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We examined feathers of domestic ducks and geese
inoculated with 2 different avian influenza virus (H5N1)
genotypes. Together with virus isolation from the skin, the
detection of viral antigens and ultrastructural observation of
the virions in the feather epidermis raise the possibility of
feathers as sources of infection.

S

ince 1997, an epidemic of avian influenza (AI) virus
subtype H5N1 has spread in Asia, causing fatal infections in poultry, wild birds, mammals, and humans (1). Wild
waterfowl, including ducks and geese, are natural hosts of
AI virus of all 16 hemagglutinin subtypes in nature (2,3).
Generally, AI virus is transmitted by the fecal-oral route
without causing clinical signs (2–4). Although current AI
virus (H5N1) strains have mild to severe pathogenicity in
waterfowl (5–7), these birds can still be carriers of the virus
(7). Even asymptomatic domestic ducks can shed the virus
from the cloaca and oral cavity (7,8) and contribute to viral
maintenance and spread (9,10). Therefore, focusing on the
epidemiologic role of domestic waterfowl in AI (H5N1)
outbreaks is important.
We previously reported that the Japanese AI virus
(H5N1) isolated in 2004 causes necrosis of the feather epidermis with viral antigens in domestic ducks, a finding that
demonstrates the possibility of viral release from feathers
(11). In addition, these affected feathers can cause infection
in orally inoculated domestic ducks (12). Except for our
previous studies, to our knowledge this feather lesion has
not been reported in AI (H5N1)–infected waterfowl. However, if the feather lesion is common to other waterfowl
species and AI (H5N1), affected feathers might involve the
spread of the virus. We describe the pathologic, virologic
and ultrastructual findings of the feather in domestic waterfowl infected with AI (H5N1).
The Study
Two species of domestic waterfowl, ducks (n = 4)
and geese (n = 4), were used. Domestic ducks (Anas platy*National Institute of Animal Health, Tsukuba, Ibaraki, Japan

rhynchos var. domestica) called Aigamo in Japanese are a
crossbreed of wild mallard and domestic ducks; they are
free-ranging ducks in water-soaked rice paddy fields and
are used for weed control and meat production. Domestic
geese (Anser cygnoides var. domestica) are reared for food
production on farms. We selected geese because wild geese
(A. indicus) accounted for a large proportion of the deaths
in AI (H5N1) outbreaks at Qinghai Lake in People’s Republic of China in 2005 (5). These 2 species of birds were
obtained from the farm at 1 day of age and raised with commercial food in an isolated facility. Birds were moved into
negative-pressure isolators of Biosafety Level 3–approved
laboratories (National Institute of Animal Health, Tsukuba,
Japan) for acclimation 1 week before inoculation.
Two different AI virus (H5N1) genotypes were used.
A/chicken/Yamaguchi/7/2004 (Ck/Yama/7/04) is classified
as genotype V (13). A/chicken/Miyazaki/K11/2007 (Ck/
Miya/K11/07) belongs to genotype Z and H5 clade 2 subclade 2 (M. Mase, unpub. data), which is now circulating
from China to Japan, Europe, and Africa (5,14). The stored
virus was propagated for 36–48 hours in the allantoic cavity of 10-day-old embryonated chicken eggs at 37°C. The
infectious allantoic fluid was harvested and stored at –80°C
until use. All experimental procedures were approved by
the Ethics Committee of the National Institute of Animal
Health in Japan.
For each species, two 4-week-old birds were inoculated intranasally with 0.1 mL of the inoculum containing
108 50% egg infectious dose (EID50) per mL of each AI
virus (H5N1) genotype. Each inoculated group was kept in
a separate isolator. Inoculated birds were euthanized with
an overdose injection of sodium pentobarbital (i.v.) on days
3 and 5 postinoculation.
For histopathology, the skin, including numerous
feathers, was removed from the head, neck, back, shoulder,
abdomen, thigh, and tail. Samples were fixed in 10% neutral-buffered formalin, embedded in paraffin, sectioned at 4
μm, and stained with hematoxylin and eosin. Immunohistochemistry was performed to detect the viral antigen with
a Histofine Simple Stain PO (M) kit (Nichirei Inc., Tokyo,
Japan). A mouse monoclonal antibody specific for the influenza A matrix protein (diluted 1:500; clone GA2B, AbD
Serotec, Kidlington, UK) was used as the primary antibody
(11). For the virus isolation, clean dry skin was collected
from the neck and stored at –80°C (11). The viral titer of
the samples was determined with 10-day-old embryonated
chicken eggs and expressed as EID50/g as previously described (13). The viral titer <102 EID50/g was considered
negative for virus isolation. For the electron microscopic
examination, flesh contour feathers were fixed in 3% glutaraldehyde in 0.1 M phosphate buffer, postfixed in 1%
osmium tetroxide, and embedded in epoxy resin. Ultrathin
sections were stained with uranyl acetate and lead citrate
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DISPATCHES

Table. Histopathology of feathers and virus isolation from the skin in domestic ducks and geese inoculated with 2 different avian
influenza virus (H5N1) genotypes*
A/chicken/Yamaguchi/7/2004
A/chicken/Miyazaki/K11/2007
PID
Duck
Goose
Duck
Goose
3
+/+† (3.5)‡
–/– (–)
+/+ (4.5)
+/+ (4.4)
5
+/+ (–)
+/+ (4.5)
–/+ (3.8)
+/+ (2.5)
*PID, postinoculation day.
†Epidermal necrosis of feathers/detected viral antigens; +, positive; –, negative.
‡Viral titer of the skin expressed as log10 50% egg infectious dose (EID50)/g; –, negative (<102 EID50/g).

and examined under a Hitachi H-7500 transmission electron microscope (Hitachi Corp., Tokyo, Japan).
Inoculated birds did not exhibit apparent clinical signs,
except for unilateral corneal opacity in a goose inoculated
with Ck/Yama/7/04 on day 5 postinoculation. Results of
histopathologic and virologic examinations are summarized in the Table. Histologically, viral antigens were occasionally detected in the feather epidermal cells with or
without epidermal necrosis (Figure 1, panels A and B).
Some affected feathers were accompanied by heterophilic
and lymphocytic infiltration in the inner feather pulp. Other
tissues in the skin were negative for influenza virus by immunohistochemical analysis with the exception of very rare
positive reaction in stromal cells in the feather pulp. Virus
isolation from the skin was positive in 1 duck and 1 goose
inoculated with Ck/Yama/7/04; the viral titers were 103.5
and 104.5 EID50/g, respectively. All ducks and geese inoculated with Ck/Miya/K11/07 tested positive for the isolation;
the viral titers were 102.5–104.5 EID50/g. Ultrastructurally,
round, enveloped virions 80 to 100 nm in diameter were
observed between feather epidermal cells in both domestic
ducks and geese (Figure 2, panels A and B). Spherical virions budding from cell surface were occasionally observed
(Figure 2, panel C).
Conclusions
We found that 2 different AI virus (H5N1) genotypes
that were isolated in 2004 and 2007 can replicate in the
feather epidermal cells of domestic ducks and geese. To
our knowledge, this is the first report of in vivo ultrastructural observation of AI (H5N1) replication in waterfowl.
The important finding is that the histologic feather
finding and virus isolation from the skin were found in inoculated birds that did not exhibit apparent clinical signs.
Although 1 goose inoculated with Ck/Yama/7/04 was negative for all examinations, this might have resulted from
individual differences in susceptibility or the limited area
of the skin used for the examination. Nevertheless, our data
indicate that recent AI (H5N1) strains are likely to replicate
in feather epidermal cells of domestic ducks and geese. All
birds inoculated with Ck/Miya/K11/07, which belongs to
the current lineage spreading to Europe and Africa, tested
positive for virus isolation, compared with the results with
Ck/Yama/7/04. Feathers can easily drop off, blow away,
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or be reduced to dust, suggesting that affected feathers of
waterfowl infected with influenza (H5N1) virus can be potential sources of infection, along with their feces and respiratory secretions (7,8). At this time, it is unclear to what
extent affected feathers contribute to the epidemiology of
AI (H5N1) field outbreaks. However, more attention needs
to be paid to persons who handle domestic waterfowl possibly infected with AI virus (H5N1).

Figure 1. Pathologic changes in a goose infected with A/chicken/
Miyazaki/K11/2007. A) Outer epidermal necrosis of the feather
with inflammation in the inner feather pulp. Hematoxylin and eosin
stain. Bar = 120 μm. B) Influenza viral antigens detected in feather
epidermal cells. Immunohistochemistry. Bar = 120 μm.
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Figure 2. Pathology of a duck infected with A/chicken/Yamaguchi/7/2004. A) Electron microscopy of the feather epidermis showing virions
observed between epidermal cells with the desmosome (d) and nucleus (n). Bar = 500 nm. B) Spherical virion with envelope spikes.
Bar = 100 nm. C) Budding process of virion (arrowhead). Bar = 250 nm.

Acknowledgments
We are grateful to Masaru Kobayashi and Megumi Shimada
for their technical assistance.
This study was supported by a grant-in-aid for scientific research from the Zoonoses Control Project of the Ministry of Agriculture, Forestry and Fisheries of Japan.
Dr Yamamoto is a veterinary pathologist at the National Institute of Animal Health in Japan. His research interests are the
pathogenesis and diagnosis of animal diseases.
References
1.
2.
3.
4.
5.
6.

7.

Webster RG, Peiris M, Chen H, Guan Y. H5N1 outbreaks and enzootic influenza. Emerg Infect Dis. 2006;12:3–8.
Olsen B, Munster VJ, Wallensten A, Waldenstrom J, Osterhaus AD,
Fouchier RA. Global patterns of influenza A virus in wild birds. Science. 2006;312:384–8.
Webster RG, Bean WJ, Gorman OT, Chambers TM, Kawaoka
Y. Evolution and ecology of influenza A viruses. Microbiol Rev.
1992;56:152–79.
Webster RG, Yakhno M, Hinshaw VS, Bean WJ, Murti KG. Intestinal Influenza: replication and characterization of influenza viruses in
ducks. Virology. 1978;84:268–78.
Chen H, Smith GJD, Zhang SY, Qin K, Wang J, Li KS, et al.
Avian flu: H5N1 virus outbreak in migratory waterfowl. Nature.
2005;436:191–2.
Ellis TM, Bousfield RB, Bissett LA, Dyrting KC, Luk GSM, Tsim
ST, et al. Investigation of outbreaks of highly pathogenic H5N1 avian influenza in waterfowl and wild birds in Hong Kong in late 2002.
Avian Pathol. 2004;33:492–505.
Sturm-Ramirez KM, Hulse-post DJ, Govorkova EA, Humbred J,
Seiler P, Puthavathana P, et al. Are ducks contributing to the endemicity of highly pathogenic H5N1 influenza virus in Asia? J Virol.
2005;79:11269–79.

8.

Hulse-post DJ, Sturm-Ramirez KM, Humbred J, Seiler P, Govorkova
EA, Krauss S, et al. Role of domestic ducks in the propagation and
biological evolution of highly pathogenic H5N1 influenza virus in
Asia. Proc Natl Acad Sci U S A. 2005;102:10682–7.
9. Gilbert M, Chaitaweesub P, Parakamawongsa T, Premashthira S,
Tiensin T, Kalpravidh W, et al. Free-grazing ducks and highly pathogenic avian influenza, Thailand. Emerg Infect Dis. 2006;12:227–
34.
10. Martin V, Sims L, Lubroth J, Pfeiffer D, Slingenbergh J, Domenech
J. Epidemiology and ecology of highly pathogenic avian influenza
with particular emphasis on South East Asia. Dev Biol (Basel).
2006;124:23–36.
11. Yamamoto Y, Nakamura K, Kitagawa K, Ikenaga N, Yamada M,
Mase M, et al. Severe non-purulent encephalitis with mortality and
feather lesions in call ducks (Anas platyrhyncha var. domestica)
inoculated intravenously with H5N1 highly pathogenic avian influenza virus. Avian Dis. 2007;51:52–7.
12. Yamamoto Y, Nakamura K, Kitagawa K, Ikenaga N, Yamada M,
Mase M, et al. The pathogenesis in call ducks inoculated intranasally
with H5N1 highly pathogenic avian influenza virus and transmission
by oral inoculation of infective feathers from an infected call duck.
Avian Dis. 2007;51:744–9.
13. Mase M, Tsukamoto K, Imada T, Imai K, Tanimura N, Nakamura K, et al. Characterization of H5N1 influenza A viruses isolated during the 2003–2004 influenza outbreaks in Japan. Virology.
2005;332:167–76.
14. Bragstad K, Jørgensen PH, Handberg K, Hammer AS, Kabell S,
Fomsgaard A. First introduction of highly pathogenic H5N1 avian
influenza A viruses in wild and domestic birds in Denmark, Northern
Europe. Virol J. 2007;4:43.
Address for correspondence: Yu Yamamoto, National Institute of Animal
Health, 3-1-5 Kannondai, Tsukuba, Ibaraki, 305-0856 Japan; email: yyu@
affrc.go.jp
All material published in Emerging Infectious Diseases is in the
public domain and may be used and reprinted without special
permission; proper citation, however, is required.

Search past issues of EID at www.cdc.gov/eid
Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 14, No. 1, January 2008

151

