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Abstract

Traditionally, the epidemiology of avian influenza viruses (AIVs) in wild birds has been defined 

by detection of virus or viral RNA through virus isolation or reverse-transcription polymerase 

chain reaction. Our goals were to estimate AIV antibody prevalence in Canada geese (Branta 
canadensis) and measure effects of age and location on these estimates. We collected 3,205 

samples from nine states during June and July 2008 and 2009: Georgia, Massachusetts, Minnesota, 

Mississippi, New Jersey, North Carolina, Pennsylvania, Washington, and West Virginia. Serum 

samples were tested for AIV antibodies with the use of a commercial blocking enzyme-linked 

immunosorbent assay. Overall, 483 (15%) Canada geese had detectable antibodies to AIV. 

Significantly higher prevalences were detected in geese collected from northeastern and upper 

midwestern states compared with southeastern states. This trend is consistent with results from 

virus isolation studies reporting AIV prevalence in North American dabbling ducks. Within 

Pennsylvania, significantly higher antibody prevalences were detected in goose flocks sampled in 

urban locations compared to flocks sampled in rural areas. Antibody prevalence was significantly 

higher in after-hatch-year geese compared to hatch-year geese. No significant differences in 

prevalence were detected from 10 locations sampled during both years. Results indicate that 

Canada geese are frequently exposed to AIVs and, with resident populations, may potentially be 

useful as sentinels to confirm regional AIV transmission within wild bird populations.
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Virus isolation and reverse-transcription polymerase chain reaction (RT-PCR) have been 

the primary tools used to advance our understanding the epidemiology of avian influenza 

viruses (AIVs) in wild bird populations (Olsen et al., 2006; Munster et al., 2007); however, 

both are only effective during the limited time when birds are shedding virus. Recently, 

a commercial blocking enzyme-linked immunosorbent assay (bELISA) was validated for 

use in wild birds, and Brown et al. (2009) suggested that serologic testing of wild birds 

could provide supportive data to advance our current understanding of AIV epidemiology, 

especially where viral detection is difficult.

Canada geese (Branta canadensis) are experimentally susceptible to infection and mount a 

detectable antibody response, but virus shedding is brief (up to 6 days; Pasick et al., 2007) 

and reported viral detection prevalence estimates are consistently low (<2%; Winkler et al., 

1972; Hinshaw et al., 1986; Harris et al., 2010). In the United States, Canada geese are 

numerous and exist as resident populations over much of their range (Hestbeck, 1995). They 

also are found in all 50 states, utilize the same habitats as dabbling ducks (a recognized 

reservoir for AIVs), and are frequently and easily captured for relocation, banding, and for 

nuisance removals. Our objectives were 1) to determine regional and local differences in 

AIV antibody prevalence in resident Canada geese within the United States, and 2) to assess 

the potential to utilize serologic testing of resident Canada geese as a sentinel system to 

detect regional or local AIV transmission.

In June and July 2008 and 2009, we collected serum from 3,205 Canada geese from 

multiple locations in nine states (Table 1) during banding and nuisance removal. In addition, 

we collected and preserved combined cloacal/oropharyngeal swabs during both years as 

previously reported (Swayne et al., 2008). Serum samples were tested for AIV antibodies 

with a bELISA (IDEXX Laboratories, Westbrook, Maine, USA). Cloacal and oropharyngeal 

swabs were tested at the National Animal Health Laboratory Network with the use of a 

real-time RT-PCR targeting the matrix gene (Spackman et al., 2002). All work was approved 

by the University of Georgia Animal Care and Use Protocol A2010 06–101.

To understand local variation better, we sampled 10 locations in 2008 and 2009. In five 

of the locations the geese were euthanized and in the other five locations the geese were 

released back on location (n=5 southeastern Pennsylvania and n=5 southern New Jersey). 

In addition, we categorized Pennsylvania locations sampled in 2009 into urban (n=15) and 

rural (n=13) categories with the use of ArcMap v10 (ESRI, Redlands, California, USA) 

and a Pennsylvania Department of Transportation urban boundaries map, which bases urban 

and rural categories on population numbers from the US Census Bureau. We used 2009 

Pennsylvania locations for this analysis because of the number of locations (n=28), and we 

were able to sample locations across the entire state.

We used population-averaged generalized estimating equations (GEE) logistic regression to 

compare differences in antibody prevalence estimates on a regional scale (by latitude, Table 
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2), between years (Table 2), and on a local scale with the use of the 10 locations sampled in 

both years and urban vs. rural data from Pennsylvania 2009 (Table 3). We used population-

averaged GEE because it accounts for clustering of sample locations. (Hanley et al., 2003) 

and significance was based on 95% confidence intervals for the odds ratio. In addition, we 

used a χ2 test for independence to compare antibody prevalence in after-hatch-year geese 

and hatch-year geese.

We detected antibodies in 483 (15%) of 3,205 Canada geese by the bELISA and the AIV 

matrix gene in six (0.9%) of 685 cloacal/oropharyngeal swabs (Table 1).

We found higher antibody prevalence in after-hatch-year geese (n=2,391) compared with 

hatch-year geese (n=518; 17% and 1.9% respectively, χ2=78.7, P<0.001).

When we analyzed the data on a regional scale, geese sampled at higher latitudes had 

significantly higher antibody prevalence than those sampled at the lowest latitude, but we 

detected no significant differences between 2008 and 2009 (Table 2). When we analyzed the 

data on a local scale we found no differences among the 10 locations sampled in both years, 

regardless if the birds were released or euthanized (Table 3). We did, however, detect higher 

antibody prevalence in urban sample locations than rural locations sampled in Pennsylvania 

in 2009 (Table 3).

Our work is the first large-scale study to show that Canada geese are frequently exposed to 

and develop antibodies to AIVs; however, consistent with previous studies (Winkler et al., 

1972; Hinshaw et al., 1986), we detected a low prevalence of viral infection in geese. The 

increase in antibody prevalence with latitude follows the similar trends of virus isolations 

seen consistently in North American dabbling ducks (Hinshaw et al., 1985; Stallknecht et 

al., 1990), suggesting a common source. These regional trends were consistent between 

years, as evidenced by a failure to detect differences in antibody prevalence at 10 locations 

sampled in both years. Although we were unable to detect significant differences between 

2008 and 2009, our results indicate that there are small fluctuations in antibody prevalence 

between years, and our sample size may not have been sufficient to detect significant 

differences.

On a local (within state) scale, differences in antibody prevalence were detected with 

higher prevalence estimates from geese sampled in urban compared to rural areas. Only 

data from Pennsylvania were used for this analysis because sample sizes from other states 

were not sufficient. However, a relatively high (compared to other southeastern states) 

antibody prevalence was observed in 8 of 10 sites in Georgia that were within the Atlanta 

metropolitan area. These observed prevalence differences may reflect a true difference in 

transmission or an artifact, such as increased survival of geese in urban areas (Balkcom, 

2010). With regard to the latter, however, the duration of the detectable immune response 

in naturally infected Canada geese is unknown. The detection of antibodies in hatch-year 

birds sampled in June and July was unexpected, especially in southern locations where 

geese have been consistently negative by virus isolation (Harris et al., 2010). These positive 

results could have resulted from a very low level of transmission during late spring and 

early summer or passive transfer of antibodies as described in gulls and geese (Bönner et al., 
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2004; Velarde et al., 2010). The local variation in antibody prevalence we detected should be 

analyzed with caution because some flocks undergo molt migrations (Dieter and Anderson, 

2009) and other movements (Dunton and Combs, 2010) that can affect exposure in geese. 

In addition, differences in local habitat, such as water temperature and macroinvertebrate 

community, may play a role in exposure to AIVs at local levels (Nazir et al., 2011; Abbas et 

al., 2012).

Our regional AIV antibody prevalence estimates from Canada geese reflect a distribution 

that is consistent with AIV isolation trends in North American ducks. We believe that 

Canada geese could be used as an inexpensive serologic sentinel system to monitor regional 

trends in AIV transmission. Major disadvantages of this approach include a lack of subtype 

or virusspecific (e.g., H5N1) data and the acquisition of isolates for characterization. For 

this reason, we believed that such a system should be further evaluated as a supplement to 

guide traditional virus-detection–based surveillance approaches, but not as a replacement. 

On a local scale, the utility of this system is questionable. We were able to detect differences 

at the state level and smaller; however, the detection of this variation deserves additional 

attention. If the local differences we detected are related to differences in transmission 

potential across the landscape, understanding these differences could provide a better 

understanding of the risk to both domestic animals and humans.
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