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Background 
Despite considerable environmental changes over the last 160 

years,1,2 Japan is an important transit country for a wide range of 
migratory avian species. It is situated on the East Asian Flyway, a 
principal migratory route connecting Northeast Asia with Southeast 
Asia. Major branches pass through the Nansei-Shoto Islands, Kyushu, 
Honshu, and Hokkaido into northeast Russia, and via Kyushu and the 
Korean Peninsula into eastern China.3 So far, Japan has escaped the 
outbreaks of infectious disease that have significantly impacted bird 
populations in other parts of the world.1,2,4 During these outbreaks, 
tens of thousands of birds become sick leading to death in extreme 
cases.5 In addition to the changing avian fauna and ecosystems in 
Japan, a large number of captive birds are kept in over 150 zoological 
gardens and/or aquariums throughout the country (http://www.jaza.
jp/z_map/z_seek00.html). It is therefore likely that these captive birds 
would also be affected if a disease outbreak occurs.

Although there are numerous infectious diseases that affect both 
free-ranging and captive avian species, this review contains a brief 
overview of the situation regarding avian influenza (AI) in Japan, 
as well as suggestions for the implementation of countermeasures 
for the prevention and management of potential AI outbreaks. First 
described in the late 19th century, AI is a highly contagious viral 
disease affecting birds, especially poultry, worldwide. AI viruses are 
generally isolated from wild birds, particularly migratory waterfowl 
belonging to the orders Anseriformes and Charadriiformes, which 
are considered natural reservoirs of the viruses.5 However, since 
2004, highly pathogenic (HP) AI has been classified as a typical 
and re-emerging infectious disease of avian species by the Japanese 
government and the science community responsible for animal 
health.1-4 Therefore, the current review provides an overview of recent 
changes in AI and its causative agents in both free-ranging and captive 
avian species worldwide, including Japan, and provides potential 
strategies to manage epidemic risk in facilities with captive birds or 
zoological collections.

General characteristics of AI and its causative agents

AI is caused by influenza type A viruses, consisting of negative-
sense, single-stranded RNA viruses belonging to the family 
Orthomyxoviridae. Influenza A virus genomes contain eight segments 
encoding 11 proteins. Segments one to six encode PB2, PB1, PB1-F2, 
PA, hemagglutinin (HA), nucleoprotein NP, and neuraminidase (NA) 
in decreasing order in size. The seventh and eighth segments encode 
M1, M2, NS1, and NS2. The viruses are further categorized into 
various subtypes based on the combination of HA (H1–H16) and NA 
(N1–N9) antigens. Various influenza A virus subtypes occur in wild 
birds, especially aquatic species, and may also infect mammals such 
as humans and pigs.1,3,6

AI viruses are globally distributed and are probably prevalent in 
area with higher host population.3 AI or its causative viruses have been 
reported in over 100 free-ranging bird species belonging to 13 avian 
orders.3,6 Among these, birds belonging to the orders Anseriformes, 
including dabbling ducks, diving ducks, geese, and swans, and the 
order Charadriiformes, including gulls, terns, and shorebirds, serve as 
vital viral reservoirs.6 However, most reports of AI have been in birds 
from the family Anatidae (Anseriformes), with AI viruses having been 
isolated from over 30 duck and goose species worldwide.6

The pathogenicity of AI viruses varies significantly according to 
the subtype. The pathogenicity depends on several factors which are 
as follows: i) The outcome of intravenous pathogenic index assays in 
chickens, ii) The amino acid sequence at the hemagglutinin cleavage 
site, or iii) The ability of the virus to cause cytopathic effects in cell 
culture in the absence of trypsin. To date, highly pathogenic strains 
have been restricted to the H5 and H7 subtypes, although most H5 
and H7 viruses display low pathogenic properties. Cleavage of the 
hemagglutinin protein is of paramount importance in determining 
virulence, but the combination of genes, including the nucleoprotein 
and polymerase genes cannot be denied. The HPAI viruses 
contain alterations in their cleavage sites that allow the precursor 
hemagglutinin to be processed by a variety of ubiquitous intracellular 
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Abstract

Japan is situated along the East Asian Flyway, which is an important migratory route. 
Outbreaks of infectious disease could impact bird populations along this route, and is 
expected to have a negative influence on captive bird populations. Here, we provide 
a brief overview of the situation regarding avian influenza (AI) in both free-ranging 
and captive avian species in Japan. We also suggest suitable countermeasures for the 
prevention and management of AI outbreaks in zoological gardens and aquariums, with 
special reference to the control of free-ranging duck populations and/or individuals 
and the nationwide surveillance of AI viruses. Furthermore, we have disclosed the 
prominence of vaccination program for zoological collections in Japan. 
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proteases found in many body tissues, resulting in the potential for 
systemic, multi-organ infections.7–9

Recent outbreaks of HPAI

Since 2017, outbreaks of HPAI in poultry have occurred in 19 
countries in Asia, two countries in North America, 28 countries in 
Europe, seven countries in Africa, and in Russia and Serbia (Table 
1).10 As a result of several HPAI outbreaks in Japan since 2004, the 
Ministry of Agriculture, Forestry, and Fisheries (MAFF) carried 
out an annual review of all outbreaks (Table 2). The most common 
pathogenic HPAI virus subtypes are H5N1, H5N6, and H7N7. 
However, there are slight differences in the predominant subtypes for 
each continent. For example, subtype H5N1 is frequently found in 
Asian countries, while subtype H5N8 is more common in Europe. 
In comparison, H5N1 and H5N8 are the predominant subtypes in 
most African countries. Differences in the frequency of the various 
subtypes among countries and/or continents appear to be associated 
with proximity to the different migratory bird flyways. The major 
migratory routes include the East Asian/Australasian, the Central 
Asian, and the Black Sea/Mediterranean flyways.11,12 Because all three 
flyways share common northern destinations, for the probability of AI 
viruses to spread from locations in Siberia and Alaska to other parts of 
the world, including Japan is higher.13

Table 1 Subtypes responsible for recent outbreaks of the HPAI in the world 
since 2017

Country Subtype of HPAI

Asia Japan H5N6

Korea H5N6 H5N8

China H5N1 H5N6 H5N8 H7N9

Taiwan H5N2 H5N6 H5N8

Hong Kong H5N6

Malaysia H5N1

Vietnam H5N1 H5N6

Laos H5N1

Philippines H5N6

Cambodia H5N1 H5N6

Myanmar H5* H5N1

Nepal H5N1 H5N8

Indonesia H5N1

India H5N1 H5N8

Bangladesh H5* H5N1

Iran H5N1 H5N8

Bhutan H5N1

Iraq H5N8

Israel H5N8
North 
America America H5*

Mexico H7N3

Europe Italy H5N8

Country Subtype of HPAI

Netherland H5N5 H5N6
United 
Kingdom H5N8

Portugal H5N8

Spain H5N8

Bulgaria H5* H5N8

Sweden H5N6

Poland H5N5

Croatia H5N5
Czech 
republic H5N5 H5N8

Ireland H5N6

Macedonia H5* H5N8

Belgium H5N8

Germany H5N5 H5N6 H5N8

Denmark H5N6

Montenegro H5N5

Switzerland H5N8

Finland H5* H5N6 H5N8

Ukraine H5N8

Serbia H5N5

Greece H5N5 H5N6

Luxembourg H5N8

Cyprus H5N8
Bosnia 
and Her 
Chegovina

H5N8

Slovakia H5N8

Lithuania H5N8

Slovenia H5N5 H5N8

Africa South Africa H5N8

Niger H5N8

Cameroon H5N8

Togo H5N1

Uganda H5N8

Congo H5*

Zimbabwe H5N8

Russia 
and NIS 
countries

Russia H5*

H5N2 H5N8

 Kazakhstan H5N8    

*: Subtype of the AI viruses is unknown.

HPAI infections, most of which were caused subtype H5N8 
viruses, were recorded in 33 zoological gardens across 15 countries 
in Europe and Asia between October 2016 and March 2017.14 In 

Table Continued
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Asia, most of these infections occurred in local water fowl species 
in India, including rosy pelican (Pelecanus onocrotalus), bar-
headed goose (Anser indicus), greylag goose (Anser anser), and 
painted stork (Mycteria leucocephala), housed at Gwailor Zoo, the 
National Zoological Park, Tata Zoo, Mysore Zoo, and Nandankanann 
Zoological Park.15 In Europe, however, the HPAI infections occurred 
in various bird species from zoological collections in several 
different countries, including emu (Dromaius novaehollandiae) at 
Ueckermünde Zoo in Germany, swans at Liberec Zoo in the Czech 
Republic, and a Dalmatian pelican (Pelecanus crispus) at Schönbrunn 
Zoo in Austria. Within the zoological collections, the HPAI outbreaks 
were not restricted to avian species, with tigers (Panthera tigiris), 
leopards (Panthera pardus), and lions (Panthera leo) also affected in 
Thailand and China. The feeding of infected chickens to these large 
carnivores was the reason for the onset of the disease.16–19 On both 
continents, the possibility of infection being contracted from wild 
birds was considered likely.

Several fatal or severe cases of HPAI infection (subtypes H5N1 or 
H5N6) have been recorded in Japanese zoological collections between 
2010 and 2016. These included a mute swan (Cygnus olor) at Takaoka 
Kojo Park in Toyama, three black swans (C. atratus) and three snowy 
owls (Bubo scandiacus) at Omoriyama Zoo in Akita Prefecture, 
and three black swans, four cackling geese (Branta hutchinsii), two 
mallard ducks (Anas platyrhynchos), and a Eurasian wigeon (Anas 
penelope) at Higashiyama Zoo in Aichi Prefecture.20–25

In comparison, there have been very few reported cases of HPAI 
infection in free-ranging birds in Japan, with only three whooper 
swans (Cygnus cygnus) affected between 2007 and 2009.2 However, 
after the introduction of a nationwide surveillance program for 
detection of AI virus in birds, a total of 60 individuals belonging to 
15 wild birds species, including both migratory and resident species, 
were found to have contracted HPAI virus infections between 2010 
and 2011 (Table 2).4

Table2 Recent outbreaks of the HPAI in Japanese birds between 2005 and 2018

 2005-
2006

2006-
2007

2007-
2008

2008-
2009

2009-
2010

2010-
2011

2011-
2012

2012-
2013

2013-
2014

2014-
2015

2015-
2016

2016-
2017

2017-2018

Poulty 41(9*) 4 0 7 0 24 23 0 0 5 0 12 1

Free-
ranging 0 0 3 0 0 60 0 0 0 13** 0 200 46

TOTAL 41(9*) 4 3 7 0 84 23 0 0 18 0 212 47

*: Number of antibody-positive cases.

**: Number of positive cases partly derived from the materials of feces and environmental samples (eg., water, soil etc).

Nationwide surveillance of AI viruses in Japan

Because of the role of free-ranging birds in AI virus epidemics 
in Japan, a nationwide surveillance program to detect the viruses in 
fecal or blood samples from wild birds was introduced by the Ministry 
of Environment in 2008.38 According to the survey results, including 
unpublished data, the general AI virus prevalence ranged from 1.4%–
2.2% in the 10-year period between 2008 and 2018. The highest 
prevalence rates were recorded between October and December each 
year, just after the autumn migration. Onuma et al.,3 showed that three 
routes were likely responsible for the introduction of the AI viruses to 
Japan, with the direct crossing of the Sea of Japan and entry through 
the Korean Peninsula identified as the two main routes. In addition, 
the study showed that the so-called mallards-eastern spot-billed duck 
group (Anas platyrhynchos and/or Anas zonorhyncha) and Northern 
pintails (Anas acuta) were the species most likely to have carried the 
AI viruses into Japan.

However, as mentioned above, the viruses have also been isolated 
from species belonging to the order Charadriiformes.5 Thus, an 
investigation into the prevalence of AI viruses in Charadriiformes 
shorebirds from Hokkaido, the stopover site along the flyway, was 
performed.26 Blood samples were collected from 1749 individual 
birds; however, AI virus was only detected in one individual identified 
as a lesser sand plover (Charadrius mongolus), corresponding to an 
overall prevalence of 0.06%. Hence, shorebirds are unlikely to be 
vehicles of AI virus transmission in Japan.26

Countermeasures for management of AI virus 
infection in zoological collections in Japan

As per the Domestic Animal Infectious Disease Control Law of 
Japan, if an AI outbreak occurs in poultry such as chickens or ducks, 
the affected facilities come under the control of regional livestock 
hygiene service centers. In comparison, in the case of infections in other 
birds, including wild birds and those housed in zoological collections, 
the Technical Manual for Highly Pathogenic Avian Influenza in Wild 
Birds (translated title)8 is applied as a general countermeasure against 
infection. In addition, for zoos and aquariums, the Guidelines of 
Countermeasures for Highly Pathogenic Avian Influenza Infection 
for Captive Breeding Birds (translated title)27 should be referenced. 
The Guidelines suggest that each step of the countermeasures should 
be followed for the three outbreak situation levels. These levels are: 
level 1, outbreak has not yet occurred; level 2, poultry outbreak; 
level 3, outbreak in a zoological collection. Unfortunately, there is no 
clear guideline on whether to preserve by treatment or to euthanize 
birds from zoos and aquariums in the event of AI virus infection in 
birds included on the International Union for Conservation of Nature 
Red List of Threatened Species or mentioned in the Convention on 
International Trade in Endangered Species. Hence, clear guidelines 
should be published in the near future.

Furthermore, we recommend that the Japanese government should 
consider implementing an AI vaccination program for endangered 
avian species, such as that recommended by the World Organisation 
for Animal Health (OIE).28–33 According to the Manual of Diagnostic 
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Tests and Vaccines for Terrestrial Animals published by the OIE,9 
most North American and European zoos adopt the program using the 
water-in-oil adjuvanted H5N2 vaccine (Nobilis®) or H5N9 vaccine 
(Poulvac®). Captive birds were vaccinated twice via subcutaneous 
or intramuscular injection with a 3–6 week interval. In general, a 
“high” or “good” titer was obtained in >60% of vaccinated birds.34–39 
However, a similar vaccination program has been not permitted in 
Japan.40–57

Conclusion
In conclusion, there are several suitable countermeasures for the 

prevention and management of AI outbreaks in zoological gardens 
and aquariums in Japan. Based on the systematic and nationwide 
surveys conducted in Japan since 2008, the prevalence of AI virus 
appears to be highest during the autumn migration period. In addition, 
mallard ducks, eastern spot-billed ducks, and northern pintails play 
an important role in introducing AI virus into Japan. Hence, zoos 
and aquariums should attempt to prevent duck species, especially the 
three species mentioned above, from gaining access to their facilities 
during the autumn migration period. Further, depending on population 
numbers, a cull of these duck species may need to be carried out at 
affected facilities. Because there are also resident populations of 
mallard and eastern spot-billed ducks in Japan, it would be preferable 
to prevent these species from entering zoos and aquariums at any 
time, especially during the autumn migration and wintering periods. 
Finally, in addition to general sanitary and quarantine procedures 
mentioned above, an AI virus vaccination program is needed in Japan.
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