
© 2006 Nature Publishing Group

BRIEF COMMUNICATIONS ARISING NATURE|Vol 440|27 April 2006

E9

evolved in mammals before the pandemic and
was a reassortment5. They present three simpli-
fied trees showing the 1918 virus on the root of
the mammalian clade, or in either the human or
classical swine subclades, claiming that the 1918
virus was not placed on the root of the tree as
expected. Likewise, Antonovics et al. state that
the 1918 virus sequences are placed in the
human and classical swine influenza clades and
are not basal to them6. That is indeed true for
the polymerase-gene trees shown, so here we
assess this apparent discrepancy. 

We have proposed that the virus responsible
for the 1918 human influenza pandemic was
avian-like, which to us is a reasonable inter-
pretation of all the available data from phylo-
genetic, sequence, serological and historical

analysis, combined with what is known of
influenza A virus biology1–4. However, Gibbs
and Gibbs5 and Antonovics et al.6 question our
inferred origin of the 1918 influenza virus. 

Gibbs and Gibbs contest that the 1918 virus

Taubenberger et al.1 claim that the 1918
influenza virus was derived from an avian
source and adapted to humans shortly before
the pandemic. However, we do not believe
that this conclusion, which has been widely
disseminated in the popular press and in sci-
entific journals2–4, is supported by their phylo-
genetic evidence.

The authors’ conclusion is based on DNA
sequences from three RNA-polymerase genes,
each of which resides on a separate RNA seg-
ment of the viral genome. The nucleotide phy-
logenies that they present1 show, with strong
statistical support, that the 1918 influenza
virus is found within clades containing human

and classical swine influenza viruses and is not
basal to those clades. Moreover, the relation-
ship of the 1918 strain to avian strains (rather
than to equine or other mammalian strains) is
unresolved because the trees are unrooted.

The phylogenies described by Taubenberger
et al.1 contradict their main conclusions and
are presented without discussion of the evolu-
tionary relationships they imply. Instead, evo-
lutionary conclusions are improperly drawn
from a similarity between the 1918 and 
avian influenza viruses in the patterns of base-
pair substitution (that is, the synonymous/
non-synonymous and transition/transversion
ratios, and variation in fourfold-degenerate

sites) and without consideration of the relative
similarity of the 1918 flu in these traits to other
mammalian strains. These are inappropriate
characters from which to infer similarity by
descent, and the data from the DNA sequences
should not be discounted as they are superior
indicators of phylogenetic relatedness. 

Taubenberger et al.1 also claim that the
amino-acid sequences encoded by these RNA-
polymerase genes support the avian nature of
the 1918 virus. We reconstructed phylogenies
using their amino-acid sequences1 and found
that the 1918 virus falls within, and not basal
to, clades containing strains from other mam-
malian hosts (Fig. 1). Sequences from the
nucleoprotein gene of the influenza virus also
fail to provide evidence that the 1918 strain is
derived directly from an avian source5.

In support of their conclusions, Tauben-
berger et al.1 cite prior phylogenetic studies6

indicating that the 1918 flu may have been
derived from an avian source. However, those
results simply show that the 1918 flu is phylo-
genetically unresolved and genetically equi-
distant from the North American and Asian
clades of avian flu, which does not indicate
emergence from an avian source.

By stating that the high pathogenicity of the
1918 virus is related to its emergence as a
human-adapted avian influenza virus, the
authors raise the possibility that an emerging
avian strain could resemble the 1918 flu. This
alarming implication, which is based on mis-
interpretation of the phylogenetic data, is com-
pletely unjustified and could seriously distort
the public perception of disease risk, with
grave economic and social consequences.
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Figure 1 |Neighbour-
joining analysis of the
PB1 subunit of the
influenza virus A
polymerase hetero-
trimer and of the
peptide PB1–F2.
a, b, Amino-acid
alignments for 
a, PB1, and b, PB1-F2
(incomplete sequences
omitted), taken from
Supplementary
Figure 2a, b of
Taubenberger et al.1.
Data were analysed
using MEGA 3.1
software7; bootstrap
values represent 100
replications. Sample
names are given in
ref. 1. The 1918 and
avian viruses are
shown in red and blue
text, respectively. 
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