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To the editor:

The WHO ⁄ OIE ⁄ FAO H5N1 Evolution Working Group has

previously proposed a nomenclature system designed to

classify the A ⁄ goose ⁄ Guangdong ⁄ 1 ⁄ 1996 lineage of Eur-

asian highly pathogenic H5N1 avian influenza viruses. To

date the nomenclature system has identified 10 distinct

clades of viruses based primarily on the phylogenetic char-

acterization and sequence homology of the hemagglutinin

(HA) gene. 1 Clades were strictly defined using criteria

based on sharing of a common node and monophyletic

grouping with a bootstrap value of ‡60 at the clade defin-

ing node (after 1000 neighbor-joining bootstrap replicates)

and maintaining average percentage pairwise nucleotide

distances between and within clades of >1Æ5% and <1Æ5%

respectively. However, as viruses within these clades con-

tinue to evolve, new H5N1 clades (defined by the same

specific criteria) can be expected to periodically emerge

from within established clades. These new clades are

defined as second (or third, etc.) order clades and assigned

a numerical ‘address’ which links them to their original

clade. In this progressive system, the WHO ⁄ OIE ⁄ FAO

H5N1 Evolution Working Group examines the available

data and updates the associated phylogenetic trees and

clade nomenclature on an ongoing basis.

Divergence of clade 2Æ2 H5N1 viruses

The continuing circulation of highly pathogenic avian

influenza (HPAI) H5N1 viruses in poultry and ⁄ or wild

birds of Asia, the Middle East, Europe, and Africa has led

to an increase in the cumulative number of isolates avail-

able for sequence analysis. The H5 HA from these viruses

has continued to evolve rapidly. Molecular phylogenetic

analyses of the clade 2Æ2 HA genes are of particular impor-

tance due to the wide geographic spread of viruses of this

clade and their proven ability to cause human disease. Sev-

eral recent independent reports in the scientific literature

describe the evolution of clade 2Æ2 HPAI viruses2–7 and

identify emerging lineages using either novel naming con-

ventions or modifications of the criteria proposed by the

WHO ⁄ OIE ⁄ FAO H5N1 Evolution Working Group to clas-

sify HPAI H5N1 viruses.

In order to understand how these new designations

are related to the H5 HA phylogenetic tree previously

published by the WHO Evolution Working Group, a

comprehensive phylogenetic analysis of the HA of clade

2Æ2 viruses was performed using these new data, as well

as other sequences more recently added to public data-

bases. In this letter, we consider the further delineation

of this specific clade by applying the unified nomencla-

ture criteria used previously to classify HPAI H5N1 virus

lineages.1

To address the question of whether the clade 2Æ2 viruses

have evolved sufficiently to require subdivision into third-

order clades, as has been done with other clades (i.e., clade

2Æ1 and 2Æ3), we initially constructed a phylogenetic tree

composed of more than 300 nearly complete HA sequences

available from GenBank. The neighbor-joining tree (Fig-

ure 1) constructed using a GTR + I + G model in PAUP

with 1000 bootstraps was rooted to clade 2Æ5 viruses and its

topology analyzed. Using this approach, we show that all

previously described clade 2Æ2 viruses remain in a single

monophyletic group comprising isolates from many regions

of Asia, the Middle East, Europe, and Africa. As expected,

many isolates cluster geographically and temporally, but

there are many exceptions, which could be attributed to
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Figure 1. Neighbor-joining (NJ) tree of clade 2Æ2 H5N1 hemagglutinin gene sequences descending from A ⁄ goose ⁄ Guangdong ⁄ 1 ⁄ 96-like viruses. The

tree is rooted at the clade 2Æ5 node. Bayesian posterior probabilities and NJ bootstrap values (1000 replicates) are shown in red and black,

respectively.
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previously identified mechanisms of viral spread (i.e., poul-

try trade and bird migration). Despite the apparent diver-

gence of isolates into specific groups, when classified

according to the unified nomenclature criteria and using a

wide variety of available strains, clade 2Æ2 H5 HA genes

remain an extremely closely related group at the nucleotide

level with short branch lengths (note the 0Æ003 nucleotide

substitution scale of the tree). Additionally, there is low

bootstrap support at the primary nodes separating the

major viral groups (only bootstrap support ‡60 is shown on

tree), such that the overall topology of the tree is not robust

at these primary nodes.

In addition to neighbor-joining analysis, Bayesian analy-

sis was conducted with MRBAYES 3Æ0 (Tallahassee, FL,

USA) by using two replicates of 3 million generations

sampling every 100 generations. Bayesian posterior proba-

bilities (BPPs) were calculated from the consensus of

54 000 trees after excluding the first 6000 trees as burnin.

BPPs are calculated taking into account the specified

nucleotide model, while the bootstrap resamples from the

nucleotide dataset allowing the possibility that the resam-

pled alignment in each bootstrap replicate does not fit the

nucleotide model of the actual dataset. In contrast, the

BPPs are calculated from >10 000 trees that were gener-

ated from the original dataset and taking into account the

model. As such, BPPs provide an alternative method for

the estimation of phylogenetic support in these analyses

and an additional layer of statistical support when inter-

preting phylogenetic relationships (Figure 1).

Nucleotide similarity analyses between most groups of

sequences in clade 2Æ2 reveal a nucleotide divergence of

<1Æ5%. However, a highly divergent group of viruses (at

the bottom of the tree in Figure 1) comprising isolates pri-

marily from Egypt, Israel, the Gaza Strip, Nigeria, and Eur-

ope are characterized by strong statistical support

(bootstrap 88%, BPP 100%) and ‘inter-group’ nucleotide

divergence >1Æ5% between this group and all other clade

2Æ2 viruses. In addition, pairwise comparison of the

‘within-group’ nucleotide distances is <1Æ5%. Based on

these previously defined criteria, this group of viruses can

be classified as a third-order clade.

Thus, the WHO ⁄ OIE ⁄ FAO H5N1 Evolution Working

Group recommends describing clade 2Æ2 as having a third-

order clade: clade 2Æ2Æ1. The remaining viruses in clade 2Æ2
from Asia, the Middle East, Europe, and Africa will continue

to be classified as belonging to clade 2Æ2. Because this analysis

has only considered the ‘global’ evolution of clade 2Æ2, the

working group has not attempted to address the evidence

that additional distinct sublineages within clade 2Æ2 have

emerged recently. However, the working group recommends

that newly described sublineages of H5N1 not be classified

using the decimal-numbering system until that sublineage

has met each of the specific criteria for H5 HA clade designa-

tion. Of note is a sublineage of clade 2Æ2 comprised of iso-

lates from Europe, Russia, Mongolia, Korea, India, the

Middle East, and Nigeria, which has evolved extensively in

recent years (marked in green in Figure 1). Because this

group falls slightly below the >1Æ5% divergence threshold it

has not been assigned a third-order clade status but is likely

to meet this criteria soon assuming further divergence

occurs. The emergence of additional third-order clades will

be monitored as clade 2Æ2 viruses continue to evolve.
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