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Of the 62 million people at risk in Thailand, 22 people have been infected with 
H5N1 avian influenza over the last two years. This infection rate is related to the 
very high density of both people and poultry in the country. While only 0.06% of 
the poultry flocks in the county have been infected, over 3,500 infected flocks 
have still been identified since the end of 2003. The number of infected flocks 
found in Thailand has been greater than the total number of small and large 
poultry flocks that can normally found in Manitoba at one time. If all backyard and 
commercial poultry flocks in Manitoba were to be simultaneously infected with 
avian influenza, the number of infected flocks would still be less than found to-
date in Thailand. 
 
 

 
 
 
 
 
 
 
 
 
 

Figure 10. Comparison of Poultry Density in Thailand and Manitoba: Birds by 
District 

 
Production in Thailand (birds) 

Total Number of Poultry Flocks by Census 
Division in Manitoba, Statistics Canada, Census 
2001 
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The level of infection of people in Thailand has been aided by the close contact 
between birds and humans. Many of the 63 million chickens in backyard flocks 
roam free through villages and into people’s homes. Over half of the infected 
flocks in Thailand have been backyard chicken flocks and the close contact of 
these birds with people is a problem. Even people who do not raise chickens 
have more contract than normally found in countries like Canada. Many people in 
Thailand buy their poultry at live bird markets where they can pick out and handle 
the birds that they want either slaughtered for them at the market or take home to 
process themselves. At live bird markets, they are exposed to birds, manure, 
feathers and cages that can all be contaminated with the influenza virus. This 
concentrated interaction between people and poultry does not occur in Manitoba. 
 
The control of avian influenza in Thailand and other South East Asian countries 
has been difficult for a number of reasons: 
 Large numbers of duck flocks. Ducks have been identified in Thailand as 

“silent carriers” of the disease because they do not appear sick but can 
spread it to people and poultry. 

 The movement of ducks to graze rice fields in different parts of the country. 
 Live bird markets continually expose new birds to the disease. 
 The cultural acceptance of cock fighting. Thailand has tried unsuccessfully to 

ban the practice. 
 Movement of live and dead poultry across borders. 
 Poor biosecurity in small flocks. 

The ability to raise poultry and ducks outdoors on a year round basis also means 
that there is not natural break in outdoor production in Thailand. 
 
The Thai government has been aggressively fighting the outbreak of avian 
influenza by using control measures such as, 
 Eradication of any flock detected with H5N1 avian influenza or which has over 

10% mortality in one day 
 Quarantine zones 5 km around infected flocks 
 Comprehensive surveillance designed to test birds in every village in the 

country every six months 
 Testing of commercial flocks prior to being allowed to go to market 
 Discouraging cock fighting, poultry shows and grazing of ducks. 

While outdoor production has not been banned, the number of infected flocks 
has dropped dramatically. 

3.5 Wild Duck and Goose Demographics in Manitoba 
 
The nesting areas of wild ducks and geese are concentrated outside of the areas 
of the province with the greatest numbers of small and large poultry flocks. The 
results from a survey of wild duck and goose numbers and habitats in May, 2005 
are displayed in Table 6. Region 38 in this survey corresponds with the areas in 
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Table 6. Waterfowl breeding population estimates, (thousands of birds), May, 2005 
Table 6a 
 Wild bird survey region 
 25 36 37 38 39 40
Mallard ducks 27 19 155 54 97 130
Other ducks 150 29 349 65 374 364
Total Ducks 177 48 504 119 471 494
Canada Geese 7 9 23 2 6 19
Source: U.S. Fish & Wildlife Service/Cdn Wildlife Service 
 
 
Table 6b. Number of ponds (‘000’s) counted in May, 
2005and size of survey region (‘000’s square miles) 
 Wild bird survey region 
 25 36 37 38 39 40 
Ponds (‘000’s)  57 312 38 139 208
Area (000’s of 
square miles) 7.7 5.5 16.5 5.7 6.6 4.5 

Source: U.S. Fish & Wildlife Service/Cdn Wildlife Service 
 

south-eastern and south-central Manitoba that have the greatest numbers of 
large and small flocks in the province. The survey confirms that nesting areas of 
wild waterfowl are concentrated away from the poultry production areas (outside 
of Region 38). The distribution of the number of ponds identified in the May 
survey helps to explain the differences in wild waterfowl nesting sites across the 
province (Table 6).  
 
 

 
In southern Manitoba, the population of “resident” wild ducks and geese is 
relatively small during the summer months. The fall migration in September and 
October, however, represents a brief but intense period when wild waterfowl 
numbers increase dramatically. The highest concentrations would be at several 
major staging areas in the province – Oak Hammock Marsh, Whitewater Lake, 
Lake Dauphin, Big Grass Marsh near Gladstone, The Pas and the City of 
Winnipeg. In the poultry production areas of the province, some smaller staging 
areas of note would be Island Lake Park in the City of Portage La Prairie, Moose 
Lake, Tall Grass Prairie Reserve at Stuartburn, Whitemouth Lake and the Rat 
River Wildlife Management Area. North of the City of Winnipeg, the Hecla and 
Riverton area marshes and Dog Lake are notable staging and nesting areas. 
Due to changing habitat, the Delta Marsh waterfowl numbers are declining. 
 

 

 
Waterfowl Breeding Population Survey, May 2005 - 
Southern Manitoba and Saskatchewan River Delta 
U.S. Fish & Wildlife Service /Canadian Wildlife 

i
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Just like people, there is a “flu season” for wild waterfowl. In the northern 
hemisphere, the number of infected ducks surges in the months of August to 
November. A peak in numbers of infected waterfowl during the fall has been 
documented in Minnesota, Louisiana, Germany, Maryland, Minnesota, and 
Thailand (Halvorson et al 1985; Stallknecht et al 1990; Süss et al 1994; Slemons 
et al 2003; Tiensin et al 2005). In Minnesota, a peak in the incidence of infected, 
outdoor commercial turkey flocks occurs approximately 6 to 8 weeks after peak 
period of shed of influenza virus by wild ducks (Halvorson et al 1985). The 
greatest risk for commercial turkeys in Minnesota coincides with the congregation 
of enormous numbers of waterfowl at staging areas in the fall. Young susceptible 
birds gain their flight feathers, mix with increased number of older birds, and 
become infected. A high incidence of avian influenza in juvenile versus mature 
ducks has been observed in Minnesota, Maryland and Louisiana (Hanson et al 
2003, Slemons et al 2003; Stallknecht et al 1990). Cooler fall temperatures aid 
the spread of the virus between birds by extending its survival time in water and 
manure from days to weeks and even months. Outbreaks of avian influenza 
associated with the waterfowl migration and the cooler temperature in the fall 
have been noted in Minnesota and Thailand (Halvorson et al 1985; Tiensin et al 
2005). 
 
Bird counts at the Oak Hammock Marsh just north of the City of Winnipeg 
provide a picture of how wild waterfowl numbers increase dramatically during the 
migration (Table 7). The total number of wild ducks and geese increase rapidly in 
the middle of September and then decline significantly by the end of October or 
middle of November. At least for Canada Geese, the bird counts at Oak 
Hammock Marsh mirror that in the other major staging area – the City of 
Winnipeg. The peak Canada Goose counts during the fall migration are very 
similar in both locations (115,000 to 150,000 geese). 
 

Table 7 Number of Canada Geese, Snow Geese and Ducks Counted at Oak 
Hammock Marsh 

 Date Birds Counted 
 Summer Sept 15 Sept 22 Sept 29 Oct. 6 Oct. 13 Oct. 20 Nov. 3 
Canada Geese 416 10,000 67,700 100,500 103,850 61,100 100,150 79,500
Snow Geese 1 50,000 94,650 144,300 93,100 83,100 50,100 15,600
Ducks 2,759 2,000 21,500 43,000 32,550 68,950 87,450 40,000
Note: 1) Summer count from Ducks Unlimited web page, “Summer Bird Census” for 1999 to 2003, 
http://www.ducks.ca/ohmic/english/feature/scensus.html;  
2) Sept. 8 to Nov. 3 counts are averages for 2004 and 2005 supplied by Wildlife Branch, Manitoba 
Conservation. 
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SECTION 4 - Understanding and 
Communicating Risks 
 
4.1 Summary Points 
 
• A combination of the impact of loss rating and the vulnerability 

rating can be used to evaluate the potential risk to the industry 
from a given threat. 

 

 
These risks are high. Countermeasures recommended to mitigate 
these risks should be implemented as soon as possible. 

 
These risks are moderate. Countermeasure implementation should 
be planned in the near future. 

 
These risks are low. Countermeasure implementation will enhance 
security, but is of less urgency than the above risks. 

 

4.2 Risk Analysis 
 
A combination of the impact of loss rating and the vulnerability rating can be used 
to evaluate the potential risk to the industry from a given threat. A sample risk 
matrix is depicted in Table A. High risks are designated by the red cells, 
moderate risks by the yellow cells, and low risks by the green cells. 
 

Table A. Matrix identifying levels of risk 
  Probability of Occurrence in a Temporal Span 

Impact of 
Event Very High High Moderate Low 

Devastating     

Severe     

Noticeable     

Minor     
The ratings in the matrix can be interpreted using the explanation shown in Table 
B. 
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Table B. Interpretation of the risk ratings 

 
These risks are high. Countermeasures recommended to mitigate 
these risks should be implemented as soon as possible. 

 
These risks are moderate. Countermeasure implementation should 
be planned in the near future. 

 
These risks are low. Countermeasure implementation will enhance 
security, but is of less urgency than the above risks. 

 
Impact of Events: In poultry, an example of a devastating event would be an 
uncontrolled outbreak of non-zoonotic influenza which triggers prolonged border 
closure and requires the eradication of large numbers of infected and uninfected 
flocks. In people, an example of a devastating event would be the emergence 
and spread of a strain of avian influenza that requires the hospitalization of large 
numbers of people. 
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SECTION 5 - Risk Pathway 1 Classical 
pathway of introduction of influenza-A 
 

 
Figure 11. Classical pathway of introduction of influenza-A into domestic poultry and emergence of Highly 
Pathogenic Avian influenza. 

Table 7. Matrix identifying levels of risk introduction from North American 
Strains 

  Probability of Occurrence once in 20 Years 

Impact  Very High High Moderate Low 

Devastating     

Severe  Turkey Breeding Laying Hen  
Broiler Breeder Broiler Chicken 

Noticeable  Turkey Commercial Layer Breeder Geese 

Minor  
 
  Backyard Mix 

 
 

Non Pathogenic 
North American Strain  

Wild Bird Reservoir 

Domestic Poultry 
a)  Turkey 

Commercial 
b)  Turkey Breeding 
c)  Geese 
d)  Backyard Mix 
e)  Broiler Chicken 
f)  Laying Hen 
g)  Broiler Breeder 
h) Layer Breeder 

Flock is 
Eliminated  

Prior to 
Mutation  
to HPAI 

 
 

Mutates to HPAI 
In Commercial Poultry 

Risk Pathway 1 
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5.1 Summary 
 
The classic route for an outbreak of highly pathogenic avian influenza is for 
a low pathogenic strain to jump from wild waterfowl into poultry. The virus 
then cycles and mutates into in a highly pathogenic form. While the speed 
of mutation is unpredictable, the virus has a history of becoming highly 
pathogenic only in large commercial flocks of chickens, turkeys and other 
gallinaceous birds. The virus rarely or never mutates into this deadly form 
in domesticated waterfowl or small poultry flocks. The economic impact of 
an outbreak of avian influenza tends to be higher for laying hen and 
breeder flocks than for broiler chicken flocks due to the lost income stream 
when these flocks are eradicated. 

5.2 Evidence 
 
Template Assumptions: Wild birds, especially waterfowl and shore birds, are 
known to harbour influenza viruses. Invariably these are of no virulence for the 
wild bird and low virulence for domestic poultry if accidentally introduced. The 
risk to domestic poultry arises when waterfowl origin virus cycles many times 
after being introduced to a non waterfowl species. These risk conditions allow for 
the mutation form a LPAI to a HPAI.  Therefore age of the flock of turkeys and 
chickens is a major risk factor for the emergence of new variants. 
 
It appears that low pathogenic avian influenza will not mutate into a highly 
pathogenic form on farms with less than 8,000 chickens or turkeys on-site. A 
search of the literature indicates that the index flocks in avian influenza outbreaks 
are usually quite large (Table 8). 
 

Table 8 Survey of Number of Birds on Index Farms Outbreaks of Highly 
Pathogenic Avian Influenza 

Country Year 
Number of 
birds on-

farm 
Type of bird Reference 

Chile 2002 618,000 broiler breeders Rojas et al, 2002 
Australia 1990 111,000  various 

chickens 
Morgan and Kelly, 1990 

Australia 1997 ~ 36,000 laying hens Selleck et al, 2003 
England 1963 30,600 turkeys Wells, 1963 
Netherlands 2003 28,000 laying hens Elbers et al, 2004 
Canada 2004 18,000 broiler breeders CFIA, 2004 
England 1991 8,000 turkeys Alexander et al, 1993 
Note index cases in avian influenza endemic areas and farms which also act as 
live bird markets or dealers have not been included. 
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The 2003 outbreak of avian influenza in the Netherlands HPAI 
A/Chicken/Netherlands/01/03 (H7N7) is most likely to have arisen after Dutch 
poultry became infected with a LPAI virus of H7 subtype of wild bird origin that 
mutated in domestic poultry into an HPAI virus and produced clinical disease 
(Stegeman et al 2004). 
 
In developed countries without extensive live bird markets, highly pathogenic 
avian influenza is a disease of large commercial farms and not backyard flocks. 
In the 1999 to 2001 outbreak of HPAI H7N1 in Italy, there were 388 commercial 
flocks and only 25 backyard flocks infected. In the HPAI H7N3 outbreak in 
Canada in 2004, 28 commercial flocks and 10 backyard flocks were infected with 
the disease appearing to spread from the large to the small flocks. In the 
Netherlands outbreak there is no evidence that keeping birds indoors did 
anything to stop the virus (Stegemen et al 2004, Thomas 2005). 
 
Extensive testing after an outbreak of HPAI in a commercial flock in Australia 
revealed no infection in surrounding backyard flocks (Selleck et al 2003). A 
similar experience was reported from Pennsylvania with a lower path H7N2 
(Dunn et al 2003) 
 
In some cases newly introduced field strain viruses mutate very rapidly. In the 
2004 outbreak of avian influenza in British Columbia both LPAI and HPAI H7N3 
from birds in the first barn identified as infected. On the second barn on the same 
premises only HPAI-H7N3 was isolated. 
 
Low pathogenic strains can circulate for considerable periods of time in domestic 
poultry without significant mutation. A LPAI H7 avian influenza virus circulating in 
the northeastern United States has been slowly mutating for over 10 years. 
Viruses isolated between 1994 and 2002 from live-bird markets (LBMs) in and 
from three outbreaks in commercial poultry have been characterized. 
Phylogenetic analysis of the HA and NA genes demonstrates that the isolates 
from commercial poultry were closely related to the viruses resident in the LBMs. 
Also, since 1994, two distinguishing genetic features have appeared in this 
lineage. Analysis of the HA cleavage site amino acid sequence, a marker for 
pathogenicity in chickens and turkeys, shows a progression toward a cleavage 
site sequence that fulfills the molecular criteria for highly pathogenic AI 
(Spackman 2003). 
 
The 2002 Texas H5N3 isolate recently analyzed (Lee et al 2004) had a unique 
haemagglutinin cleavage site sequence of REKR/G (other recent isolates have 
the typical avirulent motif, RETR/G). Furthermore, this isolate had a 28 amino 
acid deletion in the stalk region of the neuraminidase protein, a common 
characteristic of chicken adapted influenza viruses, and may indicate that this 
virus had actually been circulating in poultry for an extended period of time 
before it was isolated. In agreement with genetic evidence, the Texas H5N3 
isolate replicated better than other H5 isolates in experimentally infected 
chickens. The outbreak in Texas with a more chicken-adapted H5N3 virus 
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underscores the importance of ongoing surveillance and control efforts regarding 
the H5 subtype AI virus in the US. 
 
Some period of time must elapse between when a LPAI of water bird origin is 
introduced into domestic poultry and the point where a HPAI emerges in poultry. 
Between 1979 and 2002 there have been 108 known introductions of water bird 
origin LPAI into Minnesota poultry involving 1100 flocks, mostly outdoor reared 
turkey. Of the 108 isolates 20 have been H5 or H7. Control was implemented by 
quarantine followed by depopulation at the end of production (not immediate 
destruction).  No government compensation has been paid out, no spread of AI 
to neighboring states has occurred and no destruction of healthy birds has been 
required (Halvorson 2003). 
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SECTION 6 - Risk Pathway 1c Wild birds to 
Domestic Geese 
 

 
Figure12 Classical pathway of introduction of influenza-A into domestic geese and emergence of 
Highly Pathogenic Avian influenza. 

 

6.1 Summary 
 
Influenza-A viruses rarely cause disease in ducks and geese. Pathogenicity of 
Influenza in waterfowl has only been identified 3 times A/tern/South Africa/61 
(H5N3) (Becker 1966); domestic geese and Muscovi Ducks in Italy in 1999-2000 
(H7N1) (Capua et al 2001); and the recent outbreaks in Southern China (Hulse-
Post et al 2005, Kishida et al 2005).  Recent H5N1 isolates from southern China 
may be non-pathogenic for migratory ducks but retain high pathogenicity for 
other poultry (Webster et al 2006, Perkins et al 2002). 
 
Domestic geese are highly resistant to low pathogenic forms of avian influenza 
and the virus does not appear to have ever mutated to the highly pathogenic 
form while in a domestic goose flock (with one possible exception). A North 
American wild bird H5 or H7 introduction into commercial geese is a significant 
risk only if the goose flock can transmit the virus to chickens or turkeys. If a 
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highly pathogenic form (eg Z genotype H5N1) is introduced from other poultry or 
wild waterfowl, high mortality would not likely occur. The most likely scenario 
would be a low level of sick and dead birds and a limited amount of shed of the 
virus.  
 

6.2 Evidence 
 
During the summer and early fall of 1996, an outbreak of disease with 40% 
morbidity occurred on a goose farm in Guangdong Province, China and attracted 
little international attention. At least two influenza A (H5N1) viruses from sick 
birds were isolated in embryonated eggs. The pathogenicity of one of these 
isolates, A/Goose/Guangdong/1/96, was evaluated in experimentally inoculated 
geese and the virus caused illness and death. This virus has also caused illness 
and death in chickens experimentally inoculated by the intravenous route. The 
hemagglutinin (HA) gene of this virus was genetically similar to those of the 
human pathogen H5N1 isolated in Hong Kong in 1997 (Tang et al 1998, Xu 
1999). 
 
Since 1996 it has been demonstrated that many genetically and antigenically 
distinct sublineages of H5N1 virus have become established in poultry in different 
geographical regions of Southeast Asia, indicating the long-term endemnicity of 
the virus. The isolation of H5N1 virus from apparently healthy migratory birds in 
southern China also supports this hypothesis. The H5N1 influenza virus, has 
continued to spread from its established source in southern China to other 
regions through transport of poultry and wild bird migration. Domestic poultry 
tested positive for H5N1 virus in 16 of the past 18 months between January 1, 
2004 and June 30, 2005.  
 
H5N1 virus was most frequently isolated from healthy migratory ducks and geese 
(isolation rates, 1.8% and 1.9%, respectively), followed by minor poultry (0.46%) 
and chickens (0.26%). H5N1 virus has persisted in various types of poultry in the 
markets of southern China, for almost 10 yr and has been repeatedly introduced 
into neighboring (e.g., Vietnam) and distant (e.g., Indonesia) regions, 
establishing ‘‘colonies’’ of H5N1 virus throughout Asia (Chen 2006). 
 
The identification of regionally distinct sublineages of Asian H5N1 contributes to 
the understanding of the mechanism for the perpetuation and spread of H5N1, 
providing information that is directly relevant to control of the source of infection 
in poultry. It points to the necessity of surveillance that is geographically broader 
than previously supposed and that includes H5N1 viruses of greater genetic and 
antigenic diversity (Chen 2006).  
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If domestic or wild geese become infected with the Asian H5N1 strain of highly 
pathogenic avian influenza, sick or dead birds may be observed. Research has 
demonstrated that in geese the virus tends to localize in the brain causing 
nervous signs and sometimes high mortality (Perkins and Swayne 2002; 
Shortridge et al 1998). In Italy during the 1999 to 2000 outbreak of HPAI H7N1, 
veterinarians noticed in small, mixed flocks of chickens, turkeys, geese and 
ducks that waterfowl were rarely affected by one case of mortality in geese was 
observed (Capua and Mutinelli 2001). In most cases, highly pathogenic forms of 
avian influenza have caused no visible sickness, only mild lesions, and no or 
limited viral shed in ducks. 
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SECTION 7 - Route 2 Introduction of 
Zoonotic Avian Influenza from Asia 
 

 
Figure 13  Risk pathway for introduction of zoonotic avian influenza from Asia.  
 

Table 9. Matrix identifying levels of risk Asian H5N1 

  Probability of Occurrence Within 20 Years 

Impact Very High High Moderate Low 

Devastating   Multi-Flock 
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Minor      
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7.1 Summary 
 
The emergence of highly pathogenic H5N1 avian influenza in Asia and its 
potential spread by wild waterfowl is a new threat. It offers the risk that instead of 
introducing low pathogenic virus, wild waterfowl can introduce a virus that is 
already “fully weaponized” to poultry flocks. As it emerges from the wild, this 
strain is capable of killing large numbers of animals. In its present form, however, 
the virus has demonstrated a very limited capability to infect small numbers of 
people. For even a few human cases to occur, it appears that many flocks must 
be infected and large numbers of people must come in close contact with the 
feathers and manure of infected birds. 
 

7.2 Evidence 
 
There is a potential risk that HPAI subtype H5N1 might be carried along 
migration routes of wild water birds to densely populated areas in the south Asian 
subcontinent and along migratory flyways to Africa and Europe. Recent 
outbreaks of HPAI in Russia and Kazakhstan (August, 2005) may be suggestive 
of the role of wild birds in the epidemiology of HPAI. The complex overlapping of 
major flyways (Fig 1) and the lack of information on migratory species potentially 
involved in AI disease spread make simple association of wild bird flyways with 
outbreaks of AI difficult. The H5N1 form of the avian influenza virus has been 
confirmed in European Union countries Greece, Italy, Germany, Austria, France,  
Slovenia, Hungary, Romania and Croatia.  
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Highly Pathogenic Avian Influenza (HPAI), subtype H5N1 has been occurring in 
poultry in Southeast Asia since 2003. Until recently, the outbreaks were restricted 
to Indonesia, Viet Nam, Thailand, Lao PDR, Cambodia and China. But since late 
July 2005, HPAI H5N1 has expanded in a north-westerly direction.   

 
However, it is plausible that HPAI H5N1 virus could spread from Siberia to the 
circumpolar ecosystem and come into contact with birds originating from the 
North American Flyways (Green line-Black line overlap Figure 14). The exact risk 
will likely depend on the identification of specific migratory species that carry H5 
viruses without suffering the disease, and knowledge of their resting areas and 
wintering grounds combined with the location and biosecurity infrastructure of 
existing production poultry systems and husbandry. The East Atlantic flyway has 
considerable overlap with the Atlantic Americas Flyway and now that Nigeria is 
infected in commercial poultry and wild swans are infected in Hungary/Central 
Europe there is reason to believe that the East Atlantic flyway will be involved in 
disease transmission in the spring migration.  
 
Mongolia reported the death of some 90 migratory birds at two lakes in the 
northern part of the country in early August, 2005. Influenza A virus subtype H5 
was isolated from samples taken from dead wild water birds. From April to June, 
2005 more than 6000 migratory birds have been reported to have died due to 
H5N1 infection at the Qinghai Lake Nature Reserve in Qinghai Province, China 
(Liu et al 2005, Chen et al 2005). This included bar-headed geese Anser indicus, 
great black-headed gulls Larus ichthyaetus, brown-headed gulls Larus 

Figure 14 Map from http://www.fao.org/ag/againfo/subjects/en/health/diseases-cards/avian_HPAIrisk.html 
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brunnicephalus, ruddy shelducks Tadorna ferruginea and great cormorants 
Phalacrocorax carbo. In China (Tibet), the death of 133 breeding hens was 
reported and H5N1 was isolated from samples from these birds.  
 
These new outbreaks suggest that this highly pathogenic H5N1 virus is 
spreading progressively north-westwards and not restricted to the Southeast 
Asian focus, where the outbreaks of AI started in mid-2003. In Russia and 
Kazakhstan, contact between domestic poultry and wild waterfowl at open water 
reservoirs is considered the primary source of infection for poultry. Similar 
experience occurred in introduction in Germany and western Europe where the 
Asian strain was first identified in migratory birds on islands in the Baltic Sea and 
later in commercial poultry in France 
(http://www.hpa.org.uk/infections/topics_az/influenza/avian/avian_flu_news.htm) 
 
All of the H5N1 viruses isolated from wild birds during the 2003-2004 outbreaks 
were from dead or dying birds which were located in the vicinity of infected 
poultry flocks or recently contaminated premises. It appears that some form of 
the currently circulating strain of H5N1 is also highly pathogenic to wild birds 
including ducks, as can be shown from the isolation of the virus from numerous 
dead wild birds and disease outbreaks in bird parks and zoos. In 2004, H5N1 
was identified in several species of dead and dying birds including various wild 
birds in Thailand, magpies in Korea, crows in Japan, a zoo collection in 
Cambodia and a single heron and peregrine falcon in Hong Kong (Table 10).  
 

Table 10 Spillover from Commercial Poultry to Wild Birds South East Asia 

 

 
In late 2005 winter 2006 geographic spread to Germany, France and Egypt-
Nigeria appears to strongly support the transmission of disease in migratory birds 
while the Nigerian outbreaks appear to be due to commercial birds and poultry 
products from Egypt. 
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Figure 15 Bar headed goose (Anser indicus) range incorporates most of the early 
spread of Asian strain H5N1 HPAI in the summer of 2005.  
 

Southward migration for the northern-breeding Anatidae (swimming birds having 
heavy short-legged bodies and bills with a horny tip: swans; geese; ducks) starts 
in July and increases throughout the following months. Most birds would have 
reached their winter range sometime between November and December. The 
migration takes them north to reproduction areas at the end of winter, beginning 
of spring. The winter of 2003-2004 when most of the outbreaks in South East 
Asia occurred, was when migratory bird densities in South East Asia were at their 
peak. This appears to implicate wild birds as a possible source for the infection. 
However, the pattern of the HPAI outbreaks does not coincide with migratory 
pathway of wild birds for all countries. It is important to note that, if introduced by 
migratory birds alone, outbreaks of avian influenza would also be expected to 
have occurred, for example, in Taiwan and the Philippines, or even at the 
extreme range of the flyway in parts of eastern Australia and New Zealand, if 
shore birds are shown to be reservoirs (shore birds and wading birds belong to 
the classification order Charadiformes). 

 
Many duck species identified to carry avian influenza viruses, winter in large 
numbers in Taiwan and the Philippines as well as in areas in Southern Asia. 
Migrating birds also tend to bypass mainland China, where numerous HPAI 
outbreaks have occurred, in favour of traveling down the coastline or across 
western China to avoid the Himalayan Mountains. Furthermore, the timing of the 
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Indonesian and Malaysian outbreaks occurred outside the times when migratory 
birds would have been present in the countries. Therefore, unexplained factors 
such as unrecorded commercial bird movement could possibly be at play in the 
dissemination of AI viruses. 
 
There remains a body of data and analysis missing on the collection and 
detection of HPAI viruses in wild birds. The 1986 Mexican H5N2 was identified in 
a Connecticut Plover almost 2 years prior to the strain emerging as a pathogen in 
poultry. Surveillance in Charadiformes is difficult as they do not congregate in 
large numbers to allow for strategic sampling. Finding HPAI viruses in wild birds 
may be a rare event, but if the contact with susceptible species occurs it can 
cause an outbreak at the local level or in distant areas. 
 

7.3 Current International Scientific Recommendations Asian  
H5N1* 

 
To prevent further spreading of Asian H5N1, surveillance in domestic poultry as 
well as in wild birds should be strengthened in countries at immediate risk, 
especially along migrating bird routes. Resources should be focused on the 
reduction of close contacts between humans, domestic poultry and wildlife 
through better management practices and improved biosecurity practices in 
poultry production enterprises, especially those that are small and 'open-air'- 
where domestic poultry and waterfowl are allowed to mingle with wild birds. 

 
The control of avian influenza infection in wild bird populations at this stage, is 
not feasible - from a logistical, environmental and biodiversity point of view. 
Indiscriminate culling of wild migratory bird populations would be ineffective in 
preventing further spread of avian influenza and their hunting would likely cause 
dispersion of the birds.  
 
Monitoring, sampling and analysis of the viral subtypes of avian influenza found 
in wild birds need to be done in order to fully understand their role in the 
propagation and spread of highly pathogenic avian influenza viruses. 
Multidisciplinary research is required that brings in the competencies of 
veterinarians, wildlife specialists, ornithologists, virologists, molecular biologists 
and other resource avenues.  
 
*Reference: http://www.fao.org/ag/againfo/subjects/en/health/diseases-
cards/avian_HPAIrisk.html 
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SECTION 8 - Route 3 Risk of AI Movement 
through Pigs 
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Figure 16 Risk pathway for introduction of zoonotic or HP avian influenza from 
recombination in pigs in Manitoba.  
 

8.1 Summary 
 
Pigs are permissive to both human and avian influenza viruses and have been 
proposed to be an intermediate host for the genesis of pandemic influenza 
viruses through reassortment or adaptation of avian viruses. 
 
Pigs have not yet been implicated in the epidemiology of H5N1 (southeast Asian) 
strain of avian influenza. Because they are susceptible to both human and avian 
strains of the virus, they remain as a potentially highly vulnerable population of 
animals. 
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Table 11. Matrix identifying levels of risk Swine Involvement 

  Vulnerability to Threat (one incident in 20 Years) 

Impact of Loss Very High High Moderate Low 

Devastating   Asian H5N1 
found in pigs 

Swine Origin 
Human 

Pandemic  

Severe   

Swine Origin 
Human 

Pathogen 
 (non 

Pandemic) 

 

Noticeable  
Swine flu in 

poultry   

Minor     
Swine Origin 
Horse/Dog 
Pathogen 

 

8.2 Evidence 
 
If multiple domestic species become involved the possible scenarios are much 
worse for agriculture and human health. If Asian strain H5N1 were to be 
identified in the Manitoba Swine complex multiple repercussions could be 
expected including possible closure of the US border to live swine and pork, 
worker refusal to enter swine buildings, logistic problems in dealing with surplus 
animals and public perception of danger.  

 
Virus infection of pigs does have human health implications although recent 
outbreaks of pig-adapted viruses have not been associated with human deaths. 
The movement of low pathogenic strains or the H5N1 Asian highly pathogenic 
strain of avian influenza from wild birds to pigs has not been associated with high 
mortality in pig populations in Asia. Farm management is significantly less 
intensive with smaller herd sizes in pork production in Asia. 
 
Significant species barrier exists between human and avian Strains of Influenza 
A. During the course of a single-cycle human infection, human adapted viruses 
preferentially infected nonciliated cells, whereas avian viruses as well as the egg-
adapted human virus variant with an avian virus-like receptor specificity mainly 
infected ciliated cells. This pattern correlated with the predominant localization of 
receptors for human viruses (2-6-linked sialic acids) on nonciliated cells and of 
receptors for avian viruses (2-3-linked sialic acids) on ciliated cells. These 
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findings suggest that although avian influenza viruses can infect human airway 
epithelium, their replication may be limited by a nonoptimal cellular tropism 
(Matrosovich et al 2004) 
 
During infection, influenza-A viruses attach to the host epithelium via the 
haemagglutinin protein. Avian origin haemagglutinins preferentially attach to the 
2.3-sialic acid receptors on the respiratory and gut epithelium of birds.  Human 
origin haemagglutinins preferentially attach to the 2.6-sialic acid receptors on the 
lower respiratory epithelium of people.  Pigs have both the 2.3-sialic acid 
receptors and the 2.6-sialic acid receptors allowing them to be infected by both 
human and avian adapted strains of influenza. In addition the 2.3-sialic acid (bird 
type) receptors are also found on the human conjunctiva (eye), and on the upper 
ciliated portion of the respiratory column (large airways excluding lung) 
(Matrosovich et al 2004). The human infections in The Netherlands 2003 and the 
British Columbia 2004 bird outbreaks were primarily conjunctivitis.  
 
Animals act as reservoirs for this influenza virus and research indicates the 
influenza virus often originates in the intestines of aquatic wildfowl. The virus is 
shed into the environment, which in turns infects domestic poultry, which in turn 
infects mammalian hosts. These animals, usually pigs, act as a transformer or 
converters; creating a strain that can more readily infect humans. These 
reassortant strains may have potential to cause pandemic influenza in humans. 
Therefore swine can be infected with both avian and human influenza A viruses 
and serve as a source for infection for a number of species as the incidents of 
direct infection from birds to humans have been rare. Increased human 
habitation near poultry and swine raising facilities pose greater influenza 
outbreak risk. It was this combination of environmental factors that may have 
contributed to the greatest pandemic of recent times, and, moreover, similar 
conditions exist throughout Southeast Asia today. (Hollenbeck 2005, van Eijk et 
al 2004). 

 
Pigs serve as major reservoirs of H1N1 and H3N2 influenza viruses which are 
endemic in pig populations world-wide and are responsible for one of the most 
prevalent respiratory diseases in pigs. The maintenance of these viruses in pigs 
and the frequent exchange of viruses between pigs and other species is 
facilitated directly by swine husbandry practices, which provide for a continual 
supply of susceptible pigs and regular contact with other species, particularly 
humans. The pig has been a contender for the role of intermediate host for 
reassortment of influenza A viruses of avian and human origin since it is the only 
domesticated mammalian species which is reared in abundance and is 
susceptible to, and allows productive replication of, avian and human influenza 
viruses. This can lead to the generation of new strains of influenza, some of 
which may be transmitted to other species including humans. This concept is 
supported by the detection of human-avian reassortant viruses in European pigs 
with some evidence for subsequent transmission to the human population. 
Following interspecies transmission to pigs, some influenza viruses may be 
extremely unstable genetically, giving rise to variants which could be conducive 
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to the species barrier being breached a second time. Eventually, a stable lineage 
derived from the dominant variant may become established in pigs. Genetic drift 
occurs particularly in the genes encoding the external glycoproteins, but does not 
usually result in the same antigenic variability that occurs in the prevailing strains 
in the human population. Adaptation of a 'newly' transmitted influenza virus to 
pigs can take many years. Both human H3N2 and avian H1N1 were detected in 
pigs many years before they acquired the ability to spread rapidly and become 
associated with disease epidemics in pigs (Brown 2000, Riedel 2006, Jang-Pin 
Liu 2006). 
 
Swine influenza viruses can transmit directly to humans and cause disease. Two 
human influenza A viruses (A/Netherlands/5/93 [H3N2] and A/Netherlands/35/93 
[H3N2]) that caused influenza in children in The Netherlands in 1993 were 
human-avian reassortments that were generated and currently still are circulating 
in European swine (Claas et al 1994, 2000).  

 
Prospective virological surveillance carried out between March 1998 and June 
2000 in Hong Kong, Special Administrative Region, People's Republic of China, 
on pigs imported from southeastern China, provides the first evidence of 
interspecies transmission of avian H9N2 viruses to pigs and documents their 
cocirculation with contemporary human H3N2 (A/Sydney/5/97-like, Sydney97-
like) viruses. All gene segments of the porcine H9N2 viruses were closely related 
to viruses similar to chicken/Beijing/1/94 (H9N2), duck/Hong Kong/Y280/97 
(H9N2), and the descendants of the latter virus lineage. Phylogenetic analysis 
suggested that repeated interspecies transmission events had occurred from the 
avian host to pigs. The Sydney97-like (H3N2) viruses isolated from pigs were 
related closely to contemporary human H3N2 viruses in all gene segments and 
had not undergone genetic reassortment. Cocirculation of avian H9N2 and 
human H3N2 viruses in pigs provides an opportunity for genetic reassortment 
leading to the emergence of viruses with pandemic potential (Periris et al 2001).  
 
Swine can be directly infected with wholly human Influenza isolates. Previous to 
1998, a swine-adapted H1N1 was ubiquitous in the U.S. swine herd and parts of 
Canada. Since 1998, H3N2 viruses have caused epizootics of respiratory 
disease in pigs throughout the major swine production regions of the U.S.  
Sequence analysis of four H3N2 viruses isolated from pigs in the Midwestern 
U.S. between March 1998 and March 1999, a H3N2 viruses recovered from a 
piglet in Canada in January 1997 and from a pig in Colorado in 1977. 
Phylogenetic analyses demonstrated that the 1977 Colorado and 1997 Ontario 
isolates are wholly human influenza viruses. However, the viruses isolated since 
1998 from pigs in the Midwestern U.S. are reassortant viruses containing 
hemagglutinin, neuraminidase and PB1 polymerase genes from human influenza 
viruses, matrix, non-structural and nucleoprotein genes from classical swine 
viruses, and PA and PB2 polymerase genes from avian viruses. The HA proteins 
of the Midwestern reassortant swine viruses can be differentiated from those of 
the 1995 lineage of human H3 viruses by 12 amino acid mutations in HA1. In 
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contrast, the Sw/ONT/97 virus, which did not spread from pig-to-pig, lacks 11 of 
these changes (Karasin 2000).  

 
Phylogenetic analyses of the polymerase B1 (PB1) genes showed that 
interspecies transmission from humans to pigs has happened multiple times in 
pigs in Southern China. All 72 H1N1 isolates were of porcine origin characteristic 
of classical porcine H1N1 influenza virus. Analysis of 624 genes of porcine 
influenza viruses from Southern China failed to detect any evidence for avian 
influenza virus genes. This contrasts to what is currently found in Europe, where 
the majority of porcine influenza virus isolates are of avian origin (Shu et al 
1994). 
 
Prospective virological surveillance carried out between March 1998 and June 
2000 in Hong Kong, Special Administrative Region, People’s Republic of China, 
on pigs imported from southeastern China, provides evidence of interspecies 
transmission of avian H9N2 viruses to pigs and documents their cocirculation 
with contemporary human H3N2 (A/Sydney/5/97-like, Sydney97-like) viruses. 
Unlike the recent reassortant H3N2 viruses isolated from pigs in the North 
American continent, viruses isolated in this present study had not undergone 
reassortment and are similar in all gene segments to contemporary human H3N2 
viruses. These human H3N2 viruses have not yet undergone reassortment with 
porcine viruses. The H9N2 viruses are still in the process rapid evolution in the 
avian host and now have crossed to a new host—the pig. Unlike H5N1/97 
viruses, the HA of these H9N2 viruses would be predicted to already have affinity 
to bind to the sialyl-oligosaccharides found on human cells. In the context of a 
human population immunologically naive to the H9 antigen, such a virus would 
pose a significant pandemic threat. (Peiris et al 2001).   

 
Currently the zoonotic risk from H9 class of influenza is not being emphasized or 
has been overshadowed by the H5N1activity world wide. H9N2 subtype avian 
influenza viruses (AIVs) are widely distributed in avian species and were isolated 
from humans in Hong Kong and Guangdong province. H9N2 viruses were 
isolated from nasopharyngeal aspirate specimens collected from two children 
who were hospitalized with uncomplicated, febrile, upper respiratory tract 
illnesses in Hong Kong during March 1999 (Uyeki et al 2002). Novel influenza 
viruses have the potential to initiate global pandemics if they are sufficiently 
transmissible among humans. This particular strain appears to be adapted to 
parrot family of birds which is a rare adaptation (Mase et al 2001). 
 
In Hong Kong, H9N2 was the most prevalent influenza virus subtype in the live-
poultry markets between 2001 and 2003. Viruses of all six genotypes of H9N2 
recently found were able to replicate in chickens and mice without adaptation. 
The infected chickens showed no signs of disease, but representatives of two 
viral genotypes were lethal to mice. Three genotypes of virus replicated in the 
respiratory tracts of swine, which shed virus for at least 5 days. These results 
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show an increasing genetic and biologic diversity of H9N2 viruses in Hong Kong 
and support their potential role as pandemic influenza agents (Choi et al 2004).  
 

 

Figure17 Swine density is very low compared to similar regions in south-east Asia. Swine 
are concentrated in the same municipalities as are poultry production South and East of 
Winnipeg. Many more people have daily contact with swine than with commercial 
chickens, which are more easily handled by automatic equipment.  
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SECTION 9 - Route 4 Live Bird Market 
Involvement 
 

 
Figure 18 Live bird markets have been implicated in the dissemination of various strains of Avian 
Influenza in Hong Kong in 1997, In Texas in 2004 and in the NE-Seaboard Pennsylvania and the 
Delaware peninsula in the United States.  

Live Bird Markets 

Table 12. Matrix identifying levels of risk 

  Probability of Occurrence 1/20 years 

Impact  Very High High Moderate Low 

Devastating     
Severe     
Noticeable     
Minor     No LBM’s 
 

Risk Pathway 4 

Small  
Flocks 
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There are no Live Bird Markets in Manitoba this section is included to facilitate 
understanding of the global situation with Avian Influenza. 
 

9.1 Summary 
 
Live bird markets are reservoirs of avian influenza that have been created and 
maintained by human activity. These markets also greatly increase the contact 
between people and the feathers and manure of infected birds. 

 
No live birds operate in Manitoba. The auction marts and live birds shows in the 
province are too small and occur too infrequently infrequent to act as a reservoir 
of the virus. 

9.2 Evidence 
 
Live-animal markets (wet markets) provide a source of vertebrate and 
invertebrate animals for customers in tropical and subtropical regions of the 
world. Wet markets sell live poultry, fish, reptiles, and mammals of every kind. 
Live-poultry markets (mostly chicken, pigeon, quail, ducks, geese, and a wide 
range of exotic wild-caught and farm-raised fowl) are usually separated from 
markets selling fish or red-meat animals, but the stalls can be near each other 
with no physical separation. Despite the widespread availability of affordable 
refrigeration, many Asian people prefer live animals for fresh produce. Wet 
markets are widespread in Asian countries and in countries where Asian people 
have migrated.  

 
Live-poultry markets were the source of the H5N1 bird-influenza virus that 
transmitted to and killed six of 18 people in Hong Kong. The isolation of severe 
acute respiratory syndrome (SARS) coronavirus (CoV) from Himalayan palm 
civets (Paguna larvata) in wet markets in Shenzen, southern China. Serological 
evidence for SARS CoV in human beings working in these markets, taken 
together with the earliest cases of SARS in restaurant workers, supports the 
contention of a potential zoonotic origin for virus evolution in live animals (Kan et 
al 2005).  Knowledge of the ecology of influenza in wet markets can be used as 
an early-warning system to detect the reappearance of SARS or pandemic 
influenza (Webster 2004) 
 
The hemagglutinin (HA) and neuraminidase (NA) genes of H7 avian influenza 
virus (AIV) isolated between 1994 and 2002 from live-bird markets (LBMs) in the 
northeastern United States and from three outbreaks in commercial poultry have 
been characterized. Phylogenetic analysis of the HA and NA genes 
demonstrates that the isolates from commercial poultry were closely related to 
the viruses circulating in the LBMs. Also, since 1994, two distinguishing genetic 
features have appeared in this AIV lineage: a deletion of 17 amino acids in the 
NA protein stalk region and a deletion of 8 amino acids in the HA1 protein which 
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is putatively in part of the receptor binding site. Furthermore, analysis of the HA 
cleavage site amino acid sequence, a marker for  pathogenicity in chickens and 
turkeys, shows a progression toward a cleavage site sequence that fulfills the 
molecular criteria for highly pathogenic AIV (Spackman et al 2003, Lee et al 
2004, Panigrahy et al 2002, Henzler et al 2003) 
 
While live bird markets operating in New England and Texas are a major 
reservoir for avian influenza, most of the flocks that supply these markets are 
free of the disease. In a survey in 2001, of 185 farms that routinely supplied live 
bird markets in the northeastern U.S., no avian influenza (0%) was found in 
2,225 swabs and 2,450 serum samples collected from these farms. In contrast, 
20% of the birds tested in the live bird markets were positive for avian influenza 
(Senne et al 2003; Bulaga et al 2003). It is the on-going introduction of influenza-
free birds to the live bird markets and their mixing with birds already infected in 
the markets that allows avian influenza to persist. 
 
Chickens appear to rarely or never become carriers of avian influenza. It is rare 
for a flock to break a second time with the same strain and the only known cases 
are two commercial laying hen flocks in Pennsylvania (Davison et al 2003, Dunn 
et al 2003). When chickens were infected experimentally with four strains of 
H7N2 avian influenza, the birds shed virus for two weeks or less and within 
another two weeks these birds would not spread the disease to other susceptible 
birds (Lu et al 2003). 
 
The auction markets and live bird shows that do occur in Manitoba do not meet 
the epidemiological criteria for them to become reservoirs of the disease. To act 
as a reservoir, an auction market must remain open on an almost constant basis 
and must accept large numbers of susceptible birds on an almost weekly basis. 
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SECTION 10 - Route 5 Risk of AI Movement 
from Pigs to Poultry 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 13. Matrix identifying levels of risk 

  Probability of Occurrence 1/20 years 

Impact  Very High High Moderate Low 

Devastating     
Severe     

Noticeable  
Swine Adapted 

Influenza in 
Poultry 

  

Minor      
 

Wild Birds

People

Domestic 
Poultry

Compartment

Risk Pathway 5

Wild Birds

People

Domestic 
Poultry

Compartment

Risk Pathway 5
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10.1 Summary 
 
Currently the primary risk to commercial poultry is the presence of human/swine 
adapted H3N2 circulating in Manitoba swine production. The virus can have a 
large impact on turkey breeder flocks but vaccinations are now available that 
appear to provide significant protection. There are no signs that the virus has 
spread to or caused problems in meat or egg-type chicken flocks. Human 
adapted influenza viruses currently circulating in swine are a potential public 
health risk. 

 

10.2 Evidence 
  
In January, 2005, the Manitoba Veterinary Diagnostic Laboratory identified Swine 
H3N2 for the first time Manitoba swine herds, with cases tracking back to 
September of 2004. That outbreak affected about 110 pig farms, appeared to 
subside and has re-emerged this winter. There is an infected swine barn in 
proximity to the affected turkey breeder farms. 
a) On June 20, 2005, Influenza virus was confirmed present in a Manitoba 

turkey breeder flock, undergoing a significant egg production drop. The 
private veterinarian involved informed CFIA immediately as suspicions of 
Avian Influenza outbreaks in poultry are reportable under the federal Health of 
Animals Act.  On June 21st, the BC Lab identified the virus as H3 and it was 
later confirmed as a Swine Influenza Virus (SIV) H3N2. 

 
b) Four turkey breeder farms operate in the area and all became infected in 

June, 2005. The egg production drops severe and prolonged and resulted in 
three of the four flocks being shipped to market. Turkey breeder flocks in 
other parts of North America have been infected with H3N2 swine influenza 
with similarly devastating drops in egg production. 

 
c) At the beginning of January, 2006, a flock on one of the four farms involved in 

the June, 2005 outbreak experienced a significant production drop. Testing at 
MAFRI’s veterinary laboratory has confirmed the presence of H3N2 swine 
Influenza. Samples have been collected by CFIA for further testing. Egg 
production has been negatively affected in this flock but not to the extent of 
the June 1005 outbreak. This flock has been vaccinated with a vaccine 
designed to help limit the effects of the swine influenza virus. 
 

Interspecies transmission of this virus to turkeys in two geographically distant 
farms in the United States occurred in 2003. This event is of concern, 
considering the reassortment capacity of this virus and the susceptibility of turkey 
to infection by avian influenza viruses. Two H3N2 isolates, A/turkey/NC/16108/03 
and A/turkey/MN/764/03, had 98.0% to 99.9% nucleotide sequence identity to 
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each other in all eight gene segments. All protein components of the turkey 
isolates had 97% to 98% sequence identity to swine H3N2 viruses, thus 
demonstrating interspecies transmission from pigs to turkeys. The turkey isolates 
were better adapted to avian hosts than were their closest swine counterparts, 
which suggest that the viruses had already begun to evolve in the new host. The 
isolation of swine-like H3N2 influenza viruses from turkeys raises new concerns 
for the generation of novel viruses that could affect humans (Choi et al 2004). 
 
Other human/swine adapted influenza viruses have been isolated from turkey 
flocks. Recently an H1N2 influenza virus was isolated from a turkey breeder flock 
in California with a sudden drop in egg production. Sequence analysis of the 
virus showed that it was a complex reassortant virus with a mix of swine-, 
human-, and avian-origin influenza genes. Isolation and identification of the virus 
required the use of nonconventional diagnostic procedures. The virus was 
isolated in embryonated chicken eggs by the yolk sac route of inoculation rather 
than by the typical chorioallantoic sac route. Interpretation of hemagglutination-
inhibition test results required the use of turkey rather than chicken red blood 
cells, and identification of the neuraminidase subtype required the use of 
alternative reference sera in the neuraminidase-inhibition test. This report 
provides additional evidence that influenza viruses can cross species and cause 
a disease outbreak, and diagnosticians must be aware that the variability of 
influenza viruses can complicate the isolation and characterization of new 
isolates (Suraez et al 2002). 
  
Recent virus emergence in swine in the United States suggests that North 
America livestock management practices may be particularly effective at 
nurturing the evolution of new influenza A variants. In 1998 two distinct variants 
of H3N2 simultaneously emerged in intensive swine production areas in the US. 
The North Carolina isolate is the product of genetic reassortment between 
human and swine influenza viruses (double reassortment)  while the Texas, Iowa 
and Minnesota isolates arose from reassortment of human, swine and avian viral 
genes (triple reassortment). The hemagglutinin genes of the four isolates were all 
derived from the human H3N2 virus circulating in 1995 and the genetic events 
were independent (Zhou et al 2000). 
 
Swine origin influenza can infect domestic poultry and cause clinical disease. In 
1998, the Texas triple reassortment H3N2 virus was transmitted to turkeys in two 
geographically distant farms in the United States in 2003 and in Canada in 2005. 
This event is of concern, considering the reassortment capacity of this virus and 
the susceptibility of turkey to infection by avian influenza viruses. Two US 
isolates H3N2 isolates, A/turkey/NC/16108/03 and A/turkey/MN/764/03, had 
98.0% to 99.9% nucleotide sequence identity to each other in all eight gene 
segments. All protein components of the turkey isolates had 97% to 98% 
sequence identity to swine H3N2 viruses, thus demonstrating interspecies 
transmission from pigs to turkeys. The turkey isolates were better adapted to 
avian hosts than were their closest swine counterpart, which suggests that the 



Vulnerability Assessment 
Avian influenza introduction into Manitoba Domestic Poultry 

 66 

viruses had already begun to evolve in the new host. The isolation of swine-like 
H3N2 influenza viruses from turkeys raises new concerns for the generation of 
novel viruses that could affect humans (Choi 2004, Webby 2000). 

 
Infection of turkeys with swine H1N1 viruses has been documented on several 
occasions. This report documents the isolation of an H1N2 influenza virus from a 
turkey breeder flock with a sudden drop in egg production. Sequence analysis of 
the virus showed that it was a complex reassortant virus with a mix of swine-, 
human-, and avian-origin influenza genes. A swine influenza virus with a similar 
gene complement was recently reported from pigs in Indiana. Isolation and 
identification of the virus required the use of nonconventional diagnostic 
procedures. The virus was isolated in embryonated chicken eggs by the yolk sac 
route of inoculation rather than by the typical chorioallantoic sac route. 
Interpretation of hemagglutination-inhibition test results required the use of turkey 
rather than chicken red blood cells, and identification of the neuraminidase 
subtype required the use of alternative reference sera in the neuraminidase-
inhibition test. This report provides additional evidence that influenza viruses can 
cross species and cause a disease outbreak, and diagnosticians must be aware 
that the variability of influenza viruses can complicate the isolation and 
characterization of new isolates (Suarez 2002). 
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SECTION 11 - Most Significant Risk to 
Manitoba Agriculture 
11.1 Risk to Small Flocks 
 
All scientific evidence currently available supports the hypothesis the small flocks 
are a minor risk for remerging highly pathogenic avian influenzas. Once an Avian 
influenza virus becomes highly pathogenic, small flocks may play a minor role in 
disease transmission; however, it is significantly less in magnitude than that risk 
posed by commercial poultry production. 
 
Small flock poultry production has never been demonstrated as the index flock in 
poultry epizootics of HPAI. It is extremely unlikely that small flocks will be 
implicated in any HPAI epizootic until some time after the new virus strain is 
identified in commercial poultry. 

 
Manitoba does not have the live bird markets or large population of domestic 
ducks that has helped the H5N1 strain of avian influenza to persist in Asian. 
 
In general Manitoba has a small poultry population in comparison to other 
countries with an export driven production system.  
 
Commercial poultry production of chickens and turkeys are at higher risk than 
small poultry flocks of becoming infected with HPAI and being the source of 
transmission within their respective production systems. 
 

11.2 Risk to Swine Production 
 
Swine production systems have demonstrated than influenza-A can not be 
excluded even with the forewarning of new strains circulating in the population. It 
is possible that people working with pigs are acting as a biological vector for the 
transmission of influenza-A in swine populations. 
 
Non-swine/human adapted strains should be easier to prevent from entering 
swine populations. Bird adapted strain are less likely to readily replicate and 
spread within the pig industry. 
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11.3  Risk to Poultry from Swine Production 
 
Currently the primary risk to commercial poultry is the presence of human/swine 
adapted H3N2 circulating in Manitoba swine production. The virus can have 
significant impact on turkey breeder flocks but vaccinations are now available 
that appear to provide significant protection. There are no signs that the virus has 
spread to or caused problems in meat- or egg-type chicken flocks. 

 
Human adapted influenza viruses currently circulating in swine are of a potential 
public health risk. 
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SECTION 12 - Most Significant Risk to Public 
Health 
12.1 Summary 
 
Currently the Asian strain of Avian Influenza is a minor public health risk 
should it emerge in domestic poultry production in Manitoba if it remains 
genetically stable.   
 
While estimates are difficult to make and the risk factors associated with 
bird to human transmission are not completely identified the risk to human 
health from Asian Strain H5N1 appears to be far lower in Manitoba that 
other areas of the world. Compared to Asia in addition to the demographic 
factors, the risk to human health is further mitigated by the absence of live 
bird markets and the absence of migratory waterfowl in the winter months. 
The strong veterinary and phytosanitary controls in poultry product 
movement, early disease detection and outbreak control programs also 
work to mitigate human health risks.  
 

12.2 Evidence 
 
So long as the virulence of the current strain of H5N1 remains stable, Manitoba 
has insufficient poultry numbers and insufficient people to have a significant risk 
to human health from the current avian epizootic strain. Using data from Thailand 
as an example (Table 14), an outbreak in commercial poultry in Manitoba would 
provide a low probability of significant human health problems.   

Table 14. Comparison of Annual risk in Manitoba using the Thai Risk Numbers  

People at 
risk 

Rate of flock 
infection 

Number of 
infected 
flocks 

Infection rate in 
people Annual human cases 

Thailand     

63 million 
32 

flocks/million 
people 

1,600 
infected 

flocks each 
year 

7 human cases/ 
1,000 infected 

flocks 
11 people annually 

Manitoba     

1.2 million 

Assume 
same as 
Thailand 
epidemic 

38 flocks 
infected 
annually 

Assume same 
infection rate as 

in Thailand 

1 human case every 
250 years if poultry 

outbreak left 
uncontrolled 
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The high risk period for human contact with infected birds or swine will be in the 
agricultural surrounding prior to the identification of a HPAI. 
 
While the odds of human infection are low, Manitobans will be concerned by the 
sight of sick or dead wild birds if the Asian H5N1 strain of avian influenza 
emerges in wild waterfowl. At least a small percentage of infected Canada Geese 
would be expected to display nervous signs or death. These large animals 
congregate in the same areas where people are found and sick or dead birds will 
be obvious. Urban areas such as Winnipeg are major staging grounds for 
Canada Geese with the city home to 150,000 Canada Geese during the fall 
migration. If even just 5% of Canada Geese display symptoms, significant 
number sick birds will be visible to the general public.  
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