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Letter to the Editor
Experimental Infection of Turkeys with Pandemic (H1N1) 2009

Influenza Virus (A/H1N1/09v)�

Interspecies influenza virus transmission between turkeys
and pigs is well documented (8). Reverse zoonosis of pandemic
(H1N1) 2009 influenza virus (A/H1N1/09v) to pigs has been
reported to have occurred naturally (4, 5). As a consequence,
there is a potential for spread of A/H1N1/09v to turkeys, which
would pose a significant threat to the poultry industry; there-
fore, in this study, the susceptibility of turkeys to experimental
infection with A/H1N1/09v was investigated.

The study used a total of 45 3-week-old turkeys: each bird in
three groups of 10 was challenged with 0.1 ml of virus contain-
ing either 103.6, 104.4, or 106 50% egg infective doses of A/Cal-
ifornia/07/09v, administered equally between the intranasal
and intraocular routes. One day postinfection (dpi), four in-
contact birds were introduced to each group. All birds were
observed twice daily for clinical signs. Buccal and cloacal swabs
were collected daily up to 10 dpi for the detection of viral RNA
using a modified matrix gene real-time reverse transcription-
PCR (RRT-PCR). Total RNA, including a positive extraction
control that was prepared to yield a predetermined threshold
cycle value, was extracted as previously described (1). The
modified matrix gene RRT-PCR utilized the forward primer
and probe described originally by Spackman et al. (7); the
reverse primer consisted of an equimolar mixture of the orig-
inal reverse primer and a reverse primer modified to provide a
perfect sequence match with A/H1N1/09v, typified by A/Cali-
fornia/07/09v (GenBank accession no. FJ969537). The four
altered nucleotides in the modified reverse primer are under-
lined: 5�-TGCAAAGACACTTTCCAGTCTCTG-3�. RNA ex-
tracted from a titrated allantoic fluid preparation of A/Cali-
fornia/07/09v was used to construct a 10-fold dilution series;
this served to calibrate the threshold cycle values derived from
testing extracted clinical specimens by the RRT-PCR.

At 6 dpi, two birds from each group were selected randomly
and killed humanely for necropsy, tissues samples were col-
lected for RRT-PCR analysis and immunohistopathology. At
20 dpi, the experiment was concluded, buccal and cloacal
swabs were collected for RRT-PCR, and clotted blood was
examined for the detection of antibodies to A/H1N1/09v using
the hemagglutination inhibition test. All turkeys remained clin-
ically normal throughout the study. In totality, RRT-PCR anal-
ysis revealed only two buccal swabs to be weakly positive: both
were obtained at 2 dpi from turkeys infected with the highest
viral dose, and virus isolation was negative for both birds.
RRT-PCR and immunohistopathology of tissue samples col-
lected at 6 dpi were all negative. Hemagglutination inhibition
tests were negative for all birds.

The hemagglutinin (HA) gene was PCR amplified, se-
quenced, and compared to the sequence of the inoculum virus
for the two RRT-PCR-positive birds. The HA sequence for
the inoculum was identical to the published sequence of
egg-adapted A/California/07/09v (GenBank accession no.
FJ969540) containing a mixture of wild-type virus (225D/
226Q) and two mutants (225G/226R). Challenge of turkeys
resulted in the selection of the 225G/226Q variant, with no
other changes compared to the inoculum virus sequence. The
mutation Q226R has been previously observed in egg-adapted,

seasonal human H1N1 viruses; in that case, the 226R variant
grew well in eggs and cell culture but was suspected to be
strongly impaired in vivo (3). Data presented here support this
hypothesis since the 226R variant was absent from challenged
turkeys. The receptor binding specificity of the HA depends on
the virus host species: swine and human viruses preferentially
bind �2,6-linked sialyl receptors, whereas avian viruses bind
�2,3-linked receptors (2). An aspartic acid at codon 190 of
H1N1 human and swine influenza A viruses is essential for
their binding to �2,6-linked receptors, whereas glycine at
codon 225 allows them additionally to bind to �2,3-linked
receptors (2), possibly explaining why the virus variant with
225G was capable of limited replication in turkeys, although a
suboptimal human virus-like 190D variant prevented the es-
tablishment of efficient infection.

At the time of writing, an occurrence of A/H1N1/09v infec-
tion in turkeys was reported in Chile (6). Analysis of the HA
sequence of this isolate (GenBank: GQ866225) did not reveal
any alteration which may be expected to significantly affect
receptor binding. Therefore, it appears the Chilean turkeys
were infected with a virus containing “human”-like HA. The
significance of this is unclear; however, it does raise the ques-
tion as to why more disease occurrence in avian species has not
occurred if the currently circulating A/H1N1/09v strains are
able to infect this species. Host range and tropism are poly-
genic traits; therefore, further investigation of the Chilean
isolate is required.

Here, we have shown the failure of A/H1N1/09v to initiate
clinical infection and establish efficient virus replication and trans-
mission; however, viral RNA was transiently detected in two tur-
keys. As the H1N1 pandemic progresses, variants with better
ability to infect avian species may be generated; therefore, further
investigations into A/H1N1/2009v host genetic adaptations nec-
essary to support avian infection, potential for reassortment with
avian influenza strains, and transmission are required.
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