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ABSTRACT.	 Widespread outbreaks of highly pathogenic avian influenza (HPAI) caused by H5N1 viruses occurred in wild birds in Japan 
from 2010–2011. Forty out of 63 deceased wild birds belonged to the order Anseriformes, and mandarin duck was one of the dominant 
species. To estimate the risk of mandarin ducks as a source of virus infection in the environment, we examined the pathogenicity of a 
causal H5N1 HPAI virus to mandarin ducks. About half of the mandarin ducks died by inoculation with 107.0TCID50 of A/mandarin duck/
Miyazaki/22M807-1/2011 (H5N1). Viruses were mainly recovered from the trachea of the ducks sacrificed at three days post inoculation 
(d.p.i.). Viruses were recovered from the laryngopharyngeal swabs of the observation group until 5 d.p.i. In ducks that died at the late 
phase of infection, viruses were detected in the systemic organs, such as lung, kidney and colon. Together, these results showed that the 
H5N1 HPAI viruses, which belonged to clade 2.3.2.1 and are mainly circulating in East Asia, were lethal to mandarin ducks, indicating that 
mandarin ducks have the potential to disseminate the virus to other bird species. Therefore, wild birds should be kept out of poultry farms 
to prevent HPAI outbreaks in the future.
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Until now, H5N1 highly pathogenic avian influenza vi-
ruses (HPAIVs) have spread to domestic poultry and wildlife 
in 63 countries in Asian, Europe, Middle East and Africa 
since late 1996 when the virus, recognized as the precursor 
of present circulating viruses, was isolated from a goose in 
Guangdong province, China [20, 21]. These incidents have 
increased the possibility of further spread of HPAIVs to hu-
mans and rare species of animals.
In Japan, the outbreaks caused by H5N1 HPAIVs oc-

curred in chicken farms in 2003–2004 [9] and 2007. These 
appear to be the first HPAI outbreaks since 1925 [15]. In ad-
dition, H5N1 HPAIVs were isolated from wild birds, such as 
jungle crow (Corvus macrorhynchos), mountain hawk-eagle 
(Nisaetus nipalense) and whooper swan (Cygnus cygnus) 
in 2004, 2007 and 2008, respectively [13, 16, 17]. These 
outbreaks were controlled by depopulation of chickens in 
the relevant farms, intensive surveillance and improved bi-
osecurity measures. Since then, continuous surveillance has 
confirmed that poultry and wild birds in Japan have been free 
of HPAIV infection.

However, many outbreaks occurred in Japan during the  
2010–11 winter; H5N1 HPAIVs were isolated from 63 wild 
birds including migrating and resident birds, and caused 
HPAI outbreaks in 24 chicken farms by the end of March 
[12, 18]. Around the same time, the HPAI outbreaks oc-
curred in both domestic and wild bird populations in South 
Korea [7]. Just before these outbreaks, H5N1 HPAIVs 
were isolated from fecal samples of migrating ducks in the 
northernmost part of Japan in autumn of 2010 [4], and also 
from the healthy mallard ducks captured in South Korea in 
2010 [6]. These reports support the assumption that migra-
tory waterfowl flying from their nesting lakes in Siberia, a 
natural reservoir of influenza A viruses, could play a role 
in dissemination of H5N1 HPAIVs to domestic poultry and 
resident bird species.
In the 2010–11 outbreaks in Japan, 17 wild bird species 

were confirmed to be infected with H5N1 HPAIV [10, 12]. 
Forty out of 63 deceased wild birds belonged to the order 
Anseriformes. Of these 40 birds, 12 were tufted ducks 
(Aythya fuligula) and 11 were mandarin ducks (Aix galeri-
culata). Mandarin duck was also dominant among the wild 
birds with HPAIV in the outbreaks in Korea [7].

Mandarin ducks are indigenous to East Asian countries, 
and are recognized as sedentary birds in Japan [3]. Unlike 
other Anseriformes, they breed in densely wooded areas, 
near shallow lakes, marshes or ponds. The diet of mandarin 
ducks changes seasonally. In autumn and winter, they mainly 
eat acorns and grains. In the breeding season, they eat mostly 
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insects, snails, fish and aquatic plants. This seasonal change 
of life style increased the opportunity to share territory with 
migrating and raptorial birds and to get close to poultry 
farms. In fact, flocks of mandarin ducks were frequently 
observed around chicken farms located in mountain area 
[10]. In one case, a mandarin duck that died of H5N1 HPAIV 
infection was found near a chicken farm in which an HPAI 
outbreak occurred only two days before.
To clarify the transmission route of H5N1 HPAIV among 

domestic and wild bird species, the pathogenicity of vi-
ruses for mandarin ducks needs to be examined. Kwon et 
al. reported the pathobiology of A/chicken/Korea/IS/2006 
(H5N1), whose hemagglutinin (HA) gene was classified into 
clade 2.2, in mandarin ducks [8]. However, pathogenicity 
of the current circulating H5N1 HPAIVs belonged to Clade 
2.3.2.1 worldwide is still unknown. In the present study, 
mandarin ducks were inoculated with A/mandarin duck/
Miyazaki/22M807-1/2011 (H5N1) [12] isolated during 
the 2010–11 outbreaks in Japan, and its pathogenicity was 
evaluated.

MATERIALS AND METHODS

Virus: A/mandarin duck/Miyazaki/22M807-1/2011 
(H5N1) (M807) was isolated from the mixture of tracheal 
and cloacal swabs of the mandarin duck died in Miyazaki 
city located in Kyusyu region of Japan [12]. Accession 
numbers of the gene sequences of M807 are AB677872-
AB677879. Viruses were propagated in ten-day-old embryo-
nated chicken eggs for 48 hr at 35oC.

Animals: Eleven 3- to 7-year-old mandarin ducks (4 male 
birds and 7 female birds) were kindly provided by Inokashi-
ra Park Zoo (Tokyo, Japan) in agreement with the Japanese 

Ministry of the Environment. The animals were shipped by 
air to Tottori University, confirmed influenza virus-negative 
by antigen detection kit, ESPLINE INFLUENZA A & B-N 
(Fujirebio Inc., Tokyo, Japan) and then used for experiments.

Experimental infection: The 11 ducks were intranasally 
inoculated with 200 μl of allantoic fluid containing M807 
at 107.0 50% tissue culture infectious dose (TCID50), and di-
vided into three groups (Fig. 1). The ducks in Group 1 (n=3; 
#01–#03) and Group 2 (n=4; #04–#07) were observed for 
signs of disease at 24-hr intervals for 14 days. The Group 
2 ducks were also checked for viral shedding in laryngo-
pharyngeal and cloacal swabs at several times. The swabs 
were collected in 2 ml of nutrient broth medium (Nissui 
Pharmaceutical, Tokyo, Japan) with 10 mg streptomycin 
(Meiji Seika Pharma, Tokyo, Japan) and 10,000 units of 
penicillin G (Meiji Seika Pharma). At the end of the 14-day 
period, the ducks in Groups 1 and 2 were also checked for 
specific antibodies in the serum against homologous virus by 
hemagglutinin inhibition (HI) test [5]. The ducks in Group 3 
(n=4; #08–#11) were used for tissue samples at 3 days post 
inoculation (d.p.i.). After blood collection, the birds were 
euthanized and dissected. Brain, trachea, lung, kidney and 
colon were aseptically collected and homogenized to make 
10% (w/v) suspensions in nutrient broth medium with anti-
biotics. Infectious viral titers in the collected samples were 
determined in Madin-Derby Canine Kidney (MDCK) cells 
by the method of Reed and Muench [11].
All animal experiments were carried out in self-contained 

isolator units (CLEA Japan, Tokyo, Japan) at a biosafety 
level 3 facility at Avian Zoonosis Research Center, Tottori 
University, Japan. The experiments were performed accord-
ing to the guidelines of the institutional animal care and use 
committee of Tottori University (approved number: 11-T-98).

Fig.1.	 Experimental design of H5N1 HPAIV inoculation to mandarin ducks. All mandarin ducks were intrana-
sally inoculated with 107.0 TCID50 of A/mandarin duck/Miyazaki/22M807-1/2011 (H5N1). Three birds (Group 
1) were observed for clinical signs for 14 days. Laryngopharyngeal and cloacal swabs of 4 other birds (Group 
2) were sampled at 1, 2, 3, 5, 7, 10 and 14 days post inoculation. In Groups 1 and 2, specific antibodies against 
homologous virus after 14 days of infection were detected in serum by HI test. The other 4 ducks (Group 3) 
were euthanized at three days post inoculation, and their tissues were collected.
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RESULTS

Serological tests of the provided mandarin ducks: All but 
one of the ducks (#05, 2HI) were free of antibodies to H5 HA 
antigen (Table 1). To examine the pathogenicity of the H5N1 
HPAI virus for mandarin ducks having low titer of antibody 
against H5 HA, #05 was also used for the subsequent studies.

Intranasal pathogenicity of M807 strain in mandarin 
ducks: One out of three ducks in Group 1 died at 11 d.p.i., 
although clinical signs were not observed until day 10 (Table 
1). The other 2 ducks survived for 14 days without show-
ing any clinical signs, and one of them seroconverted. In 
Group 2, one bird died at 7 d.p.i., and another died at 8 d.p.i. 
Notably, #06 presented with apparent symptoms, such as 
decreased appetite, gait disorder, dysstasia and depression at 
7 d.p.i. The others showed temporary and mild clinical signs 
at 11 d.p.i. and survived for 14 days. Antibodies against the 
homologous virus were detected in the sera of both surviving 
ducks at 14 d.p.i. The birds in Group 3 did not show any 
signs of disease during the experimental period.

Virus shedding: The virus titers in the laryngopharyngeal 
and cloacal swabs of the birds in Group 2 were determined 
at the days shown in Fig. 1. Viruses were recovered from 
the laryngopharyngeal swabs of all birds at 1 d.p.i., and the 
duration of viral shedding was 2 to 5 days (Fig. 2A). Virus 
was recovered from the cloacal swabs from only two birds 
(#04 and #07), and their titers were relatively low (Fig. 2B). 
For bird #06, which died at 8 d.p.i., the virus titer in the 
laryngopharyngeal swab was high at 5 d.p.i. when the symp-
toms began (Table 1). For #04, viruses were recovered from 
the cloacal swabs (but not the laryngopharyngeal swabs) at 5 
d.p.i. and at 7 d.p.i., the day it died.

Viral replication in mandarin ducks: In Group 3, viruses 
were recovered mainly from the trachea, and also from the 
other tissues, except for the brain and the lung (Fig. 3). By 
contrast, viruses were detected in the lung samples of two 
birds, #06 and #01, which died at the late phase of infec-
tion, while no virus was isolated from the trachea of the dead 
birds in Groups 1 and 2.

DISCUSSION

In the present study, it was evaluated that pathogenicity of 
H5N1 HPAIV for mandarin ducks, suspected to be potential 
source of infection. The death rate in Groups 1 and 2 was 
50% and 33%, respectively (Table 1). In other words, A/
mandarin duck/Miyazaki/22M807-1/2011 (H5N1) showed 
moderate pathogenicity to mandarin ducks as compared with 
other bird species; the virus, isolated in 2010–11 outbreaks 
in Japan, was not lethal to domestic ducks, while it showed 
100% mortality to chickens [4, 18]. Three of the ducks that 
survived the 14-day experimental period including #05, in 
which antibody against H5 HA of the challenged strain was 
detected, showed increased HI antibody titers, suggesting 
that mandarin ducks which experienced influenza virus in-
fection in the past could be reinfected with H5N1 HPAIVs. 
The pre- and post- serum HI titers of #05 against non-patho-
genic H5 virus, A/tundra swan/Shimane/3211A001/2011 
(H5N2), were 16HI and 8HI, respectively (data not shown). 
It was formerly reported that there were some differences in 
antigenicity of H5 HAs between HPAIV and non-pathogenic 
viruses [12, 14, 22]. Therefore, #05 was thought to be previ-
ously exposed to non-pathogenic H5 virus.
In Group 2, the virus was mainly recovered from the 

laryngopharyngeal swabs rather than by the cloacal swabs 
(Fig. 2). A similar result was reported in mandarin ducks 
infected with a virus in clade 2.2 [8]. The virus titers in la-
ryngopharyngeal swab samples were up to 103.5 TCID50/ml, 
suggesting that the transmission of the virus among manda-
rin duck flocks is unlikely to occur. Actually, no mass death 
of mandarin ducks was observed in the 2010–11 outbreaks 
in Japan [12]. On the other hand, it was previously reported 
that chicken lethal doses of the HPAIVs isolated in Japan 
in 2010–2011 were 103- 104.3 50% egg infectious doses /
ml [18], which were comparable to the amount of the virus 
detected in the laryngopharyngeal swabs of the mandarin 
ducks in the present study. Thus, mandarin ducks were sus-
pected to be a potential source of infection to chickens.
In Group 3, viruses were mostly recovered from the tra-

Table 1.	 Clinical signs and antibody responses of the mandarin ducks intranasally inoculated with 107.0TCID50 of A/mandarin 
duck/Miyazaki/22M807-1/2011 (H5N1)

 
ID

Clinical signs Serum HI titer
  0-2d 3d 4d 5d 6d 7d 8d 9d 10d 11d 12-14d Pre Post

Group 1
#01 - - - - - - - - - dead <2 NAa)

#02 - - - - - - - - - - - <2 16
#03 - - - - - - - - - - - <2 <2

Group 2

#04 - - - - - dead <2 NA
#05 - - - - - - - - - + - 2 16
#06 - - - + - ++ dead <2 NA
#07 - - - - - - - - - + - <2 16

Group 3

#08 - autopsy <2 NA
#09 - autopsy <2 NA
#10 - autopsy <2 NA
#11 - autopsy <2 NA

a) Not applicable.
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chea, corresponding to the virus shedding in laryngopharyn-
geal swab samples of the birds in Group 2 at the early stage 
of infection (Figs. 2 and 3). The viruses were also recovered 
from the kidney and the blood (Fig. 3), indicating that sys-
temic infection could occur in mandarin ducks. In this study, 
the birds did not show any neurological symptoms, and no 
virus was isolated from the brains. It was previously reported 
that histological lesions and viral antigen were observed in 
the brain of a mandarin duck that died of H5N1 HPAIV 
infection [8]. This discrepancy may be because the strains 
used in this study and the previous study had different tissue 
tropisms. In the ducks that died at the late phase of infection, 
viruses were recovered from the lung, kidney and colon (Fig. 
3). Therefore, dead mandarin ducks probably act as a source 
of infection to birds of prey and carnivores (e.g., Falconi-
formes [1, 12, 19] and raccoons [2]), which occasionally eat 
carrion.

Together, our results suggest that the recent H5N1 
HPAIVs circulating in East Asia are lethal to mandarin 
ducks. To prevent future HPAI outbreaks, attempts should be 
made to keep wild birds out of poultry farms. Furthermore, 
the number and species of wild birds around farms need to 
be continuously monitored to reduce the risk of viral trans-
mission to poultry populations.
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Fig. 2.	 Virus titers of laryngopharyngeal (A) and cloacal (B) swabs collected from the 
mandarin ducks in Group 2. Viral titers were calculated by the method of Reed and 
Muench [11] and are expressed as TCID50 per milliliter of the samples.
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