterized subtype G
strains share the same ambiguous subtype A relationship in their accessory
region indicating a possible recombinant ancestry of this lineage (Carr et al.
19983; Gao et al. 1998b). However, because of thelack of a*“clean” subtype G
parental representative strain, coupled with the short length of the region in
guestion, the naming of the subtype G lineage will be retained rather than it be
redefined as recombinant.

 The subtype | designation has been dropped from the nomenclature
becausetheisolatesfrom Cyprusand Greece(94CY 032, PVMY and PV CH [the
|atter two strainsarealso named GR11 and GR84]), whichwereearlier classified
as recombinants of A, G and a putative new subtype, | (Nasioulas et al. 1999)
have, uponre-analysiswith previously unavail ablecompl ete genome sequences,
been reveal ed to be mosai cs with regions associated with subtypes A, G, K , H
and unclassified regions (Figure 4; Salminen 1999). Thus, subtype | will be
removed from the genetic classification system of HIV srains, and the “I”
regionswill berelabelled asunclassified (U). Theletter “1” will not bereusedin
the subtype nomenclature to avoid confusion with the existing literature.

F. The CRF nomenclature

Each circulating recombinant form will be given an identifying num-
ber, with letters (listed alphabetically) indicating the subtypes involved, e.g.,
CRF02_AG designatesthe IbNg-like strains circul ating in Africacomposed of
genomic segmentsfrom subtypes A and G (Carr et al. 1998b). If morethan three

subtypes are found to make up the recombinant form, it would be designated as
“cpx” (complex) rather than alist of the subtypesinvolved being given. Thefirst
complete genome sequenced should be used asthereference strain from aCRF.
The four CRFs presently identified (Figure 4) are, in the order of their discov-
eries:

» CRFO1_AE (reference strain CM240) which represents a putative
subtype A/E recombinant form of HIV-1 which is spreading epidemicaly in
Asia, but that originated from Central Africa (Murphy et al. 1993; Carr et al.
1996; Gao et al. 1996). In the future, putative recombinants with only one full-
length “parental” subtype representative would be designated as being com-
prised of this subtype and unclassified regions (U). Under the new system
CRF01_AEwouldbereferredtoasCRF01_AU becausethe putative“ parental”
non-recombinant E strain has not been found. But, asthe“E” designation for the
env region of these strains is very commonly used, renaming it would lead to
confusion. Thus, the“E” designation will be retained.

» CRF02_AG (reference strain IbNg [Howard and Rasheed 1996]) which
represents a subtype A/G recombinant form that is circulating in West and
Central Africa(Carr et al. 1998b; Carr et al. 1999).

* CRF03_AB (reference strain KAL 153) which represents asubtype A/B
recombinant form that is circulating in Kaliningrad, primarily in injecting drug
users(Liitsolaet al. 1998; Salminen 1999). Circulation of this strain appearsto
have been accelerated by intravenous injection of a locally produced opiate
contaminated with HIV infected blood.

» CRF04 _cpx (reference strain 94CY 032) which represents a Cypriot/
Greek recombinant form that was previously classified asan A/G/I recombinant
(Gao et al. 1998a; Nasioulas et al. 1999). This recombinant has recently been
found to be an even more complex mosai c comprised of subtypesA, G, H, K and
unclassified regions (Salminen 1999). Note that the “I” designation has been
dropped from the nomenclature (see section E).

G. Classification of genomic regionsthat do not cluster with the known
subtypes

Full-length genomes or partial regions of strains that form distinct
lineages relative to the known subtypes, and do not meet the criteria for
designating a new subtype or sub-subtype, will be labelled as unclassified (U).
Segmentswithininter-subtyperecombinant genomes, including segmentswithin
CRFs, forwhichthe"parental” strain cannot bedetermined, will belabelled“ U”,
i.e., asubtype can only be defined for alineageinferred to be non-recombinant.
A tableincluding all of the strains designated “U” will be added to the subtype
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Figure 4. Mosaic genome structures of the four currently recognized circul ating recombinant
forms: CRFO1_AE, CRF02_AG, CRF03_AB, and CRF04_cpx. An alignment of representa-
tive near full-length strainswas used. Thisalignment was gap-stripped prior to al analysis. At
thetop of thefigure, an HIV-1 genome map shows the position of each open reading framein
the gap-stripped multiple alignment. Below the genome map, each bar represents the mosaic
pattern of aCRF. Thedifferent colours correspond to different subtype assignments. Thewhite
regions correspond to unassigned regions. The LTRs were not analyzed. The recombinant
regionswereinferred from diversity plots, bootscans(Salminen et al. 1995) and when possible
frominformative sitesanalysis (Robertson et al. 1995). The complete analysis can be found at
http://grinch. zoo. ox. ac. uk/ HIV/Figure_4.html. Also, see the primary publica-
tions mentioned in section F for each of these CRF' s definitive recombination analysis.

reference section at the LANL HIV Sequence Database website (htt p: //
hi v-web. | anl . gov) on the subtype reference alignments page.

NOTES:

1. Seguences that do not span the entire genome cannot be designated a
new subtype, or CRF, but can still, of course, be assigned to an existing subtype,
or CRF. However, such a designation refers only to the specific fragment
seguenced, as the fragment may be embedded within a recombinant genome.

2. Isolatesrepresentative of new subtypes, sub-subtypesand CRFswill be
made available through the NIH AIDS Research and Reference Reagent Pro-
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gram (contact Opendra Sharma, osharma@niaid.nih.gov).

3. We suggest that a simplified version of the WHO style nomenclature
(Korber et al. 1994) be used to name all newly derived HIV strains, and include
thefollowinginformation: year and country of identification, unique laboratory
identification, and clone number. For example, “99USunique ID05" corre-
spondsto astrain sampled in 1999 from apersoninthe US, unique _ID tothein-
house laboratory designation, and 05 is the clone number. A list of two letter
country codes can be found at the LANL HIV Segquence Database website
(http://hiv-web. | anl . gov) onthe DBSearch page. Thetwo character
code “00” will be used for strains identified in the year 2000. Occasionally a
person’s residence and their probable place of infection are different; in these
cases, the residence should be included in the strain name, and the place of
infection recorded in the Features or Comments section of the GenBank/EM BL
entry to aid epidemiological tracking. Indeed, it would be generally helpful if as
much information as possible about aviral strain and its host could be included
in the GenBank entry to aid comparative studies.

4. Authors who plan to describe new sub-subtypes, subtypes, or CRFs
should consult with database staff prior to publication to avoid redundant
namings and general inconsistencies with this newly adapted nomenclature
system. Editors of relevant journalswill also beinformed of the new nomencla
ture guidelines.

V. DISCUSSION

This proposal is intended as a reference guide to aid investigators in
properly and consistently naming new HIV-1 strains. It should be emphasized
that the working group discussed several different revision models. However,
the following considerations were regarded as a priority and thus shaped the
ultimate proposal : First, theworking group felt that consistency withtheexisting
literaturewas critically important. Thus, while some partici pantsfavoured more
extensive changes, the working group ultimately opted for retaining current
group and subtype nomenclature. Second, the working group felt that the new
nomenclature should have practical applicability. There was consensusthat the
subtype and group nomenclature has been extremely useful in the past for the
tracking of the global AIDS epidemic. Asit remains unknown to what extent
HIV-1 genetic variation impacts the biological and immunogenecity properties
of thisvirus, molecular epidemiological surveysremain ahigh priority (thisis
particularly true for AIDS vaccine research). The new nomenclature proposal
has thus been geared toward classifying epidemiologically important viral
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strains, andislessfocussed on naming theincidental viral variant. Third, although
all participants recognized that current recombinant nomenclature can be arbi-
trary, a decision was made to continue to map future recombinants based on
current criteria. Tracking more recent (and future) recombination events was
consideredtobeof greater practical valuethantryingtoreconstruct recombination
eventsthat might havetaken placeinthedistant past. However, thereal possibility
that certain presently identified “pure” lineages might represent recombinant
forms was certainly recognized. Moreover, it was recognized that the current
naming system may in some cases reflect the order in which discoveries were
made, rather thanthetruebiological history of the geneticlineages. Finally, it was
recognized that many more HIV strains may be recombinant than are currently
realized, as recombination may be occurring frequently within subtypes but
remains undetected because of insensitive methods.

Although, for the most part, this document represents a consensus view of
the working group there was some disagreement among participants at the
meeting over the criteria used for assigning recombinants. In particular, the
classification of “ subtypeE"” wasapoint of contention. J.P. Anderson, G.H. Learn,
J.1. Mullins, and A.G. Rodrigo disagreed that current evidence favours arecom-
binant origin of CRFO1 (formerly the “subtype E” viruses). These investigators
reported that statistical testing using the Kishino-Hasegawa test against the null
hypothesis (that no recombination had occurred) did not yield significant results
in support of recombination (Anderson et al., submitted). Furthermore, they
stressed that certain methods commonly used to infer arecombinant origin of a
virus (bootscanning and pairwise distance comparisons) could be indicative of
recombinationwhen, infact, nonehad occurred (Andersonet al. submitted). Thus,
JPA, GHL, JM and AGR arguethat thereisno conclusive evidence that subtype
E hasarecombinant origin. Whileagreeingthat formal evidencefor arecombinant
nature of “subtype E” viruses is lacking (because of the absence of a non-
recombinant parental strain), the majority felt that the discordant phylogenetic
positionsof thedifferent “subtype E” genomic regionsaremost simply explained
astheresult of arecombination event. The group felt that a mere accel eration of
evolutionary rate in “subtype E” env alone would not be sufficient to move this
cluster of viruses outside of subtype A. To support this conclusion, it has been
notedthat phylogeneti ctreesconstructed from synonymousand non-synonymous
changesyielded very similar treetopologies (Gao et al. 1996). Thus, the majority
of participants agreed that “subtype E” should be designated a circulating
recombinant form (CRFO1_AE).

As more sequence data have become available, it has becomeincreasingly
evident that there is a need to obtain complete genome sequences before a new

geneticsubtypeisestablished. Thebest exampleof thisistheformer subtypel (now
designated “U” within CRF04_cpx) in which four unclassified regions, which
were initially thought to all represent the same subtype, were later shown to be
derived from at least two different subtypes (Salminen 1999). Although the great
majority of HIV-1 recombinants presently characterized are not ascomplicated as
CRF04, thismay changein thefuture asrecombinantsarelikely to encounter, and
thus recombine with, other recombinants. Thisislikely to complicate matters, as
it might become impossible to track the many breakpoints and subtype composi-
tions with certainty. Nevertheless, current methods allow the identification of
viruses that share the same genome structure, even if they represent complex
recombinants, and the revised nomencl ature accommodates and emphasi zes such
strains as they gain a wide-spread geographic distribution.

The “subtypes” and “ sub-subtypes” are the distinct clades that are seen in
HIV-1 group M phylogenies, but HIV-1 group M viruses have a so been charac-
terized that do not group closely to any of the known subtypes. Such viruses have
not been designated asrepresentatives of novel subtypes, and are designated under
the revised system as unclassified (U). For example, the 1983 Zairian isolate Z3
was shown not to belong to either subtypeB or D (Li et al. 1988), and still does not
cluster with any of the characterized subtypes. As more viruses are isolated, it is
likely that more sequences will be found that do not fall neatly into the character-
ized subtypes. Also, distinct lineages such asB’ (or Thai B), the subtype B strains
circulating in Thailand that form acladewithin subtype B (Kalish et al. 1995), are
not given special consideration becausethislineageclearly clusterswithin subtype
B. Thus, it may be unavoidable that this latest nomenclature will require further
revision at some point in the future. In the meantime, it is hoped that the current
proposal will rectify obviousinconsistencies and provide areasonabl e framework
for the classification of global strains of HIV-1. Although it isunlikely that there
will be a simple relationship between genotype (be it subtype or CRF) and
biologica phenotype dueto the many factorsthat can select and amplify strainsin
the pandemic, aclear and consistent genetic classification of strains continues to
be useful for epidemiological tracking of the pandemic, vaccine design and for
providing afoundation for detecting biological differencesif any do exist.
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