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ABSTRACT

Steller’s eiders (Polysticta stelleri) and other sea duck species have undergone 

population declines in recent decades, and the causes for the declines remain largely 

unknown. As part of a study to investigate the role of disease in sea duck population 

declines, I further characterized Steller’s eider humoral immunity by quantifying total 

serum immunoglobulin Y (IgY). Baseline values of total serum IgY were determined for 

a captive flock of Steller’s eiders housed at the Alaska SeaLife Center using species- 

specific assays. There were no significant differences in total serum IgY between males 

and females or between seasons (molt and winter) for captive birds. For free-ranging 

Steller’s eiders, mean total serum IgY was significantly higher during molt and mid

winter compared to captive baseline values, suggesting increased disease exposure. As a 

further investigation of the humoral immune response, experimental inoculations (low 

pathogenicity avian influenza and adenovirus) were conducted in mallards (Anas 

platyrhyncus) as a surrogate species. Quantification of total serum IgY from captive 

Steller’s eiders provides a baseline for comparative studies of total serum IgY from free- 

ranging Steller’s eiders. This study also provided first quantitative information about 

circulating IgY in free-ranging Steller’s eiders.
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GENERAL INTRODUCTION

Many Alaskan sea duck populations have undergone declines in recent decades, 

and the causes for the declines are largely unknown. In conjunction with ongoing disease 

surveys to evaluate presence and distribution of sea duck viruses in Steller’s eiders 

(Polysticta stelleri) and sympatric sea duck (Mergini) species (T. Hollmen, personal 

communication), this study further characterizes the sea duck immune system, evaluating 

the immune status of Steller’s eiders by quantifying total serum immunoglobulin Y 

(IgY). In addition, I evaluate the humoral immune response to two avian influenza (AI) 

viruses isolated from a Steller’s eider and a northern pintail (Anas acuta) and an 

adenovirus isolated from a long-tailed duck (Clangula hyemalis) by quantifying total 

serum IgY, and using mallards (Anasplatyrhynchos) as a surrogate species.

Steller’s eider. Steller’s eiders (Family Anatinae, Tribe Mergini) are holarctic 

diving sea ducks that winter in coastal marine waters of Russia, northern Europe and 

Alaska and breed on the coastal tundra of Russia and Alaska. There are two recognized 

populations of Steller’s eiders, the Atlantic and the Pacific, the latter of which was 

estimated to be 138,000 birds in 1992 (US Fish and Wildlife Service 2002), although may 

currently be lower. The majority of the Pacific population molts on the north coast of the 

Alaska Peninsula, and although the body molt can last several months, the birds are 

flightless for approximately three weeks in September during flight feather molt 

(Petersen 1981). The population then disperses to a number of wintering sites including 

the Aleutian chain, the Alaska Peninsula and Kodiak. Pacific Steller’s eiders breed 

primarily on the Russian Arctic coast as far west as the Taymyr Peninsula (Nygard et al. 

1995), although a small number nest in Alaska. This Alaskan breeding population of 

Steller’s eiders was listed as threatened under the US Endangered Species Act in 1997 

due to dramatic declines in nesting ranges of birds on the Arctic coast and the Yukon- 

Kuskokwim Delta in western Alaska (US Fish and Wildlife Service 1997).

Experim ental surrogate species. Mallards were used in experimental 

inoculations as a surrogate for Steller’s eiders, primarily due to the threatened status of 

Steller’s eiders. Mallards (Family Anatinae, Tribe Anatini) are an abundant migratory
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species from which many varieties of domestic ducks are derived. They are ubiquitous in 

North America with an extensive range, and are found in mixed waterfowl flocks in a 

wide variety of urban, rural and wilderness habitats (Drilling et al. 2002). They are 

considered to be a potential long-distance carrier of AI due to their extensive range, 

association with many species of waterfowl, and lack of symptoms when exposed 

experimentally to low pathogenicity AI (LPAI) strains (Keawcharoen et al. 2008). 

Mallards were used as surrogates for several reasons. They are available from captive 

sources and their requirements for maintenance in captivity are established. They belong 

to the same taxonomic family as sea ducks, with a relatively similar body size.

Viral host species. An influenza virus isolated from a northern pintail was used in 

experimental inoculations to compare the humoral immune response to a virus isolated 

from a dabbling duck (northern pintail: Family Anatinae, Tribe Anatini) versus a sea duck 

(Steller’s eider: Family Anatinae, Tribe Mergini). Like mallards, northern pintails have 

an extensive range and congregate in mixed species flocks (Austin & Miller 1995). 

Northern pintails are long-distance migrants, within Asia, within North America, and 

between the continents. Recent evidence from northern pintails sampled in Alaska 

suggests that Alaska is a crossroads for inter-continental exchange of LPAI viruses 

(Koehler et al. 2008). The high prevalence of re-assortment between Asian and North 

American LPAI strains detected in Alaskan northern pintails supports the role of northern 

pintails, and likely sympatric waterfowl, in spread of AI and other viral diseases (Koehler 

et al. 2008).

Similarly, an adenovirus isolated from a long-tailed duck (Family Anatinae, Tribe 

Mergini) was used in experimental inoculations in mallards. Long-tailed ducks have an 

extensive range, utilizing temperate and sub-arctic wintering areas in North America, 

Greenland, and Asia (Robertson & Savard 2002). They are sympatric with Steller’s eiders 

during the breeding and winter seasons, but not during the molt, as they undergo a 

flightless molt in large flocks in the Arctic each fall (Robertson & Savard 2002).

Disease in waterfowl. Diseases in waterfowl contribute directly and indirectly to 

mortality and may cause population declines or prevent populations from recovering
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(Friend 2006). Waterfowl epizootics have included avian cholera in long-tailed ducks and 

other waterfowl in Chesapeake Bay in 1970, and avian botulism type E, which killed 

thousands of long-tailed ducks in Lake Erie in 2000 and 2002 (Friend 2006). Avian 

influenza and West Nile virus are primarily avian diseases, but have raised alarms in the 

medical community and the public due to a number of human deaths world-wide (Centers 

for Disease Control and Prevention 2007). New, emerging, re-emerging and endemic 

diseases and disease agents continue to be discovered, often due to large mortality events 

in waterfowl (Friend 2006).

There are many infectious and non-infectious diseases described in ducks. Avian 

botulism type E, a non-infectious disease caused by a biotoxin produced by the bacterium 

Clostridium botulinum, kills quickly and is a major source of mortality in migratory birds 

in North America, where it was likely introduced in the 1880’s (Baldassarre & Bolen 

2006). Avian cholera is caused by the bacterium Pasteurella multocida and is highly 

infectious among waterfowl as well as domestic poultry (Friend 2006). Cholera is 

transmitted through water or by direct contact between individuals, kills quickly in large 

epizootics worldwide, and surviving birds are known to be effective carriers. Immune 

suppression or nutritional stress may predispose birds to cholera, as has been reported in 

waterfowl ingesting immunosuppressive mycotoxins from waste corn. Botulism and 

cholera outbreaks can be lessened in number and intensity by management techniques, as 

environmental manipulation, such as water levels and overcrowding, have been identified 

as contributing factors (Baldassarre & Bolen 2006).

Among the infectious viral diseases in ducks are duck plague, infectious bursal 

disease virus (IBDV), reovirus and adenovirus. Duck plague, known in North America 

only since 1967, is caused by a herpesvirus and infects only ducks, geese and swans. It is 

not yet considered to be endemic, but reservoirs likely exist in domestic and captive 

flocks. Duck plague causes death within two weeks, and birds surviving initial infection 

can shed live virus for years, serving as effective carriers (Baldassarre & Bolen 2006).

IBDV, a member of the family Birnaviridae, is one of the most important viruses 

of domestic poultry world-wide although little is known about prevalence in free-ranging
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birds. IBDV targets the developing lymphoid tissues in ducklings, primarily the bursa of 

Fabricius, compromising the immune system and causing tissue damage leading to severe 

immunosuppression. Hollmen and Franson (2000) measured seroprevalence of antibodies 

to IBDV in a threatened population of spectacled eiders in Alaska, a declining population 

of common eiders in Finland, and herring gulls feeding on poultry waste at landfills in 

Finland. Although seroprevalence was high among herring gulls and common eiders near 

waste landfills, suggesting gulls as possible carriers, the authors found positive titers in 

7% of common eiders sampled in remote areas off the coast of Finland, and in 9% of 

spectacled eiders sampled in Alaska, where landfills are rare and therefore not a likely 

source of virus. Although the pathogenicity in free-ranging birds is currently unknown, 

the authors speculate that IBDV-induced immunosuppression in ducklings may 

contribute to population declines or failure of these populations to recover.

Avian reovirus was characterized in 1957, initially as the cause of viral arthri

tis/tenosynovitis, and subsequently enteric diseases in young chickens. The virus also 

caused myocarditis and hepatitis in chickens upon experimental infection. Reovirus is 

transmitted through the egg, and has been shown to reduce hatchability due to embryonic 

death and a high incidence of early disease (van der Heide 2000). A novel reovirus was 

isolated from common eiders (Somateria mollissima) during a 1996 die-off of ducklings 

in a nesting area in the Gulf of Finland. Post mortem findings in the common eider 

mortality included poor body condition and liver and bursa necrosis in virus-positive 

ducklings, leading to the suggestion that the reovirus may have contributed to duckling 

deaths through immunosuppressive effects (Hollmen et al. 2002).

Two adenoviruses have been described in sea ducks. An adenovirus was 

associated with a large die-off in common eider males in the Baltic Sea in which the 

cause of mortality was attributed to intestinal impaction (Hollmen et al. 2003a). The 

outbreak occurred just after the start of nesting, when males feed intensively in large 

flocks to regain body mass lost during courtship, increasing the potential for viral 

transmission. The males are generally in poor body condition at the start of incubation, as 

compared to females who continue to feed during courtship. The adenovirus, isolated
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from cloacal samples, was determined to be a likely cause for the mortality event, 

although the clinical signs and outcome were probably exacerbated by poor body 

condition and secondary infection.

A second sea duck adenovirus isolated from a long-tailed duck was associated 

with a mortality event in the Beaufort Sea during the molt, when long-tailed ducks 

congregate in large, flightless flocks. Hollmen et al. (2003b) isolated the virus from the 

intestine of a duck carcass collected during the die-off, which had enteric lesions. While 

the virus itself did not appear to be immunosuppressive, the authors speculate that, based 

on an experimental infection resulting in diminished clinical symptoms compared to the 

free-ranging bird outbreak, the virulence may have been exacerbated by depressed 

immunity and nutritional stress during the energetically-demanding molt.

Avian immunity. The vertebrate immune system is characterized by humoral and 

cell-mediated components, each producing specialized, antigen-specific immune cells 

called B-cells and T-cells, respectively (Paul 1993). B-cells are produced in the bone 

marrow in mammals and in the bursa of Fabricius in birds, while T-cells originate in the 

thymus of vertebrates (Glick 2000). The duck immune system is similar to other birds, 

with the exception that they possess a more highly developed lymphatic system, 

including lymph nodes (Lundqvist et al. 2006). Although there is evidence of differences 

in immunity between males and females in some sea ducks, at least during incubation, 

much of the initial work has been in common eider (Somateria mollissima) females, who 

forego foraging during incubation leading to dramatic losses in body mass and body 

condition (Hollmen et al. 2001; Hanssen et al. 2005; Bourgeon et al. 2006).

Immunology is an important area of avian research, particularly in declining 

populations where the causes of the decline are unknown. Quantifying and describing 

immune status, however, is difficult in free-ranging birds when species-specific baseline 

values have not been established. Differential effects of age, season, and sex must be 

established for each species before immune status in free-ranging birds can be 

determined.
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Duck IgY. Antibodies are glycoproteins produced in large quantities by B-cells, 

and make up a large fraction of vertebrate serum proteins. They are composed of a unique 

and specific antigen-binding site, called the variable region, and a constant region. The 

vast diversity of antigen-binding sites is generated by genetic recombination. The 

variable region is structurally supported by constant regions, and antibodies are 

categorized into classes or isotypes by the structure and function of their constant regions. 

The Fragment crystallizable (Fc) region, at the terminus of the constant region of 

mammalian and most avian antibodies, initiates effector functions resulting in destruction 

or neutralization of the antigen by the action of support molecules and cells of the 

immune system. Binding of the antibody with an Fc region to an antigen, i.e. virus or 

other disease or foreign agent, can initiate a cascade of molecular events with successive 

binding of the complement cascade, C1 through C9, resulting in formation of the 

membrane attack complex followed by phagocytosis or other mechanisms of cellular 

destruction (Paul 1993; Sharma 1997; Glick 2000).

In a generalized vertebrate antibody response, an initial immunoglobulin M (IgM) 

response is followed by an immunoglobulin G (IgG) response that creates the capacity 

for immunological ‘memory’. Birds have three classes of antibody, IgY, IgM and 

immunoglobulin A (IgA) (Lundqvist et al. 2006). Avian IgY is structurally distinct yet 

functionally homologous to mammalian IgG, which has three constant domains in its 

secreted form, as compared to four in IgY (Lundqvist et al. 2006). The “IgY” 

nomenclature for avian, reptilian and amphibian IgG-like antibodies was first proposed in 

1967 (Leslie & Clem 1969), and, although widely accepted, is still used synonymously 

with “IgG” by some authors. In mallards, Muscovy and Pekin ducks, IgY is produced by 

B cells in three forms, a transmembrane form, a full-length molecule with four constant 

regions, and a truncated form known as IgY delta Fc (AFc) with two constant regions 

(Grey 1967; Magor et al. 1992). The truncated IgY, formed by alternative splicing of the 

mRNA, lacks an Fc region (Magor et al. 1992) and has been shown to be deficient in 

effector functions (Grey 1967; Lundqvist et al. 2006). IgY (AFc) is believed to be 

common in duck species (Lundqvist et al. 2006), although a comprehensive survey is not
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available. Full-length IgY has been reported as 70-80% of total serum IgY in normal 

mallards, with the truncated form predominating later in the immune response (Lundqvist 

et al. 2006), although the ratio of IgY to IgY (AFc) can be highly variable (Grey 1967).

The full-length form of IgY is the primary antibody transferred to the duck 

embryo via the egg yolk, providing passive immunity to hatchlings during immune 

development (Kowalczyk et al. 1985; Lundqvist et al. 2006). Chickens achieve 

immunological maturity several weeks post-hatch, although embryos are capable of 

mounting an immune response (Sharma 1997). Egg yolk concentrations of chicken IgY 

were reported by Kowalczyk et. al (1985) as 7.9 mg/ml. Serum IgY in laying hens is 5-15 

mg/ml (Kowalczyk et al. 1985); the authors observed that the concentration of IgY in egg 

yolk is similar but always less than the concentration of maternal serum IgY. They 

further calculated the maternal loss of IgY, based on a 36 hour half-life, to be 10-20% per 

day above the 30-40% daily turnover sustained by both hens and roosters, whose serum 

IgY averaged 6 mg/ml (Kowalczyk et al. 1985). In ducks, serum IgY has been reported at 

2-5 mg/ml (Lundqvist et al. 2006), without specification as to age, sex or season. 

Synthesis of IgY and IgY (AFc) is detectable several days after hatch in Pekin ducklings 

(Bando & Higgins 1996).

Duck serum antibodies are produced in large quantity and bind antigen well, and 

therefore can neutralize an antigen. Ducks appear, however, to be deficient in secondary 

biological effector functions, including precipitation, agglutination, complement fixation 

and opsonization, likely due to the presence in serum of IgY (AFc) lacking a Fc region 

(Grey 1967; Lundqvist et al. 2006). It is interesting to speculate on the usefulness of a 

molecule that can, as Parnham (1995) has described, “obstruct, bully, inhibit and cajole, 

but...cannot dispatch”. In one study, the authors suggested that the “biological 

inefficiency” of the IgY (AFc) may have contributed to the extinction of species 

possessing it, possibly explaining the limited distribution of the molecule among avian 

species (Magor et al. 1994). They describe ducks as “highly susceptible” to infection, 

postulating that domestication may have played a role in saving ducks from extinction. 

This may be plausible for domesticated mallards, Pekin and Muscovy ducks, with which
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the study was conducted, but free-ranging mallards are ubiquitous with an extensive 

range. How widespread IgY (AFc) is among other free-ranging ducks, including sea 

ducks, is currently unknown. The authors further speculated, however, that a potential 

benefit of IgY (AFc) may be in dampening overactive immune responses. IgY is ancestral 

to mammalian immunoglobulin E (IgE), a molecule responsible for hyperactive immune 

responses which threaten the host. Like IgE, IgY may be capable of anaphylaxis (Faith & 

Clem 1973), which suggests the possible role for IgY (AFc) as an antibody capable of 

inhibiting disease agent replication by binding antigen, yet protecting the host from an 

overactive immune response by preventing the complement cascade. Parnham (1995) 

further suggested that IgY (AFc) may afford ducks “a more friendly relationship to 

viruses” than in other vertebrates, citing ducks as hosts to a reservoir of avian influenza 

viruses. Ducks are gregarious, allowing for effective disease transmission, and their 

aquatic environment provides a hospitable medium for a wide variety of disease agents 

(Baldassarre & Bolen 2006), which is consistent with a diminished duck immune 

capacity. While ducks may in fact prove more susceptible to infection than species 

lacking IgY (AFc), their infections may be overall less virulent, as in avian influenza 

infections, due to effective inhibition of multiplying microbes achieved by antigen 

binding in the absence of complement fixation made possible by neutralizing IgY (AFc), 

and/or by decreased immune hyperactivity. Further investigation of the complex 

relationships between immune system components in the duck will likely reveal 

predominantly beneficial, rather than deleterious or maladaptive, functions of the IgY 

(AFc), which will serve as an important foundation for the study of ecological 

relationships between ducks and their parasites.

Hum oral imm unity as m easured by total serum IgY. There have been few 

investigations of total serum IgG/IgY as a measure of vertebrate humoral immune status. 

The interpretation of total serum IgY in relation to avian immune status has been 

described as “contentious”, and requiring of a large baseline data set of multiple species 

under different environmental conditions (Martinez et al. 2003). A study in common terns 

(Apanius & Nisbet 2006) found that total serum IgY levels correlated positively with
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breeding success, and attributed increased IgY to immune competence, suggesting that 

“selection favors enhanced self-maintenance” in this long-lived vertebrate. Another study 

found that migrating thrushes had reduced lymphocyte counts and other indications of 

reduced overall immunity, but similar total serum IgY levels as compared to non- 

migratory thrushes (Owen & Moore 2006). The authors suggested that, during 

energetically intense activity, immune components may be differentially suppressed and 

may leave migrating birds susceptible to pathogens. There is experimental evidence of a 

homeostatic set-point in lab animals and humans for IgG/IgY levels (Waldmann & 

Strober 1970), with individual variability that has been shown to be heritable in poultry 

(Rees & Nordskog 1981) and variable by age, race and sex in humans (Buckley &

Dorsey 1971). An environmental component to IgG variability has been demonstrated in 

at least one human study, where decreased IgG was measured in military subjects 

engaged in energetically demanding activities (Boyum et al. 1996). It is therefore 

necessary to quantify variation in baselines between individuals (i.e. sex, age and 

environmental stressors), and between species (i.e. longevity and reproductive strategy) 

before total serum IgY levels can be used to infer humoral immune status.

Total serum IgY in response to infection. To investigate the role of disease in 

population declines of Steller’s eiders and other sympatric sea duck species, a 

comprehensive survey of the presence and distribution of sea duck viruses in Alaska 

among seasons, populations and species is underway (T. Hollmen, personal 

communication). The potential for exposure and susceptibility of Steller’s eiders to 

viruses is of interest for several reasons. First, Steller’s eiders congregate in large, 

cohesive flocks representing substantial portions of the population during the molt, 

rendering them susceptible to large mortality events that may have population-level 

effects on this threatened species. Second, Steller’s eiders are transcontinental migrants, 

with the potential for exposure to and transport of new and harmful disease agents. Third, 

Steller’s eiders winter in a harsh climate with severe storms, low temperatures, and ice 

cover which can prevent access to preferred feeding areas (Metzner 1993). If winter 

conditions prevent access to food resources or require increased energy output for
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foraging, increased stress and/or decreased body condition may result (Baldassarre & 

Bolen 2006), which may in turn increase viral disease susceptibility.

There have been few investigations of infectious disease as a factor in total serum 

IgG/IgY variability. One study reported increased total serum IgG in children with 

recurrent respiratory conditions (Isaacs et al. 1984), and some diseases, such as 

lymphocytic choriomeningitis virus (LCMV) in mice (Recher et al. 2004) and infectious 

Aleutian mink disease in ranch-raised mink (Bloom et al. 1994) have been shown to 

cause dramatic increases in total serum IgG, known as hypergammaglobulinemia. It is 

not known whether the antigen-specific antibody response elicited by viral infections 

causes a measurable increase in total serum IgY above baseline levels, although it is 

likely to be highly variable and species and pathogen specific (Burton 2002; Hangartner 

et al. 2006).

Study objectives. This study aims to further characterize humoral immunity in a 

sea duck species by quantifying total serum IgY. I hypothesize that baseline humoral 

immune status changes with physiological season (molt and winter) and differs between 

sexes, and can be quantified by measuring concentrations of total serum IgY in free- 

ranging birds as compared to captive bird baseline values. By using samples from a 

healthy, captive flock of adult Steller’s eiders, I can establish baseline values for sex and 

season. In addition to baseline humoral immunity, this study seeks to investigate the 

humoral immune response to viruses in ducks, as a step toward understanding viral 

effects and the potential role of viruses in Steller’s eider population declines. By 

determining baseline levels and the effect of various factors influencing total serum IgY 

in Steller’s eiders including sex and season, I hope to further our understanding of 

humoral immune baselines and humoral responses to viral infection.

The objectives of this study were to

1. Design and validate an enzyme-linked immunosorbant assay (ELISA) to quantify 

Steller’s eider total serum IgY.

2. Establish species-specific baseline values for Steller’s eider total serum IgY, 

using serial samples collected from a captive flock of Steller’s eiders monitored
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for health and body condition for two physiologically important seasons, molt and 

winter, and for males and females.

3. Evaluate total serum IgY of free-ranging Steller’s eiders in reference to baseline 

values as a measure of immune status.

4. Establish total serum IgY immune response profiles for mallards experimentally 

inoculated with low pathogenicity influenza viruses isolated from a Steller’s eider 

and a northern pintail at the USGS National Wildlife Health Center.

5. Establish total serum IgY immune response profiles for mallards experimentally 

inoculated with an adenovirus isolated from a long-tailed duck.
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CHAPTER 1:

A quantitative approach to determining humoral immune status in Steller’s eiders using

total serum IgY

ABSTRACT

Steller’s eiders (Polysticta stelleri) and other sea duck species have undergone 

population declines in recent decades, and the causes for the declines remain largely 

unknown. To develop methods to assess health and disease impacts on eiders, we 

characterized Steller’s eider humoral immunity by quantifying total serum 

immunoglobulin Y (IgY). We developed species-specific assays to quantify total serum 

IgY and determined baseline values from a captive flock of Steller’s eiders at the Alaska 

SeaLife Center in Seward, Alaska in 2004-2006. No significant differences were found in 

total serum IgY between males and females or between molt (August-September) and 

winter (January-March) seasons in captive birds. In free-ranging Steller’s eiders sampled 

at Izembek Lagoon and Unalaska Island over the same general time period (2004-2006), 

mean total serum IgY was significantly higher during the molt (August-September) and 

mid-winter (January) compared to captive baseline values. Free-ranging Steller’s eiders 

had significantly higher levels of IgY in mid-winter as compared to late winter or molt. 

By quantifying total serum IgY from captive Steller’s eiders, we have created a relevant 

context for total serum IgY data from free-ranging Steller’s eiders toward our further 

understanding of population-level immune status in Alaska’s sea ducks throughout their 

annual cycle.
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INTRODUCTION

Many Alaskan sea duck populations, including Steller’s eiders (Polysticta stelleri) 

have undergone declines in recent decades (Kertell 1991; Flint & Grand 1999; Dau et al. 

2000; Larned 2001; Sea Duck Joint Venture 2003). Steller’s eiders are diving sea ducks 

that winter in coastal marine waters of Russia, northern Europe and Alaska and breed on 

the coastal tundra of Russia and Alaska (Jones 1965; Petersen 1981; Kertell 1991; 

Metzner 1993; Dau et al. 2000). There are two recognized populations of Steller’s eiders, 

the Pacific and the Atlantic (Palmer 1976; Pearce et al. 2004, 2005), and their combined 

population was estimated to be 400,000-500,000 birds in the 1960s (Palmer 1976). The 

Pacific population was recently estimated to be 138,000 birds (US Fish and Wildlife 

Service 2002) and may currently be lower. The Pacific population of Steller’s eiders 

breeds primarily on the Russian Arctic coast (Nygard et al. 1995) although a small 

number nest in Alaska. The Alaskan breeding population has declined significantly and 

was listed as threatened under the US Endangered Species Act in 1997 (US Fish and 

Wildlife Service 1997). After the breeding season, Pacific Steller’s eiders congregate for 

the molt in large, dense flocks at sites including the north coast of the Alaska Peninsula at 

Izembek and Nelson lagoons (Jones 1965; Petersen 1980, 1981; Metzner 1993).

Although the entire molt can last several months, the birds are flightless for 

approximately three weeks in September during flight feather molt (Petersen 1981). Birds 

then disperse to a number of wintering sites including the Aleutian chain, the Alaska 

Peninsula and Kodiak (Jones 1965; Metzner 1993).

To investigate the role of disease in population declines of Steller’s eiders and 

other sympatric sea duck species, a comprehensive survey of the presence and 

distribution of sea duck viruses in Alaska among seasons, populations and species is 

underway (T. Hollmen, personal communication). In conjunction with the virus survey, 

the present study further characterizes the Steller’s eider humoral immune system. It is 

important to understand the specifics of the sea duck humoral immune response to 

viruses, as viral infection can occur throughout a duck’s life and have differential effects 

on species, sexes or age classes sharing the same areas (Hollmen et al. 2002; Hollmen et
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al. 2003). While viral infections alone may not result in mortality, if  immunity is reduced 

due to seasonal changes, or compromised by environmental or anthropogenic events, 

including oil spills, contaminants, or nutritional stress, a viral outbreak may cause die

offs.

Humoral immunity is characterized by production of serum antibodies by B-cells. 

Antibodies, or immunoglobulins, are glycoproteins, and comprise a large fraction of 

vertebrate serum proteins. In a generalized vertebrate antibody response, an initial 

immunoglobulin M (IgM) response is followed by an immunoglobulin G (IgG) response 

that creates the capacity for immunological ‘memory’. Birds have three classes of 

antibody, immunoglobulin Y (IgY), IgM and immunoglobulin A (IgA) (Lundqvist et al. 

2006). Avian IgY is structurally distinct yet functionally homologous to mammalian IgG 

(Lundqvist et al. 2006). In mallards, Muscovy and Pekin ducks, IgY is produced by B 

cells in three forms, a transmembrane form, a full-length molecule with four constant 

regions, and a truncated form known as IgY delta Fragment crystallizable (AFc) (Grey 

1967; Magor et al. 1992). The truncated IgY, formed by alternative splicing of the 

mRNA, lacks an Fc region (Magor et al. 1992) and has been shown to be deficient in 

effector functions (Grey 1967; Lundqvist et al. 2006).

IgY (AFc) is believed to be common in duck species (Lundqvist et al. 2006), 

although a comprehensive survey is not available. Duck total serum antibodies are 

produced in large quantity and bind antigen well, and therefore can neutralize an antigen. 

Ducks appear, however, to be deficient in secondary biological effector functions, 

including precipitation, agglutination, complement fixation and opsonization, likely due 

to the presence in serum of IgY (AFc) lacking a Fc region (Grey 1967; Lundqvist et al. 

2006). Full-length IgY has been reported as 70-80% of total serum IgY in normal 

mallards, with the truncated form predominating later in the immune response (Lundqvist 

et al. 2006), although the ratio of IgY to IgY (AFc) can be highly variable (Grey 1967). 

The full-length form of IgY is the primary antibody transferred to the duck embryo via 

the egg yolk, providing passive immunity to hatchlings during immune development 

(Kowalczyk et al. 1985; Lundqvist et al. 2006).
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Immunology is an important area of avian research, particularly for declining 

populations where the causes of the decline are unknown. Quantifying and describing 

immune status, however, is difficult in free-ranging birds when species-specific baseline 

values have not been established. Differential effects of season and sex, as well as 

breeding status, environmental and nutritional stress and infection or inflammation must 

be established for each species before immune status in free-ranging birds can be 

determined (Martinez et al. 2003).

This study aims to further characterize humoral immunity in a sea duck species by 

quantifying total serum IgY. We hypothesize that baseline humoral immune status 

changes with physiological season (molt and winter) and differs between males and 

females, and can be quantified by measuring concentrations of total serum IgY in free- 

ranging birds as compared to captive baseline values. By using a healthy, captive flock of 

adult Steller’s eiders, we aim to establish baseline values for sex and season while 

minimizing effects of confounding factors, including nutritional stress and disease. The 

first objective of this study is to design and validate an enzyme-linked immunosorbant 

assay (ELISA) to quantify Steller’s eider total serum IgY and to establish baseline values 

using samples from a captive flock of healthy adult Steller’s eiders for two 

physiologically important seasons, molt and winter. The second objective is to compare 

these baseline values to serum IgY concentrations from free-ranging Steller’s eiders to 

characterize humoral immune status seasonally and between sexes. The baseline values 

provide a quantitative context for seasonal serum IgY concentrations from free-ranging 

Steller’s eiders. Baseline studies also provide a temporal context for immune data from 

field studies, which generally provide a snapshot view of complex processes. By 

quantifying total serum IgY from captive Steller’s eiders, we have created a relevant 

context for total serum IgY data from free-ranging Steller’s eiders toward our further 

understanding of population-level immune status in Alaska’s sea ducks throughout their 

annual cycle.
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M ATERIALS AND M ETHODS

Study animals. Captive adult Steller’s eiders were maintained at the Alaska 

SeaLife Center in Seward, Alaska (60o07’N, 149o25’W), in outdoor pens with salt water 

and ambient daylight cycle and temperature. Birds originated from southwest Alaska and 

had been in captivity since 2003. Archived serum samples, obtained through a 

comprehensive health monitoring program, were from 17 individual birds (female N=7, 

male N=10) taken during six sampling events (September 2004 and 2006; January 2005; 

March 2004, 2005 and 2006), resulting in a total of 87 samples (Table 1.1). To avoid 

treatment effects due to sampling conditions, birds were fasted the morning of sampling, 

and blood was drawn within 1 hr of capture. All blood samples were collected between 

0900 and 1200 in non-heparinized tubes, allowed to clot for 2-4 hr, centrifuged for serum 

collection and stored at -80oC until analysis. All procedures were approved by Animal 

Care and Use Committee of the Alaska SeaLife Center.

Free-ranging adult Steller’s eiders were sampled at Izembek Lagoon on the 

Alaska Peninsula (55o21 ’ N, 162 o42’W) during molt (August-September) in 2004 and 

2006, and at Unalaska Island (53 o52’N, 166 o33’W) in mid-winter (January) and late 

winter (February/March) of 2004, 2005 and 2006. Flightless molting birds were herded 

into shore-based traps by boat (Jones 1965) and wintering birds were captured with mist 

nets (Kaiser et al. 1995). Birds were sexed, banded, weighed, measured for 

morphometrics, and released. Whole blood (up to 3 ml) was collected in non-heparinized 

tubes. Blood was allowed to clot at 4oC for up to 8 hr, centrifuged for serum collection, 

frozen in a liquid nitrogen dry shipper for transport, and stored at -80oC until analysis. All 

procedures were approved by Animal Care and Use Committee of the Alaska SeaLife 

Center, and/or collaborating agencies.

IgY purification. IgY was purified from 20 ml of Steller’s eider egg yolk 

(combined from 12 eggs laid by captive Steller’s eiders at the Alaska SeaLife Center) 

using commercially-available reagents designed for purification of chicken IgY from egg 

yolk. The protocol was adapted from the manufacturer’s protocol. Briefly, 12 volumes of 

cold Eggcellent delipidation reagent (Pierce, Thermo Fisher Scientific, Rockford, IL)
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were added to one volume of Steller’s eider egg yolk (2.0-4.0 ml) in a covered glass 

beaker, mixed on a stir plate and incubated at 4oC overnight. After gently remixing, the 

diluted yolk was divided into 2.0 ml microcentrifuge tubes and centrifuged at 10,000 g at 

4oC for 15 min. The supernatants were combined in a glass beaker, and the pellets 

discarded. After gentle mixing, an additional five original volumes of cold delipidation 

reagent were added, remixed and incubated at 4oC for 4 hr. The diluted yolk was again 

mixed, divided into 2.0 ml microcentrifuge tubes and centrifuged at 10,000 g at 4oC for 

15 min. To the resulting combined supernatant, an equal volume of cold IgY precipitation 

reagent (Pierce, Thermo Fisher Scientific, Rockford, IL) was added with gentle mixing 

on the stir plate for 2 min. The beaker was covered and incubated at 4oC overnight. The 

sample was then re-mixed and divided again into 2.0 ml microcentrifuge tubes and 

centrifuged at 10,000 g at 4oC for 15 min. The supernatants were discarded, taking care 

not to disturb the pellets. Pellets were combined by adding 0.1 ml cold phosphate- 

buffered saline (PBS) to each tube followed by gentle vortexing and pipeting to 

resolubilize the protein. IgY preparations were analyzed for protein concentration (Pierce 

Micro-BCA Protein Assay, Thermo Fisher Scientific, Rockford, IL) and by protein gel 

electrophoresis using 12% SDS gel (Pierce Precise Protein Gels, Thermo Fisher 

Scientific, Rockford, IL), both as per the manufacturer’s protocol. The samples were then 

pooled and similarly analyzed for protein concentration and by gel electrophoresis and 

stored at -20oC in aliquots.

Sandwich ELISA. Microtiter plates (Nunc, Thermo Fisher Scientific, Rochester, 

NY) were coated with 50 ^l per well rabbit anti-chicken IgG (Sigma-Aldrich, St. Louis, 

MO), diluted to 10 ^g/ml in coating buffer (15 mM Na2CO3, 35 mM NaHCO3, pH 9.6) 

and incubated overnight at room temperature. Plates were covered during incubations to 

prevent evaporation. IgY purified from Steller’s eider egg yolk was diluted to 30 ^g/ml in 

PBS and serially diluted 1:2 to 30 ng/ml to form a standard curve. Serum samples from 

Steller’s eiders were diluted 1:1600 in PBS, and then serially diluted 1:2 to 1:102,400. 

Plates were washed four times with 250 ^l wash buffer (PBS containing 0.05% Tween- 

20 (Thermo Fisher Scientific, Rochester, NY)) using a plate washer (Dynex
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Technologies, Chantilly, VA). IgY standard, serum or PBS was added to wells in 

duplicate. Plates were incubated for 1 hr at 37oC and washed four times with wash buffer. 

Alkaline phosphatase rabbit anti-chicken IgG antibody (Sigma-Aldrich, St. Louis, MO) 

was diluted to 1:2000 in PBS and 50 M was added to each well. Plates were incubated for 

1 hr at 37oC and washed four times with wash buffer. Phosphatase substrate (PNPP, 

Pierce, Thermo Fisher Scientific, Rockford, IL) was added at 50 ^l per well. Plates were 

incubated at room temperature for 30 min, when the reaction was stopped by the addition 

of 2M NaOH at 50 M per well. Plates were read in a microtiter plate reader at 405 nm 

and analyzed using Softmax Pro Version 5 software (Molecular Devices, Sunnyvale,

CA).

Assay validation. Parallelism and accuracy measurements were conducted as 

confirmation that the ELISA reliably measured Steller’s eider total serum IgY.

Parallelism compared slopes of the linear portion of a two-fold serial dilution curve of a 

Steller’s eider serum pool (1:6400 to 1:204,800 dilutions) and the IgY standard curve (2 

Mg/ml to 0.29 Mg/ml). Slopes were considered parallel if  within 10% of each other. 

Accuracy was tested by the addition of diluted pooled serum, using the dilution level 

closest to 50% bound in the parallelism test, to known amounts of IgY standard. These 

“spiked” standards were assayed along with the “unspiked” standards. The expected 

concentration of the spiked sample minus the unspiked sample was compared to the 

measured value to confirm that unknown factors in the serum were not interfering with 

quantitative determinations of serum IgY.

Inter-assay coefficients of variation, as calculated by two separate assay controls 

measured in each assay, were <15%. Intra-assay coefficients were calculated from pooled 

serum samples run in duplicate and variation was <10%. Values from the ELISA were 

corrected for dilution and expressed as mg/ml.

Total serum protein. Total protein was measured in serum of captive and free- 

ranging Steller’s eiders by refractometer.

Statistical analysis. Calculatedp  values <0.05 were considered significant for all 

tests conducted; non-significant values are not presented if >0.10. The statistical
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procedures were performed using the software program SPSS 17.0 Windows Grad-Pack 

Version (SPSS, Inc., Chicago, IL). Total serum IgY values from captive and free-ranging 

birds were evaluated for normality using the Shapiro-Wilk test. Data sets were normal 

(captive birds: molt and late winter; free-ranging birds: molt and mid-winter), with the 

exception of captive birds in mid-winter (p<.01) and free-ranging birds in late winter 

(p<.01). Evaluation did not benefit from either a log10 or square root transformation, so 

values were not transformed. An independent t-test was used to compare total serum IgY 

between captive Steller’s eider males, females, and males and females combined in each 

season (molt, mid-winter and late winter), and a one-way analysis of variance (ANOVA) 

was performed to test for significance between years. Separate ANOVAs were performed 

for males, females and for both sexes combined). No differences were seen in any of 

these groups, so values for sexes and years were combined and tested for differences 

between seasons by ANOVA. An independent t-test was used to compare total serum IgY 

between male and female free-ranging Steller’s eiders in each season separately (molt, 

mid-winter and late winter), and a one-way ANOVA, followed by Bonferroni post-hoc 

test was performed to determine seasonal differences in total serum IgY.

RESULTS

Assay validation. Parallelism and accuracy studies were performed to determine 

the ability of the assay to reliably measure total serum IgY across a range of 

concentrations. To measure parallelism, pooled Steller’s eider serum was serially diluted, 

yielding a linear curve with a slope of 0.09 as compared to a linear curve for purified 

Steller’s eider IgY standard with a slope of 0.28. Slopes were not parallel (32% different) 

indicating that the binding properties of the assay components with serum are not 

uniform over a range of concentrations. This may be due to a number of factors, 

including incomplete binding of serum IgY to the anti-IgY antibody. For determination 

of accuracy, a sample was tested that contained a known concentration of Steller’s eider 

IgY standard (1.9 Mg/ml) and a pooled Steller’s eider serum control determined to be 1.6 

Mg/ml when assayed separately. The IgY concentration was expected to be 1.9 + 1.6 = 3.5
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Mg/ml (calculated value). The measured value for the sample determined in the assay was

3.3 Mg/ml, or within 10% of the expected value, indicating that the assay is accurately 

measuring IgY concentrations at close to 50% bound.

IgY in captive Steller’s eiders. Mean total serum IgY + 2 standard deviations 

(SD) (Hesterman et. al 2008) for Steller’s eiders was 21.82 + 18.58 mg/ml (Table 1.2). 

Total serum IgY values for captive Steller’s eiders are shown in Fig. 1.1. There were no 

significant differences in mean serum IgY between sexes in any of the seasons during the 

sampling period.

IgY in free-ranging Steller’s eiders. There were no significant differences in 

mean serum IgY between sexes in any of the seasons during the sampling period.

Mean total serum IgY (mg/ml +SD ) of free-ranging adult Steller’s eiders from Izembek 

Lagoon (Fig. 1.2) during the molt (August-September of 2004 and 2005), and Unalaska 

(Fig. 1.2) in mid-winter (January 2005) and late winter (February/March of 2005 and 

2006) (Table 1.3) compared to captive baselines values for all seasons combined (N=87) 

showed differences in mean by a one-way ANOVA (F(3, 209)=13.30, p<0.01) (Fig. 1.3).

Mean serum IgY was significantly higher for free-ranging Steller’s eiders in mid

winter (36.73 mg/ml + 17.66, N=26), as compared to late winter (25.55 mg/ml + 11.46, 

N=48) (Bonferroni post-hoc test, p<0.01). The data for mid-winter are from a single year 

(2005), although when compared to molt and late winter of the same year, results remain 

significant. There were no significant differences between molt (29.49 mg/ml + 10.35, 

N=52) and mid-winter (p=0.06) or late winter (Fig. 1.3). Mean total serum IgY (mg/ml + 

SD) was significantly higher for free-ranging Steller’s eiders during the molt (Bonferroni 

post-hoc test, p<0.01) and in mid-winter (Bonferroni post-hoc test, p<0.01), but not late 

winter, as compared to captive birds during all seasons combined (21.82 + 9.29) (Fig.

1.3).

Total serum protein in free-ranging Steller’s eiders. Mean total serum protein 

(g/dL + SD) of free-ranging adult Steller’s eiders from Izembek Lagoon during the molt 

(August-September of 2004 and 2005), and Unalaska in mid-winter (January 2005) and
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late winter (February/March of 2005 and 2006) (Table 1.3) showed no differences in 

mean by a one-way ANOVA (F(2, 93)=2.71, p=0.07) (Fig. 1.4).

DISCUSSION

There have been few investigations of total serum IgG/IgY as a measure of 

vertebrate humoral immune status, which requires a large baseline data set of multiple 

species under different environmental conditions (Martinez et al. 2003). One study found 

that total serum IgY levels in common terns correlated positively with breeding success, 

and attributed increased IgY to immune competence, suggesting that “selection favors 

enhanced self-maintenance” in this long-lived vertebrate (Apanius & Nisbet 2006). 

Another study in migrating thrushes (Owen & Moore 2006) found reduced lymphocyte 

counts and other indications of reduced overall immunity, but similar total serum IgY 

levels as compared to non-migratory thrushes, suggesting that, during energetically 

intense activity, immune components may be differentially suppressed and may leave 

migrating birds susceptible to pathogens. There is experimental evidence of a 

homeostatic set-point in lab animals and humans for IgG/IgY levels (Waldmann & 

Strober 1970), with individual variability that has been shown to be heritable in poultry 

(Rees & Nordskog 1981) and variable by age, race and sex in humans (Buckley &

Dorsey 1971). An environmental component to IgG variability has been demonstrated in 

at least one human study, where decreased IgG was measured in military subjects 

engaged in energetically demanding activities (Boyum et al. 1996). Decreased total 

serum IgY is likely associated with decreased humoral immunity, although actual serum 

antibody levels may be highly variable and determined by a suite of factors, including 

age, sex, season, breeding status, environmental and nutritional stress and infection or 

inflammation. It is not known whether the antigen-specific antibody response elicited by 

a viral infection causes a measurable increase in total serum IgY above baseline levels, 

although it is likely to be highly variable and species and pathogen specific (Burton 2002; 

Hangartner et al. 2006). It is therefore necessary to quantify variation in baselines 

between individuals (i.e. sex, age and environmental stressors), and between species traits
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(i.e. longevity and reproductive strategy) before total serum IgY levels can be used to 

infer humoral immune status.

We have established a species-specific baseline range for total serum IgY in a 

healthy captive flock of adult Steller’s eiders during two physiologically important 

seasons, molt and winter, and investigated seasonal differences in total serum IgY of 

free-ranging Steller’s eiders toward the characterization of the Steller’s eider humoral 

immune system. The captive birds provided a unique opportunity for baseline IgY 

analysis, as they are housed outdoors in ambient conditions at 60o07’N, 149o25’W in 

coastal Alaska and are part of an ongoing health monitoring program. No significant 

differences in baseline values between sexes or seasons were found.

Free-ranging birds had significantly higher concentrations of total serum IgY 

during molt and mid-winter as compared to captive baseline values, and the mean serum 

IgY for late winter, although not significant, was above the established baseline mean. 

Total mean serum IgY found in this study was significantly higher in mid-winter for free- 

ranging birds as compared to late winter, but not compared to the molt. Elevated IgY in 

free-ranging as compared to captive birds, and in mid-winter for free-ranging birds, likely 

reflects a higher prevalence of disease eliciting an IgY response. An alternative 

explanation, that elevated serum IgY is due to increased total serum protein as a result of 

dehydration in the free-ranging birds, is unlikely as differences in total protein between 

seasons were not significant. These data exemplify the utility of species-specific baseline 

values from a healthy, captive flock, as elevation of IgY during two physiologically and 

energetically challenging seasons would have been otherwise undetectable.

Our quantitative approach to measuring total serum IgY to characterize humoral 

immunity in sea ducks is unique, and has posed some technical challenges. Other studies 

have used relative measures of IgY (Apanius & Nisbet 2006; Martinez et al. 2003), 

comparing individuals within a species without assigning a quantitative value. This 

approach, while informative, is not useful for comparing IgY baseline values between 

species, for example, to compare humoral immunity in sea duck species with different 

life history strategies, energetic requirements and environmental pressures. We used IgY
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isolated from Steller’s eider eggs as a species-specific reference protein to generate a 

standard curve. This approach allowed us to directly compare values and circumvent 

inaccuracies caused by potentially incomplete cross-reactivity between the anti-chicken 

IgY antibody used and the Steller’s eider IgY measured. As further validation, it will be 

important to investigate if the truncated IgY absent in chickens yet present in mallards is 

similarly found in sea ducks, including Steller’s eiders. If so, there may be differences in 

the cross-reactivity of the anti-chicken IgY reagent employed in the assay to a truncated 

versus full-length IgY molecule. If there is differential cross-reactivity, then it will be 

important to measure the relative proportion of truncated IgY in egg protein as compared 

to serum, and the ELISA may require a correction factor to be accurate.

A further technical issue exists when measuring an abundant serum protein such 

as IgY. The ELISA is a sensitive colorimetric tool for quantifying proteins, and serum 

requires dilution of up to 1:64,000 to dilute IgY into a measurable range. This large 

dilution factor results in a significant yet unavoidable process error, up to 50-100% in a 

preliminary analysis of duplicate samples, which is indistinguishable from individual 

variation within the populations sampled. To improve accuracy, the dilution error should 

be quantified by analyzing and statistically evaluating multiple independently-diluted 

samples in future studies.

In conclusion, we have developed a quantitative assay for determining total serum 

IgY as a measure of humoral immunity in a sea duck species, although some technical 

challenges remain. Total serum IgY baseline values were characterized using serum 

samples from apparently healthy captive Steller’s eiders, providing a valuable context for 

quantifying humoral immunity in free-ranging Steller’s eiders. Free-ranging birds had 

significantly higher concentrations of total serum IgY as compared to captive baseline 

values during molt and mid-winter. While the reason for elevated IgY in free-ranging 

birds is not known, it likely results from immune responses to endemic diseases not 

shared by captive birds. Future directions may include total serum IgY data from 

additional sea duck species for comparative analyses, and additional seasons including 

the breeding season to elucidate Steller’s eider immune status throughout the annual
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cycle. Further investigation of the effects of age class, disease exposure, body condition, 

reproductive investment and breeding success on humoral immune status as measured by 

total serum IgY may elucidate their importance to viral disease susceptibility in sea 

ducks. Environmental factors including climate change, which may induce environmental 

changes such as habitat, weather and prey availability may also affect humoral immune 

status. Immune response data will contribute to our further understanding of population 

level disease ecology in Alaska’s sea ducks throughout their annual cycle.
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+ 2SD

■ 2SD

Figure 1.1. Total serum IgY values for female and male captive adult Steller’s eiders. 

Dashed lines indicate mean (21.82 mg/ml, N=87) and mean + 2SD (3.24 mg/ml; 40.40 

mg/ml).
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Figure 1.2. Locations for free-ranging Steller’s eider sample collections.
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Figure 1.3. Mean total serum IgY of free-ranging adult Steller’s eiders. Mean total serum 

IgY (mg/ml +SD ) of free-ranging adult Steller’s eiders from Izembek Lagoon during the 

molt (August-September of 2004 and 2005), and Unalaska in mid- winter (January 2005) 

and late winter (February/March of 2005 and 2006) compared to captive baselines values 

with all seasons combined (N=87). Means are indicated on each column; N = number of 

samples. Dashed lines indicate mean (21.82 mg/ml, N=87) and mean + 2SD (3.24 mg/ml; 

40.40 mg/ml) for captive baseline total serum IgY. Mean serum IgY was significantly 

higher for Steller’s eiders in mid-winter as compared to late winter (a). Mean total serum 

IgY (mg/ml + SD) was significantly higher for free-ranging Steller’s eiders during the 

molt (b) and in mid-winter (c), but not late winter, as compared to captive birds during all 

seasons.
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Figure 1.4. Mean total serum protein of free-ranging adult Steller’s eiders. Mean total 

serum protein (g/dL+ SD) of free-ranging adult Steller’s eiders from Izembek Lagoon 

during the molt (August-September of 2004 and 2005), and from Unalaska in mid- winter 

(January 2005) and late winter (February/March of 2005 and 2006). Means are indicated 

on each column; N = number of samples. A one-way ANOVA showed no seasonal 

differences in mean total serum protein.
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Table 1.1. Season, year and number of serum samples collected from captive Steller’s 

eiders. Individuals from a captive flock of 17 adults (7 female and 10 male) were sampled 

six times; twice during the molt (August-September) in 2004 and 2006, once in mid

winter (January) of 2005 and three times in late winter (March) of 2004, 2005 and 2006 

for a total of 87 samples.

Captive Bird 
Sample Dates Female Male Total
Late Winter 2004 3 5 8
Molt 2004 6 10 16
Mid-Winter 2005 5 9 14
Late Winter 2005 6 10 16
Late Winter 2006 7 10 17
Molt 2006 7 9 16
Total 34 53 87



34

Table 1.2. Total serum IgY baseline values for captive adult Steller’s eiders. Total serum 

IgY baseline values were determined for captive adult Steller’s eiders (n=17) sampled six 

times over three years (2004, 2005 and 2006). There were no significant differences in 

mean serum IgY between males and females during the sampling period (independent 

samples t-test), nor were there seasonal or annual differences (one-way ANOVA).

Steller’s E ider Total
Serum IgY Baseline
Values (mg/ml)
Mean 21.82
2SD 18.58
Min 4.28
Max 49.81
N 87
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Table 1.3. Season, year and number of serum samples collected from free-ranging 

Steller’s eiders. Birds were sampled during the molt (August-September) at Izembek 

Lagoon in 2004 and 2005, in mid-winter (January) of 2005 or in late winter (February- 

March) of 2005 and 2006 at Unalaska Island for a total of 126 samples.

Free-Ranging Bird 
Sample Dates Female Male Total
Molt 2004 15 15 30
Mid-Winter 2005 11 15 26
Late Winter 2005 9 15 24
Molt 2005 9 13 22
Late Winter 2006 13 11 24
Total 57 69 126
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CHAPTER 2:

Characterization of mallard (Anasplatyrhyncus) humoral immune response to low 

pathogenicity avian influenza isolates recovered from two species of ducks in Alaska: 

Steller’s eider (Polysticta stelleri) and northern pintail (Anas acuta)

ABSTRACT

Low pathogenicity avian influenza (LPAI) viruses are commonly found in wild 

birds, and do not cause clinical illness in many avian species. In our study, an 

experimental inoculation of two LPAI viruses isolated in Alaska from different species of 

ducks had differential effects on mallards (Anasplatyrhyncus). An H3N8 LPAI virus 

isolated from a northern pintail (Anas acuta) induced viral shedding in all inoculated 

mallards, while viral shedding was not detected after inoculation with a H12N5 LPAI 

virus isolated from a Steller’s eider (Polysticta stelleri). Neither inoculation resulted in 

clinical signs or a detectable virus-specific hemagglutinating antibody response. To test 

the hypothesis that humoral immunity in mallards is modulated by LPAI derived from 

sympatric ducks, we quantified total serum IgY in inoculated versus control mallards. 

Although the serum IgY results in the H3N8 experimental inoculation were difficult to 

interpret due to variability of responses in control birds, increased total serum IgY in two 

H12N5 inoculated birds suggests a humoral immune response. Results are consistent with 

and suggestive of virally-induced modulation of humoral immunity in response to 

Steller’s eider LPAI experimental inoculation and, in general, suggest challenges to and 

opportunities for further research on the humoral immune response to LPAI viruses.
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INTRODUCTION

Low pathogenicity avian influenza (LPAI) viruses are commonly found in wild 

birds, especially waterfowl, gulls and shorebirds, which serve as a natural reservoir for 

avian influenza (AI) (Webster et al. 1992). LPAI does not cause clinical illness in many 

wild bird species, including ducks (Kida et al. 1980). Highly pathogenic H5N1 avian 

influenza (HPAI), however, has spread from Southeast Asia and China to Russia, Korea, 

Japan, Europe, Africa and the Middle East, becoming a global wildlife, agricultural and 

human disease management issue. The Asian H5N1 strain has caused large mortalities of 

domestic avian flocks, die-offs among wild birds and a number of human deaths, 

primarily attributed to handling of infected poultry (Abbott & Pearson 2004; Peterson et 

al. 2007). Concern that HPAI may be carried to new locations by wild migratory birds 

has resulted in enhanced AI surveillance efforts globally, as well as increased research 

efforts to further understand the ecology of avian influenza in wild birds (Feare 2007). In 

North America, surveillance has been concentrated in areas where migratory routes 

overlap, including Alaska, where birds migrating from the Americas overlap with Asian 

migrants (Ip et al. 2008; Spackman et al. 2007). Many waterfowl, especially ducks, travel 

extensively along migratory pathways, and may therefore be important in the geographic 

spread of AI viruses (Keawcharoen et al. 2008).

Steller’s eiders (Polysticta stelleri) are diving sea ducks that winter in coastal 

marine waters of Russia, northern Europe and Alaska and breed on the arctic coastal 

tundra (Jones 1965; Petersen 1981; Kertell 1991; Metzner 1993; Dau et al. 2000). The 

Pacific population of Steller’s eiders breeds primarily on the Russian Arctic coast 

(Nygard et al. 1995), and also in Alaska (Kertell 1991; Flint & Grand 1999) where they 

have been listed as threatened under the US Endangered Species Act (US Fish and 

Wildlife Service 1997). The Pacific population was estimated to be 138,000 birds in 1992 

(US Fish and Wildlife Service 2002), although may currently be lower. The majority of 

Pacific Steller’s eiders molt on the north coast of the Alaska Peninsula in September, 

during which they are flightless for approximately three weeks during flight feather molt 

(Petersen 1981). Molting Steller’s eiders congregate in cohesive, single-species flocks of
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hundreds to thousands of birds (Jones 1965; Petersen 1980, 1981; Metzner 1993), with 

potential for considerable intra-species exposure to viral diseases, especially by fecal-oral 

transmission (Brown et al. 2007a). After the molt, Pacific Steller’s eiders disperse to a 

number of wintering sites on the Aleutian chain, including Unalaska Island, the Alaska 

Peninsula and Kodiak (Jones 1965; Metzner 1993), where they are regularly found in 

mixed flocks with other sea ducks (Fredrickson 2001).

In Alaska, mallards (Anasplatyrhyncus) can occur sympatrically with Steller’s 

eiders and other sea ducks during the breeding season (Fredrickson 2001), winter 

(Metzner 1993), and spring (Larned 2001) and may be exposed to viruses from Asian and 

Russian migrants. Mallards were used in experimental inoculations as a surrogate for 

Steller’s eiders, primarily due to the threatened status of Steller’s eiders. Mallards were 

used as surrogates for several reasons. They are available from captive sources and their 

requirements for maintenance in captivity are established. They belong to the same 

taxonomic family as sea ducks, with a relatively similar body size. Mallards have also 

been identified as potential long-distance carriers and a likely primary source of AI 

infection in domestic mallards and other poultry due to a number of factors (Halvorson et 

al. 1985; Keawcharoen et al. 2008). Mallards are an abundant migratory species from 

which many varieties of domestic ducks are derived. They are ubiquitous in North 

America with an extensive range, and are found in mixed waterfowl flocks in a wide 

variety of urban, rural and wilderness habitats. In laboratory studies of LPAI and HPAI 

infection, mallards are among the least symptomatic of wild ducks tested. They generally 

do not exhibit clinical signs in response to LPAI infection and have been shown to shed 

large amounts of virus through the cloaca in experimental HPAI infections while 

exhibiting little or no sign of clinical illness and poor antibody responses (Kida et al.

1980; Brown et al. 2006a; Keawcharoen et al. 2008). Although HPAI has been reported 

to cause high mortality in birds in some field cases (Liu et al. 2005), there is an absence 

of mallard mortalities attributed to AI in field reports. The actual significance of wild 

migratory mallards as carriers of avian influenza is currently unknown, and is important
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not only for wild waterfowl disease management, but also for agricultural animal and 

human health management in North America.

Northern pintails (Anas acuta) have an extensive range and have occasionally 

been found to migrate between Asia and North America (Miller et al. 2005). They often 

congregate in flocks of mixed species and share breeding habitats with mallards. Recent 

research with LPAI viruses isolated from northern pintails supports the theory that 

migratory birds may be more important than previously thought in the intercontinental 

movement of influenza viruses (Koehler et al. 2008).

AI infects mucosal surfaces in waterfowl, with HPAI generally infecting the 

upper respiratory tract, and LPAI generally manifesting as an intestinal infection spread 

by fecal-oral transmission (Kida et al. 1980; Suarez & Schultz-Cherry 2000; Brown et al. 

2006a; Keawcharoen et al. 2008). The pathogenesis of a given isolate may vary greatly 

between waterfowl species, with clinical signs ranging from asymptomatic infection, 

mild to severe respiratory disease to mortality (Suarez & Schultz-Cherry 2000).

Chickens, in contrast, are not considered to be natural AI hosts, and are typically highly 

susceptible to HPAI, with a marked antibody response and severe morbidity and 

mortality including neurological symptoms (Suarez & Schultz-Cherry 2000). Large die

offs of domestic poultry leading to human exposure have posed a substantial human 

health hazard in affected areas (Guan et al. 2002). Domestic ducks may play a major role 

in maintaining the highly pathogenic H5N1 virus in the environment, and may be an 

important factor in transmission of HPAI from wild birds to domestic chickens and other 

poultry (Normile 2005).

Prevalence of and prior exposure to HPAI and LPAI viruses in migrating species 

in Alaska including sea ducks, and the capacity for intra- and inter-species transmission 

are critical to the understanding and management of HPAI. Species-specific morbidity 

and mortality rates for HPAI and the effect of prior LPAI exposure to HPAI susceptibility 

are of particular interest for migratory waterfowl (Brown et al. 2006a). In order to better 

understand how wild ducks are affected by both HP and LP strains of AI, and their 

potential role as long-distance carriers, a series of experiments were undertaken to
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investigate the clinical response of ducks to LPAI viruses. While studies with HPAI are 

planned in the future, in this initial study mallards were inoculated with two strains of 

LPAI isolated from sympatric species as part of surveillance efforts in Alaska. We 

investigated clinical disease and immune response in mallards in experimental 

inoculations by evaluating serological antibody response, virus shedding, pathology, and 

tissue tropism. The strains were H12N5 LPAI isolated from a Steller’s eider and H3N8 

LPAI isolated from a northern pintail, both collected in Alaska as part of the national live 

bird surveillance program (Ip et al. 2008). The objectives of the present study were to 

characterize the humoral immune response of mallards to strains of LPAI isolated from a 

Steller’s eider and a northern pintail, to test the hypothesis that humoral immunity in 

mallards is modulated by LPAI infection from sympatric species, and that virally-induced 

changes in humoral immunity can be characterized by quantifying total serum 

immunoglobulin Y (IgY). In this study, mallards also served as a surrogate species to 

study the clinical and immune response of sea ducks in general, and Steller’s eiders in 

particular, to sea duck viral isolates as a first step toward characterizing the immune 

response of sea ducks to endemic LPAI. Viral immune response, in conjunction with 

concurrent baseline humoral immune studies of total serum IgY and ongoing disease 

surveys in molting and wintering sea ducks, will contribute to our further understanding 

of population level disease ecology in Alaska’s sea ducks throughout their annual cycle.

M ATERIALS AND M ETHODS

Study animals. Experiments were conducted at the United States Geological 

Survey National Wildlife Health Center (NWHC) in Madison, WI. Mallards purchased 

from a duck breeder (McMurray Hatchery, Webster City, IA) at three days old were 

housed in isolation rooms, given ad libitum access to food (Purina Duck Starter 8855, 

Land O’Lakes Purina Feed, Shoreview, MN) and water, and were monitored daily by 

animal care staff. The two experiments were begun one week apart and the ducks were 

acquired independently for each experiment. For each experiment, ducks were caged
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together until four weeks of age, and then randomly divided into isolation cages in pairs 

for duration of the experiment.

P reparation of inoculum. The inoculum was prepared by NWHC staff. Two 

strains of LPAI virus (A/Pintail/Alaska/44005-92/2005-H3N8 and 

A/Eider/Alaska/44013-365/2005-H12N5) isolated and characterized as part of an AI 

survey conducted by NWHC were passaged to Passage (P) 2 (H3N8) or P3 (H12N5) in 

specific pathogen-free (SPF) embryonated chicken eggs. The inoculum was prepared by 

inoculating 0.2 ml of a 1:50 dilution into each of six eggs for P3 (H3N8) or P4 (H12N5). 

Eggs were harvested and titered by hemaglutination assay (HA). Virus stock was 

prepared by pooling allantoic fluids with HA > 1:16 (H3N8: 37 ml total, P3 from the 

field; H12N5: 27 ml total, P4 from the field) and frozen into aliquots. The EID50 of the 

inoculum was determined to be 106 8 (H3N8) and 1070 (H12N5) based on a back-titration, 

in which an aliquot of the preparation inoculated into ducks was also inoculated into eggs 

on the same day.

Viral challenge. Four week old mallards were inoculated intranasally, 

intratracheally, and orally with one of two LPAI strains (H3N8 or H12N5). Infectious 

virus or vehicle controls were inoculated using stainless steel feeding needles (blunt- 

ended) while the birds’ head and bill were held to minimize movement and undue stress. 

A total of 1.0 ml of liquid was inoculated per duck. Intranasal inoculations (0.1 ml) were 

delivered by inserting a 22 gauge 1.5 inch feeding needle approximately 3 mm into the 

nare, intratracheal inoculations (0.1 ml) by inserting a 22 gauge 1.5 inch feeding needle 

approximately 5 mm into the trachea, and oral inoculations (0.8 ml) by inserting a 10 

gauge 4 inch feeding needle approximately 2 cm into the esophagus. Ducks were 

weighed and swabbed (oral and cloacal) two or three days prior to viral exposure, daily 

for seven days post-inoculation (PI) and again at 10, 14, 21 and 28 days PI. Whole blood 

(3 ml) was collected for serum two or three days pre-exposure and on days 3, 5, 7, 10, 14, 

21 and 28 PI. All ducks were euthanized by CO2 and necropsied on day 28. Tissues 

(brain, lung, trachea, duodenum, jejunum, cecal tonsil, liver, kidney, and spleen) were 

examined for gross pathology and collected for histopathology and virus isolation. All
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procedures followed NWHC procedures as outlined in protocols ST050706 (blood 

collection), ST070523A (cloacal swabs), ST070523B (oral-pharyngeal swabs) and 

euthanasia (ST060627). Viral isolation was conducted on oral and cloacal samples 

(swabs) and tissues, and serum was analyzed for AI-specific antibody.

Presence of virus in oral and cloacal samples. Oral and cloacal samples 

collected from experimentally infected mallards were centrifuged to remove particulates 

and inoculated (0.2 ml) into 9-11 day old SPF chicken embryos in quadruplicate. The 

inoculum was delivered into the allantoic fluid by inserting a needle (25 gauge 5/8 inch) 

vertically though a small hole, which was then sealed with Elmer’s glue. The inoculated 

eggs were incubated for seven days, checking for viability daily before and after 

inoculation by candling. Eggs with dead embryos and all remaining eggs still viable at 

day 7 PI were harvested by collection of amniotic and allantoic fluids, which were tested 

by hemagglutination assay (HA) and polymerase chain reaction (PCR). Samples that 

were negative by HA were subsequently blind passaged, harvested and tested by HA up 

to three times.

Hemagglutination assay (HA). Eggs were tested for the presence of virus by 

adding 0.1 ml of 5% chicken or turkey red blood cell (RBC) solution to 0.1 ml of 

harvested amniotic and allantoic fluid mixture in a round-bottom 96-well plate. After 

incubation at room temperature, wells were examined for formation of a red button on the 

bottom of the well indicating viral-induced precipitation.

Hemagglutination inhibition (HI) assay. Serum antibody titers were determined 

by incubating serum with the same avian influenza strain inoculated. Antibodies present 

in the serum bind to and solubilize the virus, inhibiting the precipitation reaction expected 

upon addition of chicken or turkey RBC solution. Serum diluted 1:10 in phosphate- 

buffered saline (PBS) was incubated for 1 hr at room temperature with virus dilutions of 

known concentrations, followed by addition of 0.1 ml of 5% chicken or turkey RBC 

solution. The presence or absence of a precipitate over a series of virus dilutions 

determined the AI-specific antibody titer.



46

IgY purification. IgY was purified from mallard egg yolk using commercially- 

available reagents designed for purification of chicken immunoglobulin G (IgG) from 

egg yolk. The protocol was adapted from the manufacturer’s protocol. Briefly, 12 

volumes of cold Eggcellent delipidation reagent (Pierce, Thermo Fisher Scientific, 

Rockford, IL) were added to one volume of mallard egg yolk (2.0-4.0 ml) in a covered 

glass beaker, mixed on a stir plate and incubated at 4oC overnight. After gently remixing, 

the diluted yolk was divided into 2.0 ml microcentrifuge tubes and centrifuged at 10,000 

g in a 4oC microcentrifuge for 15 min. The supernatants were combined in a glass beaker, 

and the pellets discarded. After gentle mixing an additional five original volumes of cold 

delipidation reagent were added, remixed and incubated at 4oC for 4 hr. The diluted yolk 

was again mixed, divided into 2.0 ml microcentrifuge tubes and centrifuged at 10,000 g 

at 4oC for 15 min. To the resulting combined supernatant, an equal volume of cold IgY 

precipitation reagent was added with gentle mixing on a stir plate for 2 min. The beaker 

was covered and incubated at 4oC overnight. The sample was then re-mixed and divided 

again into 2.0 ml microcentrifuge tubes and centrifuged at 10,000 g at 4oC for 15 min.

The supernatants were discarded, taking care not to disturb the pellets. Pellets were 

combined by adding 0.1 ml cold PBS to each tube followed by gentle vortexing and 

pipeting to resolubilize the protein. IgY preparations were analyzed for protein 

concentration (Pierce Micro-BCA Protein Assay, Thermo Fisher Scientific, Rockford, IL) 

and by protein gel electrophoresis using 12% SDS gel (Pierce Precise Protein Gels, 

Thermo Fisher Scientific, Rockford, IL), both as per the manufacturer’s protocol. The 

samples were then pooled and similarly analyzed for protein concentration and by gel 

electrophoresis and stored at -20oC in aliquots.

Total IgY quantification. Microtiter plates (Nunc, Thermo Fisher Scientific, 

Rochester, NY) were coated with 50 pl per well anti-bird IgG (Bethyl, Montgomery, TX) 

diluted to 10 pg/ml in coating buffer (15 mM Na2CO3, 35 mM NaHCO3, pH 9.6) and 

incubated overnight at room temperature. Plates were covered during incubations to 

prevent evaporation. IgY purified from mallard egg yolk was diluted to 1 pg/ml in PBS, 

then serially diluted 1:2 to 8 ng/ml to form a standard curve. Mallard serum samples were
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diluted 1:8000 in PBS, and then serially diluted 1:2 to 1:32,000. Plates were washed four 

times with 250 ^l wash buffer (PBS containing 0.05% Tween-20 (Thermo Fisher 

Scientific, Rochester, NY)) using a plate washer. IgY standard, serum or PBS was added 

to wells in duplicate. Plates were incubated for 1 hr at 37oC and washed four times with 

wash buffer. Horseradish peroxidase (HRP)-labeled anti-duck IgG (KPL, Inc., 

Gaithersburg, MD) antibody was diluted to 1:2000 in PBS and 50 M was added to each 

well. Plates were incubated for 1 hr at 37oC and washed four times with wash buffer. 

Substrate (ABTS (KPL, Inc., Gaithersburg, MD)) was added at 50 M per well. Plates 

were incubated at room temperature for 30 min. Plates were read in a microtiter plate 

reader at 405 nm and analyzed using Softmax Pro Version 5 software (Molecular 

Devices, Sunnyvale, CA).

Polymerase chain reaction (PCR). RNA isolation (MagMAX AI/ND Viral RNA 

Isolation Kit, Ambion, Inc, Austin, TX) and PCR was performed by the NWHC 

Diagnostic Virology Lab using standard protocols.

Total serum protein. Total protein was measured from serum of H3N8 

inoculated birds by refractometer.

Assay validation. The slopes of the linear portion of 2-fold serial dilutions of a 

mallard serum pool (1:8000 to 1:32,000 dilutions) and purified mallard egg IgY (2 Mg/ml 

to 0.5 Mg/ml) were compared for parallelism. Slopes were considered parallel if  within 

10% of each other.

Statistical analysis. Inter-assay coefficients of variation, as calculated by two 

separate assay controls measured in each assay, had to be <15% or the assay was 

repeated. Intra-assay coefficients, calculated from pooled serum samples run in, had to be 

<10% or samples were repeated. Calculatedp  values <0.05 were considered significant 

for all tests conducted; non-significant values are not presented if >0.10. The statistical 

procedures were performed using the software program SPSS 17.0 Windows Grad-Pack 

Version (SPSS, Inc., Chicago, IL). An independent t-test was used to compare body mass 

between control birds and inoculated birds on the final day of each experiment (H3N8 or 

H12N5).
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RESULTS

Body mass. All birds appeared clinically normal throughout the experiment. 

Ducks in the H3N8 experimental inoculation increased in total body mass from a mean of 

627 + 71 g (mean + standard deviation (SD)) at day 0 PI (age 29 days) to 1109 + 116 g 

(mean + SD) at day 24 PI. Ducks in the H12N5 experimental inoculation increased in 

total body mass from a mean of 561 + 62 g (mean + SD) at day 0 PI (age 30 days) to 911 

+ 76 g (mean + SD) at day 25 PI. H3N8 inoculated birds had significantly higher total 

body mass at days 24 to 25 as compared to H12N5 inoculated birds (independent samples 

t-test, p<0.01). Body mass for each bird is shown in Fig. 2.1 (H3N8) and Fig. 2.2 

(H12N5). In general, mass increased steadily from day 0 to day 24 PI, although 11 of 14 

ducks (control and H3N8 inoculated) and 8 of 10 ducks (control and H12N5 inoculated) 

experienced weight loss at one or more points. There were no differences in body mass 

between control birds and inoculated birds on the final day of either experiment (H3N8 or 

H12N5).

Presence of virus and serum antibody titers. Cloacal swabs from all but one

(#22) northern pintail H3N8 infected ducks were positive for at least two time points for 

each duck, although the timing of viral shedding varied. Virus was detected as early as 

day 1 PI, and 7 of 10 birds tested positive for the presence of virus in cloacal samples by 

HA (Table 2.1) or by PCR (Table 2.2) beginning on day 3 PI. Duration of cloacal 

shedding varied among individuals with a range of 2-7 (HA) and 3-7 (PCR) days. Duck 

#22 was negative for cloacal virus shedding when tested by HA, but positive by PCR. 

Although not all ducks were tested, oral shedding was much less pronounced, as only two 

ducks tested (#15 and #21) had viral shedding detectable by HA for one day (day 4 PI) 

(Table 2.1), and three ducks had oral shedding detectable for one day (#15 and 45) or two 

days (#47) by PCR (Table 2.2).

Cloacal and oral swabs from Steller’s eider H12N5 inoculated ducks were 

negative for all ducks at all time points tested by HA (Table 2.3) and by PCR (Table 2.4) 

with the exception of two cloacal swabs that scored just above the positive threshold by
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PCR (#60, day 3 and #67, day 3). There were no clinically significant findings upon 

necropsy. Strain-specific serum antibody was undetectable by HI for all ducks at all time 

points in both groups.

Assay validation. Parallelism measurements were conducted as confirmation that 

the ELISA reliably measures mallard total serum IgY in relation to mallard purified egg 

IgY standard. Serial dilution of a pooled mallard serum sample yielded a linear curve 

with a slope of 0.24 as compared to a linear curve for purified mallard egg IgY with a 

slope of 0.34. Slopes were not parallel (values within 40%) indicating that there were 

differences between mallard serum and purified egg IgY interfering in the accuracy of the 

assay.

Total serum IgY. Total serum IgY for experimental inoculations are shown in 

Fig. 2.3 (H3N8) and Fig. 2.4 (H12N5). In the H3N8 experiment, IgY values between 

birds were highly variable, especially among the control birds, and therefore baseline 

values were not established. Most individual birds had little variability over the time 

course, with the exception of large increases over one or more time points occurring for 

four H3N8 birds (Control 1, Control 4, #14, #45). Three mallards in the H3N8 

experiment (Fig. 2.3), including two of four controls, had total serum IgY levels over 10 

mg/ml over most time points (Control 1, Control 3, #14). IgY spikes of over 20 mg/ml 

occurred for two birds, Control 4 and #45, at day 5 and day 5-7, respectively. A range of

3.4 mg/ml to 43.9 mg/ml was measured for H3N8 inoculated ducks, although 85% of the 

values fell within the mean + SD (9.6 + 8.4 mg/ml), or 1.2 and 18.1 mg/ml.

Mean total serum IgY values for mallards inoculated with the northern pintail 

H3N8 were over three-fold higher for each time point (Fig. 2.3) as compared to mean 

total serum IgY values in the Steller’s eider H12N5 inoculated ducks (Fig. 2.4). Two 

birds in the H12N5 experiment (#67 and #64) exhibited IgY spikes over one or more time 

points, although overall values were more consistent between individuals (Fig. 2.4). A 

range of 0.4 mg/ml to 12.8 mg/ml was measured, and 83% of the values fell within the 

mean + SD (3.1 + 2.2 mg/ml), or 0.9 and 5.3 mg/ml. Two inoculated birds, #64 and #67, 

had total serum IgY levels over 10 mg/ml at day 3, and day 14 and 21, respectively.
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Mean total serum IgY (+ SD) was determined for four control birds (Fig. 2.5) in 

the northern pintail LPAI (H3N8) experiment, and compared to the two individual 

control birds (Control 1 and 2) from the Steller’s eider LPAI (H5N12) experiment. 

Results are presented as a mean for the H3N8 controls (N=4) but presented individually 

for the H5N12 control birds (N=2) to provide a better representation of the variability of 

the data set. Control birds in the H3N8 study had mean serum IgY values approximately 

three times higher for each time point than either of the control birds from the H5N12 

experiment.

Total serum protein. Mean total serum protein (g/dL) was determined for four 

birds in the northern pintail LPAI (H3N8) experiment which had elevated total serum 

IgY. Total serum protein values were compared to total serum IgY values (Fig. 2.6) and 

data based on visual inspection did not seem to be correlated.

DISCUSSION

Most experimental studies of AI in waterfowl have been with highly pathogenic 

H5N1 strains (Brown et al. 2006b, 2007b, 2008; Pantin-Jackwood & Swayne 2007; 

Pasick et al. 2007), which, while relevant in the context of current human health and 

agricultural concerns, are rare in the environment. In experimental inoculations with 

LPAI isolated from a duck (identified by the authors as a feral teal) and a budgerigar 

(Melopsittacus undulatus), however, mallards and Pekin ducks (Anas platyrhynchos 

domesticos) shed high titers of virus through the cloaca with no clinical signs and low 

serum antibody titers (Kida et al. 1980). If ducks are asymptomatic and capable of 

shedding infectious virus for long periods of time, they may transport viruses long 

distances and across seasons. Movements of wild birds could expose sympatric and 

domestic species, which may be highly symptomatic, far from the original location of 

infection. In our study, two LPAI viruses isolated in Alaska from different species had 

differential effects on mallards, although neither resulted in a detectable virus-specific 

hemagglutinating antibody response. H3N8 isolated from a northern pintail induced viral 

shedding in all inoculated birds, while in the experimental inoculation of a H12N5 virus
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isolated from a Steller’s eider, viral shedding was not evident. All birds appeared 

clinically normal throughout the experiment, although the majority of ducks in both 

experiments experienced weight loss at one or more time points. In order to determine if 

total serum IgY levels are modulated by LPAI infection and/or correlate to active 

infection, we quantified total serum IgY in experimentally inoculated and control 

mallards.

In mallards, IgY is produced by B cells in three forms, a transmembrane form, a 

full-length molecule with four constant regions, and a truncated form known as IgY delta 

Fc (AFc) with two constant regions (Grey 1967; Magor et al. 1992). Full-length IgY has 

been reported as 70-80% of total serum IgY in normal mallards, with the truncated form 

predominating later in the immune response (Lundqvist et al. 2006), although the ratio of 

IgY to IgY (AFc) can be highly variable (Grey 1967). The full-length form of IgY is the 

primary antibody transferred to the duck embryo via the egg yolk, providing passive 

immunity to hatchlings during immune development (Kowalczyk et al. 1985; Lundqvist 

et al. 2006).

Technical issues prevented full validation of the total serum IgY ELISA used in 

this study, so IgY results are considered preliminary. IgY isolated from mallard eggs 

served as a species-specific reference protein used in our assay to generate a standard 

curve. While using species-specific protein is generally ideal, a potential discrepancy 

exists between mallard serum IgY protein and egg IgY protein. It is likely that the 

truncated IgY protein present in mallard serum is not present, or present in a different 

ratio, in mallard egg yolk. If so, any differences in the cross-reactivity of the anti-duck 

serum IgY reagent employed in the assay between the truncated versus whole IgY 

molecule may interfere with quantification. Parallelism is a standard condition of 

validation for the ELISA, and our assay did not meet this condition. Therefore, the next 

step toward a fully validated, quantitative assay will be characterization of the IgY 

species in mallard serum versus mallard egg yolk via protein gel electrophoresis followed 

by Western blot to understand antibody-antigen binding and resolve quantification issues. 

Although the assay is not fully validated and may not be truly quantitative, we believe



52

that the relative amounts of protein measured in the sample to be accurate and these 

preliminary results to be informative.

A further technical issue exists when measuring an abundant serum protein such 

as IgY. The ELISA is a sensitive colorimetric tool for quantifying proteins, and serum 

requires dilution of up to 1:64,000 to dilute IgY into a measurable range. This large 

dilution factor is responsible for a significant yet unavoidable process error of up to 50

100% in a preliminary analysis of duplicate samples, which as random error is 

indistinguishable from individual variation. To improve accuracy in future studies, the 

dilution error should be quantified by analyzing and statistically evaluating multiple 

independently-diluted samples.

Preliminary results indicate that total serum IgY concentrations were higher 

overall in mallards challenged with the northern pintail as compared to the Steller’s eider 

LPAI virus. In the northern pintail virus inoculation, two birds, #14 and #45, showed an 

increase in total serum IgY correlating with viral shedding, while other birds shed virus 

without the corresponding elevation of IgY. There was, however, no hemagglutinating 

antibody response, suggesting a lack of an immune response to viral infection, and 

consistent with low antibody titers seen in Pekin ducks (Kida et al. 1980). Further 

complicating analysis, 1 of 4 control birds had high IgY values (Control 3) even before 

inoculation, 2 of 4 control birds showed spike in total serum IgY during the time course, 

and 3 of 10 inoculated birds had elevated IgY levels pre- as compared to post

inoculation.

Birds inoculated with Steller’s eider LPAI did not exhibit detectable viral 

shedding or hemagglutinating antibody response, suggesting that the inoculation did not 

result in infection. Unlike the northern pintail virus inoculation, however, none of the 

birds had elevated IgY pre-inoculation, and there was less overall IgY modulation, with 

fewer differences between individuals. An increase in total serum IgY in two birds, #64 

(days 14 and 21) and #67 (day 3) suggests a response, and results, while unexpected 

regarding the absence of viral shedding and hemagglutinating antibody response, are 

consistent with virally-induced modulation of humoral immunity in response to Steller’s
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eider LPAI experimental inoculation. None of the birds showed elevated IgY over the 

entire time course, so it is not likely that variations in IgY can be attributed to a higher 

natural baseline for some individuals.

Ducks are gregarious, and hatchlings were housed in pairs, primarily due to 

concerns of undue stress on individual birds housed in isolation cages for up to six weeks 

without audio or visual contact with other birds. This pairing, while realistic in relation to 

the natural history and potential for disease transmission, complicates data analysis. Of 

particular concern is transfer of virus between birds in cases where the initial inoculation 

did not result in infection. It is possible that latent infections occurred in the northern 

pintail viral inoculation, where shedding was ultimately detected in all birds, as timing of 

first shedding varied from day 1 to day 5 PI. For example, in cage G, bird #47 showed 

evidence of infection from day 2-3 PI (live virus culture from cloacal samples) and day 1

6 PI (PCR from cloacal samples), while cage mate #45 was only positive on days 5, 6 and 

10 PI (live virus) and days 5-10 PI (PCR), also for cloacal samples. Bird #45 had a 

corresponding spike in IgY at days 5-7 PI. In the Steller’s eider virus experiment, pairing 

did not affect analysis as shedding was not detected in any bird.

It is not known why control birds in the northern pintail LPAI virus inoculation 

had elevated total serum IgY as compared to STEI virus inoculated birds, or why some 

inoculated birds had higher IgY pre- compared to post-inoculation. A likely explanation 

is the differential reaction of individual birds to environmental stressors over the course 

of the experiment. Disturbances, primarily construction noise which occurred 

intermittently with work on the roof over the course of the experiment, were not 

consistently monitored. It is likely that Steller’s eider virus inoculated birds were 

subjected to less disturbance, as they were housed in a different room, and inoculated a 

week later than the northern pintail virus inoculated birds. Birds were sub-adult and were 

expected to be continually growing with consistent weight gain throughout the course of 

the experiments, although most exhibited weight loss at some point during the 

experimental inoculation time course. Weight loss was likely a sign of stress, although in 

some cases technical issues with feeder apparatus inside individual cages may have
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contributed. Weight loss did not readily correlate to IgY spikes, although in Control 1 and 

Control 2 (Cage A) of the northern pintail virus experiment, high IgY appears to correlate 

with low mass, suggesting that weight loss may have contributed to fluctuations in IgY 

levels. An alternative explanation, that elevated serum IgY is due to increased total serum 

protein as a result of dehydration in the H3N8-inoculated birds, is unlikely as spikes in 

total IgY did not correlate to elevated total serum protein values.

Finally, mallards were detectably infected with the LPAI virus isolated from a 

northern pintail, both of the family Anitidae. In contrast, the Steller’s eider virus 

inoculation experiment, there was no evidence of infection (no viral shedding) in spite of 

a suggestion of an immune response. It is of interest that a sea duck (Steller’s eider) virus 

apparently failed to infect a dabbling duck (mallard). Infectivity of the virus and/or 

susceptibility may differ substantially between the two host species. Although mallards 

were chosen as a surrogate species due to their similarities with the species of interest, 

Steller’s eiders, perhaps mallards (Family Anatinae, Tribe Anatini) and sea ducks (Family 

Anatinae, Tribe Mergini) are not close enough taxonomically to allow for infection.

In summary, we experimentally inoculated mallards with two LPAI viruses 

isolated from ducks in Alaska to test the hypothesis that humoral immunity in mallards is 

modulated by LPAI infection derived from sympatric ducks, and that virally induced 

changes in humoral immunity can be detected by quantifying total serum IgY upon 

experimental LPAI infection. Mallards were used both as a surrogate species for 

threatened Steller’s eiders, and a sympatric species to Asian migrants, as mallards are 

thought to be capable of long-distance transport of AI viruses in North America 

(Keawcharoen et al. 2008). Findings, while not conclusive, suggest challenges to and 

opportunities for further research on the humoral immune response to LPAI viruses, 

including potential ecological effects of viral transmission and pathogenicity in relation 

to environmental conditions and inter- and intra-species contact, as well as genetic 

differences in host responses between and within species. Additional experiments will be 

needed to address the potential effects of LPAI on HPAI susceptibility, and the 

susceptibility of Steller’s eiders, as a threatened species, to mortality events or
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population-level effects from HP or LP AI strains circulating in closely or distantly 

related avian species in Alaska.
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Figure 2.1. Total body mass of mallards experimentally inoculated with H3N8 isolated 

from a northern pintail (Anas acuta). Data are shown for cage mates (2 ducks per cage) 

for seven cages (A through G).
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Figure 2.2. Total body mass of mallards experimentally inoculated with H12N5 isolated 

from a Steller’s eider (Polysticta stelleri). Data are shown for cage mates (2 ducks per 

cage) for five cages (A through E).
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Figure 2.3. Total serum IgY (mg/ml) in mallards experimentally inoculated with H3N8 

LPAI isolated from a northern pintail (Anas acuta). Data are shown for cage mates (2 

ducks per cage) for seven cages (A through G).
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Figure 2.4. Total serum IgY (mg/ml) in mallards experimentally inoculated with H12N5 

LPAI isolated from a Steller’s eider (Polysticta stelleri). Data are shown for cage mates 

(2 ducks per cage) for five cages (A through E).
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Figure 2.5. Mean total serum IgY for control birds. Mean total serum IgY (mg/ml + SD) 

for four control birds (Control 1-4) in the northern pintail (H3N8) experimental 

inoculation, as compared to the two individual control birds (Control 1 and 2) from the 

Steller’s eider (H5N12) experimental inoculation.
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Figure 2.6. Mean total serum protein of H3N8 inoculated birds. Four birds in the northern 

pintail LPAI (H3N8) experiment (#45, #14, Control 1, #46) that had elevated total serum 

IgY were evaluated for a) total serum protein (g/dL) as compared to b) total serum IgY 

values (mg/ml).
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Table 2.1. Detection of live virus by HA in mallards experimentally inoculated with 

H3N8. Cloacal and oral sample results (presence (+) or absence (-) of live virus detected) 

in mallards experimentally inoculated with H3N8 LPAI isolated from a northern pintail 

(Anas acuta) on experimental days 1-28 post inoculation. nt= not tested.

Presence (+) o r absence (-) o f live  v iru s  in c loaca l sam p les o f no rthe rn  p in ta il 
LPAI inocu la ted  ducks. n t= no t tes ted .

B ird  # Cage # 1 2 3 4 5 6 7 10 14 21 28
Control 1 A - - - - - nt nt nt nt nt nt
Control 2 A - - - - - nt nt nt nt nt nt
Control 3 B - - - - - nt nt nt nt nt nt
Control 4 B - - - - - nt nt nt nt nt nt

19 C - + + + + + + - nt nt nt
44 C - - + + + - + - nt nt nt
14 D - - + + + - - - nt nt nt
22 D - - - - - - - - nt nt nt
15 E + + + + + + + - nt nt nt
48 E - - + + - - - - nt nt nt
21 F - + + - - - + - nt nt nt
24 F - - - + + + - - nt nt nt
45 G - - - - + + + + - - nt
47 G - + + - - - - - nt nt nt

P resence (+) o r absence (-) o f live  v iru s  in o ra l sam p les o f no rthe rn  p in ta il LPAI 
inocu la ted  ducks . nt= no t tes ted .

B ird  # Cage # 1 2 3 4 5 6 7 10 14 21 28
Control 1 A nt nt nt nt nt nt nt nt nt nt nt
Control 2 A nt nt nt - - nt nt nt nt nt nt
Control 3 B - - - - - nt nt nt nt nt nt
Control 4 B - - - - - nt nt nt nt nt nt

19 C - - - + - - - - nt nt nt
44 C - - - - - nt nt nt nt nt nt
14 D - - - - - nt nt nt nt nt nt
22 D nt nt nt nt nt - nt nt nt nt nt
15 E + - - - - - nt nt nt nt nt
48 E - - - - - nt nt nt nt nt nt
21 F - - - + - - nt nt nt nt nt
24 F nt nt nt nt nt - nt nt nt nt nt
45 G - - - - - nt nt nt nt nt nt
47 G nt nt nt nt nt nt nt nt nt nt nt
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Table 2.2. Detection of virus by PCR in mallards experimentally inoculated with H3N8. 

Cloacal and oral sample results (presence (+) or absence (-) of virus detected) in mallards 

experimentally inoculated with H3N8 LPAI isolated from a northern pintail (Anas acuta) 

on experimental days 1-28 post inoculation. nt= not tested.

Presence (+) o r absence (-) o f v iru s  de tected by PCR in c loaca l sam p les o f
no rthe rn  p in ta il LPAI inocu la ted  ducks . nt= no t tes ted .

B ird  # Cage # 1 2 3 4 5 6 7 10 14 21 28
Control 1 A - - - - - - - - nt nt nt
Control 2 A nt
Control 3 B nt
Control 4 B - - - - - - - - nt nt nt

19 C + - - + + + + - nt nt nt
44 C - - + + + + + - - - nt
14 D - - + + + - - - nt nt nt
22 D - + + + + + - + - - nt
15 E + + + + + + + - - - nt
48 E - + + + + - - - - - nt
21 F - + + + + + + + - - nt
24 F - - - + + + - - - - nt
45 G - - - - + + - + - - nt
47 G + + + + + + - - nt nt nt

P resence (+) o r absence (-) o f v iru s  de tected by PCR in o ra l sam p les o f S te lle r's  
e ide r LPAI inocu la ted  ducks . nt= no t tes ted .

B ird  # Cage # 1 2 3 4 5 6 7 10 14 21 28
Control 1 A - - - - - - - - nt nt nt
Control 2 A - - - - - - - - nt nt nt
Control 3 B - - - - - - - - nt nt nt
Control 4 B - - - - - - - - nt nt nt

19 C - - - - - - - - nt nt nt
44 C - - - - - - - - nt nt nt
14 D - - - - - - - - nt nt nt
22 D - - - - - - - - nt nt nt
15 E + - - - - - - - nt nt nt
48 E - - - - - - - - nt nt nt
21 F - - - - - - - - nt nt nt
24 F - - - - - - - - nt nt nt
45 G + - - - - - - - nt nt nt
47 G + + - - - - - - nt nt nt
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Table 2.3. Detection of live virus by HA in mallards experimentally inoculated with 

H12N5. Cloacal and oral sample results (presence (+) or absence (-) of live virus 

detected) in mallards experimentally inoculated with H12N5 LPAI isolated from a 

Steller’s eider (Polysticta stelleri) on experimental days 1-28 post inoculation. nt= not 

tested.

Presence (+) o r absence (-) o f live  v iru s  in c loaca l sam p les o f S te lle r 's  e ide r  
LPAI inocu la ted  ducks. n t= no t tes ted .

B ird  # Cage # 1 2 3 4 5 6 7 10 14 21 28
Control 1 A - - - - - nt nt nt nt nt nt
Control 2 A - - - - - nt nt nt nt nt nt

60 B - - - - - nt - nt nt nt nt
64 B - - - - - nt nt nt nt nt nt
66 C - - - - - nt nt nt nt nt nt
59 C - - - - - nt - nt nt nt nt
63 D - - - - - nt - nt nt nt nt
65 D - - - - - nt nt nt nt nt nt
58 E - - - - - nt - nt nt nt nt
67 E - - - - - nt - nt nt nt nt

P resence (+) o r absence (-) o f live  v iru s  in o ra l sam p les o f S te lle r 's  e ide r LPAI 
inocu la ted  ducks . nt= no t tes ted .

B ird  # Cage # 1 2 3 4 5 6 7 10 14 21 28
Control 1 A - - - - - nt nt nt nt nt nt
Control 2 A - - - - - nt nt nt nt nt nt

60 B - - - - nt nt nt nt nt nt nt
64 B - - - - nt nt nt nt nt nt nt
66 C - - - - nt nt nt nt nt nt nt
59 C - - - - nt nt nt nt nt nt nt
63 D - - - - nt nt nt nt nt nt nt
65 D - - - - - nt nt nt nt nt nt
58 E - - - - - nt nt nt nt nt nt
67 E - - - - nt nt nt nt nt nt nt
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Table 2.4. Detection of virus by PCR in mallards experimentally inoculated with H12N5. 

Cloacal and oral sample results (presence (+) or absence (-) of virus detected) in mallards 

experimentally inoculated with H12N5 LPAI isolated from a Steller’s eider (Polysticta 

stelleri) on experimental days 1-28 post inoculation. nt= not tested.

Presence (+) o r absence (-) o f v iru s  de tected by PCR in c loaca l sam p les o f  
S te lle r 's  e ide r LPAI inocu la ted  ducks . n t= no t tes ted .

B ird  # Cage # 1 2 3 4 5 6 7 10 14 21 28
Control 1 A - - - - - nt nt nt nt nt nt
Control 2 A - - - - - nt nt nt nt nt nt

60 B - - + - - nt nt nt nt nt nt
64 B - - - - - nt nt nt nt nt nt
66 C - - - - - nt nt nt nt nt nt
59 C - - - - - nt nt nt nt nt nt
63 D - - - - - nt nt nt nt nt nt
65 D - - - - - nt nt nt nt nt nt
58 E - - - - - nt nt nt nt nt nt
67 E - - + - - nt nt nt nt nt nt

P resence (+) o r absence (-) o f v iru s  de tected by PCR in o ra l sam p les o f 
S te lle r 's  e ide r LPAI inocu la ted  ducks . n t= no t tes ted .

B ird  # Cage # 1 2 3 4 5 6 7 10 14 21 28
Control 1 A nt nt
Control 2 A

60 B
64 B
66 C
59 C
63 D
65 D
58 E
67 E
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CHAPTER 3:

Characterization of the immune response to a sea duck adenovirus in mallards (Anas

platyrhynchos)

ABSTRACT

Long-tailed ducks (Clangula hyemalis), like many species of sea ducks, have 

undergone population declines in recent decades, leading to their current at risk 

designation. Investigation of a large mortality event in 2000 among molting long-tailed 

ducks in Alaska led to isolation and characterization of a novel adenovirus. Mallards 

(Anasplatyrhynchos) as a surrogate species were experimentally inoculated with a high- 

or low-dose of the novel adenovirus or a vehicle control to characterize the pathogenicity 

of and clinical response to the virus, and in this study we further characterize their 

humoral immune response. Our main finding was the suggestion of a humoral immune 

response in the low-dose group, as evidenced by increased total serum IgY above 

baseline levels. The high-dose birds did not exhibit increased total serum IgY, in spite of 

7 of 8 birds showing signs of infection. Evidence of infection in the inoculated birds 

included virus isolation from cloacal swabs and tissue samples in both high-dose and 

low-dose groups and seroconversion in the high-dose group. This study of viral immune 

response of a sea duck virus contributes to our further understanding of diseases in 

Alaska’s sea ducks.
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INTRODUCTION

Long-tailed ducks (Clangula hyemalis) are diving sea ducks that breed on the 

arctic coastal tundra, molt in nearshore arctic marine environments and winter over an 

extensive range including the temperate and sub-arctic coasts of North America 

(Robertson & Savard 2002). In Alaska, long-tailed ducks breed throughout the coastal 

tundra including the Yukon-Kuskokwim Delta and molt on the nearshore lagoons of the 

Beaufort Sea, where they congregate in large flocks for several weeks in July and August. 

After the molt, the population disperses to wintering sites, including the Alaska Peninsula 

and the south-central coast and Aleutian chain in Alaska, where long-tailed ducks are 

regularly found in mixed flocks. Like many species of sea ducks, populations of long

tailed ducks have declined significantly since the mid-1970s, leading to the current at risk 

designation (Hollmen et al. 2003).

Investigation of a large mortality event in 2000 among molting long-tailed ducks 

in the lagoons of the Beaufort Sea led to isolation and characterization of a novel 

adenovirus (Hollmen et al. 2003). Molting congregations of thousands of long-tailed 

ducks in the Beaufort Sea allow for considerable intra-species exposure to viral diseases, 

especially by fecal-oral transmission. Evidence suggests the adenovirus is a likely cause 

for the long-tailed duck die-off in 2000, although the reason for the high pathogenicity of 

the virus is unknown. Hollmen et al. (2003) found evidence of extensive exposure to the 

adenovirus in serum and cloacal samples collected at the outbreak site in 2000.

Relatively little is known of viral diseases in sea ducks and their potential for 

population level effects. Some viral agents have been characterized to date including a 

reovirus (Hollmen et al. 2002) and an adenovirus (Hollmen et al. 2003), both in common 

eiders associated with die-offs in Finland, and low-pathogenicity avian influenza, which 

has been detected in Steller’s eiders, long-tailed ducks and other sea ducks in Alaska (Ip 

et al. 2008; Koehler et al. 2008). Viral agents including West Nile virus and high- 

pathogenicity avian influenza have caused high mortalities in wild birds worldwide 

(Friend 2006; Centers for Disease Control and Prevention 2007), and die-offs of long
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tailed ducks in North America have been attributed to non-viral disease agents including 

avian cholera and botulism type E (Montgomery et al. 1979).

Mallards (Anas platyrhynchos) were experimentally inoculated to characterize the 

pathogenicity of and clinical response to the novel adenovirus. Mallards were used as 

surrogates for several reasons. They are available from captive sources and their 

requirements for maintenance in captivity are established. They belong to the same 

taxonomic family as sea ducks, with a relatively similar body size. In the experiment, as 

well as in a previous experimental inoculation in captive-bred long-tailed ducks, the long

tailed duck adenovirus was pathogenic but did not result in mortalities (Hollmen et al. 

2003; L. Skerratt, unpublished data). Mortalities previously observed in wild birds 

(Hollmen et al. 2003) may have been at least partly attributable to compromised 

immunity, possibly due to seasonal effects, nutritional stress, or anthropogenic effects 

such as contaminants.

This investigation is part of a larger effort to characterize sea duck immunity 

seasonally and in response to viruses, and to understand potential effects of immune 

status on viral susceptibility of sea ducks. Viral transmission may be high during seasons 

when sea ducks congregate in large numbers, as during wing feather molt, or in mixed 

species flocks, as in winter. We hypothesize that humoral immunity as measured by total 

serum immunoglobulin Y (IgY) in mallards as a surrogate species is modulated by 

exposure to a sea duck adenoviral isolate, and that virally induced changes in humoral 

immunity as measured by total IgY levels in serum correlate to active infection.

M ATERIALS AND METHODS

Preparation of inoculum and viral challenge. Total serum IgY was measured in 

archived serum samples from an experimental inoculation of long-tailed duck adenovirus 

in mallards (Hollmen et al. 2003; L. Skerratt, unpublished data). Briefly, the adenovirus 

isolated from long-tailed ducks was grown at the United States Geological Survey 

National Wildlife Health Center (NWHC) (L. Skerratt, unpublished data) in Muscovy 

duck embryo fibroblasts (MDEF) (Docherty & Slota 1988). Mallards purchased from a
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duck breeder at one day old were housed in isolation rooms together for five weeks, then 

randomly divided into three groups for the experiment (control, low- and high-dose). 

Birds in the infected groups were inoculated orally (low dose, 3.5 x 105 IU, n=9, L1-L9; 

high dose, 1.6 x 106 IU, n=9, H1-H9); control birds (n=8; C1-C8) were given vehicle 

medium only. Serum samples and cloacal swabs were collected and processed by 

standard methods twice weekly to determine antibody responses and duration of virus 

shedding, and birds were monitored for clinical signs of illness. Half of the birds in each 

group were euthanized by cervical dislocation one week post-inoculation (PI) and the 

remainder two weeks PI for histology (L. Skerratt, unpublished data).

IgY purification. IgY was purified from mallard egg yolk using commercially- 

available reagents designed for purification of chicken immunoglobulin G (IgG) from 

egg yolk. The protocol was adapted from the manufacturer’s protocol. Briefly, 12 

volumes of cold Eggcellent delipidation reagent (Pierce, Thermo Fisher Scientific, 

Rockford, IL) were added to one volume of mallard egg yolk (2.0-4.0 ml) in a covered 

glass beaker, mixed on a stir plate and incubated at 4oC overnight. After gently remixing, 

the diluted yolk was divided into 2.0 ml microcentrifuge tubes and centrifuged at 10,000 

g in a 4oC microcentrifuge for 15 min. The supernatants were combined in a glass beaker, 

and the pellets discarded. After gentle mixing an additional five original volumes of cold 

delipidation reagent were added, remixed and incubated at 4oC for 4 hr. The diluted yolk 

was again mixed, divided into 2.0 ml microcentrifuge tubes and centrifuged at 10,000 g 

at 4oC for 15 min. To the resulting combined supernatant, an equal volume of cold IgY 

precipitation reagent was added with gentle mixing on a stir plate for 2 min. The beaker 

was covered and incubated at 4oC overnight. The sample was then re-mixed and divided 

again into 2.0 ml microcentrifuge tubes and centrifuged at 10,000 g at 4oC for 15 min.

The supernatants were discarded, taking care not to disturb the pellets. Pellets were 

combined by adding 0.1 ml cold PBS to each tube followed by gentle vortexing and 

pipeting to resolubilize the protein. IgY preparations were analyzed for protein 

concentration (Pierce Micro-BCA Protein Assay, Thermo Fisher Scientific, Rockford, IL) 

and by protein gel electrophoresis using 12% SDS gel (Pierce Precise Protein Gels,
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Thermo Fisher Scientific, Rockford, IL), both as per the manufacturer’s protocol. The 

samples were then pooled and similarly analyzed for protein concentration and by gel 

electrophoresis and stored at -20oC in aliquots.

Total IgY quantification. Microtiter plates (Nunc, Thermo Fisher Scientific, 

Rochester, NY) were coated with 50 p,l per well anti-bird IgG (Bethyl, Montgomery, TX) 

diluted to 10 p,g/ml in coating buffer (15 mM Na2CO3, 35 mM NaHCO3, pH 9.6) and 

incubated overnight at room temperature. Plates were covered during incubations to 

prevent evaporation. IgY purified from mallard egg yolk was diluted to 1 p,g/ml in PBS, 

then serially diluted 1:2 to 8 ng/ml to form a standard curve. Mallard serum samples were 

diluted 1:8000 in PBS, and then serially diluted 1:2 to 1:32,000. Plates were washed four 

times with 250 p,l wash buffer (PBS containing 0.05% Tween-20 (Thermo Fisher 

Scientific, Rochester, NY)) using a plate washer. IgY standard, serum or PBS was added 

to wells in duplicate. Plates were incubated for 1 hr at 37oC and washed four times with 

wash buffer. Horseradish peroxidase (HRP)-labeled anti-duck IgG (KPL, Inc., 

Gaithersburg, MD) antibody was diluted to 1:2000 in PBS and 50 p,l was added to each 

well. Plates were incubated for 1 hr at 37oC and washed four times with wash buffer. 

Substrate (ABTS (KPL, Inc., Gaithersburg, MD)) was added at 50 p,l per well. Plates 

were incubated at room temperature for 30 min. Plates were read in a microtiter plate 

reader at 405 nm and analyzed using Softmax Pro Version 5 software (Molecular 

Devices, Sunnyvale, CA).

RESULTS

Experim ental inoculations. There were no mortalities in either the long-tailed 

duck or mallard experiment, but the lesions observed, including intestinal hemorrhage, 

inclusion body hepatitis, and lymphoid tissue pathology, were consistent with enteric 

pathology characteristic of avian adenoviral infections (L. Skerratt, unpublished data). 

Virus was isolated from tissues of inoculated ducks, with 5 of 10 low-dose birds and 7 of 

8 high-dose birds testing positive in at least one tissue sample (T. Hollmen, unpublished 

data). Virus was present in cloacal swabs collected on day 4 PI or later in 2 of 10 low-
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dose birds and 2 of 8 high-dose birds (T. Hollmen, unpublished data). Seroconversion, 

indicated by the presence of virus-specific antibody in the serum, was detected in birds of 

the high-dose group, but not the low-dose or control groups. (T. Hollmen, unpublished 

data).

Total serum IgY. Total serum IgY values from experimentally inoculated 

mallards are shown in Fig. 3.1. Values ranged from 2.72 to 10.08 mg/ml IgY for control 

group birds (C1-C8, n=8) for the time period of day 1 PI to day 14 PI (Fig. 3.1a). These 

values were used as baseline values for the inoculated groups over the same time period. 

Six individuals from the control group showed little fluctuation of total serum IgY 

concentrations during the 14 day time course, ranging from a low value of 2.72 mg/ml 

(C8) to a high of 4.50 mg/ml (C4). One individual (C7) had an initial value of 5.51 mg/ml 

IgY at day 1 PI, increasing to 7.85 mg/ml at day 4 PI and 10.08 mg/ml at day 7 PI, the 

last time point sampled for bird C7. An initial value of 6.79 mg/ml IgY was measured for 

bird C2 at day 1 PI, decreasing to 6.44 mg/ml on day 4 PI and 5.48 mg/ml on day 7 PI, 

also the last time point sampled. It is not known if the high values are due to natural 

variation or clinical responses to environmental factors.

Total serum IgY values for the low-dose group (L1-L9) were 2.07-14.90 mg/ml 

(n=9). In six birds, all values were below the control group baseline high of 10.08 mg/ml 

for the day 1 PI to day 14 PI time course. Three low-dose birds (L4, L5 and L9) had 

values above the baseline range; these occurred at days 4 PI and 7 PI (L4), day 7 PI (L5) 

and day 1 PI through 14 PI (L9) (Fig. 3.1b).

Total serum IgY values for the high-dose group (H1-H9) were 2.04-9.70 mg/ml 

(n=9), slightly below the range of the control group. All birds except one (H5) had 

increased IgY between day 1 PI and day 4 PI, although none of the values were above 

control group baseline levels. The few birds with IgY data at the later time points were 

decreasing by day 7, 11 and 14 PI (Fig. 3.1c).
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DISCUSSION

Experimental inoculations have been conducted in two duck species (long-tailed 

ducks and mallards) with adenovirus isolated from a long-tailed duck at the site of a 

mortality event in 2000 (Hollmen et al. 2003; L. Skerratt, unpublished data). In the long

tailed duck experiment, most inoculated birds shed virus for approximately two weeks, 

then periodically for up to 3.5 months. Adenovirus-specific antibody concentrations 

decreased after three weeks, and exhibited an undulating pattern for up to 3.5 months (i.e. 

the duration of the experiment). There were no mortalities in either the long-tailed duck 

or mallard experiment, but the lesions observed in both species, as well as in wild long

tailed ducks from which the virus was isolated, included intestinal hemorrhage, inclusion 

body hepatitis, and lymphoid tissue pathology consistent with enteric pathology 

characteristic of avian adenoviral infections (Hollmen et al. 2003; L. Skerratt, 

unpublished data).

In the mallard experimental inoculation, there were no clinical signs observed in 

any of the groups, although evidence of infection in the inoculated birds included virus 

isolation from cloacal swabs and tissue samples in both high-dose and low-dose groups, 

seroconversion in the high-dose group, as well as lesions described above. Total serum 

IgY ranged from 2.04 to 14.90 mg/ml. Birds in the high-dose group had a similar range 

of serum IgY as control birds, which were used for baseline values. In the low-dose 

group, however, 3 of 9 birds had elevated serum IgY at one or more time points post

inoculation.

Total serum IgY elevated above baseline values in three of the low-dose 

inoculated birds suggests a humoral immune response, consistent with infection. It is not 

known if the increased antibody post-inoculation is specific to the adenovirus, although 

this is currently under investigation (T. Hollmen, unpublished data). While it is 

interesting that experimental inoculations using a virus associated with a mortality event 

did not result in morbidity or mortality in long-tailed ducks or mallards, effects on wild 

birds may be more severe due to physiological or environmental factors, especially 

during nutritionally demanding activities such as the molt (Hollmen et al. 2003).
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A wide variation in baseline serum IgY values from control birds was found. Two 

likely sources of variation exist. The first is individual variability, due to genetics or 

environment, including the possibility that the three control birds with high IgY values 

were responding to environmental factors in their captive environment that were not 

noted by researchers. The second is technical error caused by blood clotting during serum 

processing or extensive dilutions conducted in preparation for the assay; it is not known 

whether error caused by clotting would be random, or consistent for individuals over the 

sampling period. The ELISA is a sensitive colorimetric tool for quantifying proteins, and 

serum requires dilution of up to 1:64,000 to dilute IgY into a measurable range. This 

large dilution factor is responsible for a significant yet unavoidable process error of up to 

50-100% in a preliminary analysis of duplicate samples, which is indistinguishable from 

individual variation with our current methods.

An observed increase in total serum IgY above baseline levels, although not 

tested statistically and found to be significant, suggested a humoral immune response. An 

interesting finding warranting further investigation was that high-dose birds did not 

appear to respond with an increase in total serum IgY, in spite of 7 of 8 birds showing 

signs of infection. Future directions include correlation of individual bird infection and 

serology data to total serum IgY values, and measurement of the adenovirus-specific 

immune response to the long-tailed duck adenovirus inoculated into mallards and long

tailed ducks. A species-specific IgY assay for long-tailed duck serum would be 

beneficial. These methods would allow for evaluation of the relationship between total 

serum IgY and viral shedding and the presence of adenovirus-specific antibody in the 

serum for both the mallard and the long-tailed duck experimental inoculations.

Prevalence of and prior exposure to viruses, species-specific morbidity, mortality 

and susceptibility rates, and the capacity for intra- and inter-species transmission are 

important to the management of sea ducks. This study of viral immune response of a sea 

duck virus, in conjunction with concurrent baseline humoral immune studies and ongoing 

disease surveys in molting and wintering sea ducks, will contribute to our further 

understanding of diseases in Alaska’s sea ducks throughout their annual cycle.
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Figure 3.1
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Figure 3.1 continued.
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Figure 3.1 continued.
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Figure 3.1. Total serum IgY (mg/ml) of mallards experimentally inoculated with an 
adenovirus isolated from a long-tailed duck (Clangula hyemalis) over a 14 day time 
course. The control group (a) received media alone (n=8; C1-C8), low-dose group (b) 
was inoculated with 3.5 x 105 IU of virus (n=9; L1-L9), and the high-dose group (c) was 
inoculated with 1.6 x 106 IU virus (n=9; H1-H9).
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GENERAL CONCLUSIONS

Species-specific assays were developed to quantify total serum immunoglobulin 

Y (IgY) from Steller’s eiders, a sea duck listed as threatened in Alaska. The assay 

allowed determination of species-specific baseline values for total serum IgY using 

repeated samples collected from a captive flock of male and female Steller’s eiders 

during two physiologically important seasons, molt and winter.

There were no significant differences found in mean total serum IgY between 

males and females or between molt (August-September) and winter (January-March) in 

captive birds. Therefore, results were combined for baselines; however, gender-specific 

mean concentrations were provided for future studies focusing on the breeding season 

during which gender differences in immunological indicators have been observed in 

related species.

Free-ranging Steller’s eiders were sampled as a first step toward understanding 

humoral immunity in free-ranging populations during different seasons. Disease agents 

including viruses are ubiquitous in the environment, and seasonal differences in exposure 

and susceptibility are important research questions, as disease may be a contributing 

factor to sea duck population declines. Free-ranging Steller’s eiders sampled over the 

same overall time period as the captive birds (2004-2006) at two locations in southwest 

Alaska, Izembek Lagoon and Unalaska Island, had significantly higher mean total serum 

IgY during the molt (August-September) and mid-winter (January) but not late winter 

(February-March) compared to captive baseline values. Increased total serum IgY in free- 

ranging as compared to captive birds suggests 1) increased exposure of free-ranging birds 

to disease agents, and/or 2) increased susceptibility of free-ranging birds exposed to 

disease agents. Free-ranging Steller’s eiders also had significantly higher levels of IgY in 

mid-winter in 2005, the only year sampled for this time frame, when compared to late 

winter (February-March, 2005-2006) or molt (2004-2005). Although the mid-winter 

sample size was small, this suggests that increased total serum IgY may indicate
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increased disease exposure and/or susceptibility during the coldest, darkest months of the 

sub-arctic winter is intriguing and warrants further study.

To further investigate the humoral immune response of sea ducks to viral 

exposure, a series of experiments were undertaken to explore the total serum IgY 

response to infection in mallards as a surrogate species for Steller’s eiders. Two LPAI 

viruses isolated from free-ranging sympatric ducks in Alaska (Steller’s eider and northern 

pintail) were inoculated into mallards and total serum IgY immune response profiles were 

determined. LPAI viruses isolated from different species had differential effects on 

mallards; evidence of infection was detected in mallards inoculated with a H3N8 LPAI 

virus isolated from a northern pintail, but not with a H12N5 LPAI virus isolated from a 

Steller’s eider. Neither of the two experiments resulted in a detectable virus-specific 

antibody response, and the total serum IgY results in the H3N8 experimental inoculation 

were inconclusive due to variability in total serum IgY of control birds. An increase in 

total serum IgY, however, in two H12N5 inoculated birds suggests a response. This 

result, while consistent with and suggestive of virally-induced modulation of humoral 

immunity in response to Steller’s eider LPAI experimental inoculation is unexpected due 

to the absence of either infection or a virus-specific antibody response and warrants 

further investigation. In a separate experiment, mallards were inoculated with an 

adenovirus isolated from a long-tailed duck in Alaska. Elevated total serum IgY in 

mallards infected with a low dose of adenovirus, although not significant, was similarly 

suggestive of a humoral immune response. While not conclusive, these experimental 

inoculations suggest challenges to and opportunities for further research on the humoral 

immune response to LPAI viruses. Of interest are the potential ecological considerations 

of viral transmission and pathogenicity in relation to environmental conditions and inter- 

and intra-species contact, as well as genetic differences in host responses between and 

within species.

Finally, development of methods to further study the duck immune response to 

virus is outlined in three appendices. Appendix 1 outlines preliminary work to further 

validate anti-duck IgY ELISA methods and characterize sea duck IgY structure.
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Appendix 2 addresses efforts to quantify IgM as a measure of the early immune response 

to viral infection in sea ducks. Appendix 3 describes preliminary results toward 

development of an ELISA to measure anti-adenovirus IgY antibodies from duck serum.

In conclusion, quantification of total serum IgY from captive and free-ranging 

Steller’s eiders as well as experimental viral inoculations in a surrogate species has 

created a relevant context for total serum IgY data and a foundation toward our further 

understanding of humoral immunity in sea ducks. Future studies in Steller’s eiders, a 

threatened species, should assess the susceptibility and immune response to avian 

influenza and adenovirus strains circulating in closely or distantly related sympatric bird 

species in Alaska.
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APPENDIX 1:

Gel Electrophoresis

INTRODUCTION

Immunoglobulin Y (IgY) was isolated from eggs to provide species-specific 

reference protein for quantification of Steller’s eider and mallard serum IgY in enzyme- 

linked immunosorbant assays (ELISA). The ELISA quantifies IgY protein by binding 

serum IgY to a labeled antibody, followed by a colorimetric reaction in which a chemical 

substrate is altered by the enzyme label attached to the antibody. In this study, we used 

several commercially available labeled anti-IgY antibodies which are specific to chicken, 

mallard and wild-bird (a mixture of several wild bird species including mallard) IgY. An 

important ELISA validation step is to confirm that each antibody binds to IgY, and not to 

other abundant serum proteins, i.e. albumin. It is also important to determine which IgY 

molecules are recognized by the antibody. In a Western blot, IgY and truncated IgY 

(IgY(AFc)) are separated into molecular components by gel electrophoresis. The protein 

bands are transferred to a nitrocellulose membrane, or blot. The antibody is bound to 

protein bands in the blot in a colorimetric assay, and the identity of the protein is 

determined from its molecular weight (MW).

This series of experiments addressed three objectives:

1. Confirm that the anti-IgY antibodies used bind to serum or egg IgY, and not another 

abundant protein, by detecting bands of correct molecular weight (MW) by sodium 

dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) followed by a Western 

blot.

2. Evaluate evidence of IgY (AFc) in Steller’s eider serum and confirm the presence of 

IgY (AFc) in mallard serum, and, if present, approximate the ratio of truncated to full- 

length IgY in serum.

3. Determine if IgY (AFc) is present in detectable quantities in Steller’s eider or mallard 

egg yolk by analyzing purified IgY prepared from Steller’s eider and mallard eggs on a 

Western blot.
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M ATERIALS AND METHODS

SDS-PAGE was used to determine the MW of truncated and full-length IgY in 

egg and serum for both Steller’s eider and mallard. Proteins were denatured into 

molecular components and separated into bands of distinct sizes compared to MW 

markers followed by Western blot to determine the specific binding of each antibody to 

an IgY band. Briefly, serum or egg IgY samples were diluted in 50 ^l of sample buffer 

(Biorad, Hercules, CA) containing 10% P-mercaptoethanol to break disulfide bonds and 

dissociate heavy and light chains. Samples were boiled for 2 min and loaded into separate 

wells of a 12% SDS polyacrylamide gel (Lonza, Inc., Basel, Switzerland), with reference 

protein of known molecular weight (Precision Plus Protein unstained standards, Biorad, 

Hercules, CA). The gel was run for 2 hrs at 120 V. A Western blot was performed by 

protein transfer from the gel to a nitrocellulose membrane (Biorad, Hercules, CA) for 2 

hrs at 4oC at 276 V in transfer buffer (Sepra Buff, Bio-Sepra, France) containing 10% 

methanol. The membrane was rinsed in water, placed in a small container with blocking 

buffer (Detector Block, KPL, Inc., Gaithersburg, MD) and incubated for 1 hr at room 

temperature (RT), followed by two washes of 5 min in phosphate-buffered saline (PBS). 

Anti-bird IgY antibody labeled with horseradish peroxidase (HRP) (Bethyl, Montgomery, 

TX) was added at a dilution of 1:1000, and Precision Protein StrepTactin-AP Conjugate 

(Biorad, Hercules, CA) was added at 1:500, both diluted in PBS. After 1 hr incubation at 

RT followed by two washes of 5 min in wash buffer (phosphate-buffered saline (PBS) 

containing 0.05% Tween-20 (Thermo Fisher Scientific, Rochester, NY)) and one wash of 

5 min in PBS, TMB Membrane Peroxidase Substrate (KPL, Inc., Gaithersburg, MD) was 

added. The resulting colorimetric assay was stopped with water when sufficient color had 

developed (approximately 5-10 minutes). The membrane was photographed and stored at 

-20oC.

RESULTS AND DISCUSSION

Results are preliminary. The Western blot detected bands of protein, sized by 

comparison to MW markers that bind anti-IgY antibody. Due to technical issues, it was
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not possible to positively assign an accurate MW to reference bands, and it has not been 

determined conclusively that the sizes for MW markers indicated in Fig. A1.1 are correct. 

They may be offset, i.e. the top band may not be the 250 kD band as indicated in Fig. 

A1.1, which would significantly skew results. The primary issue was that different 

preparations of MW markers from different suppliers did not correspond to each other 

when run in adjacent wells of the same gel. A second problem was lack of resolution on 

the smaller sized gels (9 x 10 cm); a larger format gel of 16 x 16 cm, which was 

unavailable for this study, would likely allow more precise determination of the MW of 

bands from both MW markers and sample lanes.

Given these challenges, the Western blot in Fig. A1.1 has been analyzed for the 

presence of full-length and truncated IgY (AIgY) in purified egg IgY (Steller’s eider and 

mallard), serum (chicken) IgY and serum (mallard and chicken) samples. Table A1.1 

compares observed MW in relation to the MW determined by MW markers, as well as 

predicted sizes for molecular components of IgY (Higgins & Warr 1993). A band of 

approximately 120 kD was detected in mallard and Steller’s eider purified egg IgY 

sample lanes, possibly corresponding to the intact IgY (AFc) molecule, made up of two 

heavy (H) and two light (L) chains. It is unknown why the intact full-length IgY molecule 

does not appear as a larger band, although one explanation would be that the truncated 

version is more resistant to disassociation by the action of SDS, a detergent, and P- 

mercaptoethanol, which reduces disulfide bridges. Very faint bands appeared to be 

present in the chicken serum lane, which may be explained by a small amount of protein 

constituting the band, or reduced cross-reactivity of the antibody. Cross-reactivity may be 

determined in the future by comparing bands in the Western blot to a gel stained for total 

protein. An additional band was seen at approximately 100 kD in both serum lanes 

(mallard and chicken). It is unknown what protein this band represents; it may be an 

unrelated or unexpected serum protein binding to the anti-IgY antibody (i.e. a subunit of 

IgM), or may be an IgY component that cannot be identified due to inaccuracies 

described above.
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Molecular components of IgY are the heavy chain and truncated heavy chain, 

predicted to be approximately 64 and 38 kD, respectively, and the light chain, which at 

22 kD for both the full-length and truncated IgY is below the detectable size range of the 

Western blot based on the MW markers as defined in Fig A1.1. Bands of similar sizes, 

approximately 64 and 38 kD, are present in the mallard and Steller’s eider purified IgY 

and serum lanes, but not in chicken samples. This result is interesting, as it suggests that 

1) the bands have been correctly identified, 2) that the antibody is correctly identifying 

IgY, and 3) the truncated IgY is present in Steller’s eider egg. Consistent with our 

preliminary results, a previous report found that full-length IgY is the primary antibody 

maternally transferred to the mallard egg yolk, while both full-length and truncated IgY 

are present in the serum (Liu & Higgins 1990).

Our first objective was to confirm that the polyclonal anti-bird IgY antibody used 

binds to serum or egg IgY, and not another abundant protein such as IgM, by detecting 

bands of correct MW in a Western blot. Preliminary results suggest that the anti-IgY 

antibody used recognizes intact IgY and its molecular components, although it may also 

recognize another unrelated serum protein of 100 kD. This size may be consistent with 

the presence of IgM, a large pentameric molecule with heavy chain and light chain 

subunits of 86 and 23-25 kD, respectively. The size of the band approximates the 

expected size of a single subunit of IgM, with the bond between the heavy and light 

chains intact for a total size of 110 kD.

Our second objective was to detect evidence of truncated IgY (AFc) in Steller’s 

eider serum and confirm the presence of IgY (AFc) in mallard, and, if  present, to 

approximate the ratio of IgY (AFc) to IgY in serum. Preliminary analysis suggests that 

IgY (AFc) is present in Steller’s eider egg and serum, although serum ratios cannot be 

determined at this resolution. It is important to ultimately confirm this preliminary result, 

as this represents the first evidence of truncated IgY in a sea duck species, and will 

provide an essential component of our understanding of sea duck humoral immunity in 

the future.
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Our third objective was to determine if IgY (AFc) is present in detectable 

quantities in egg yolk, and preliminary evidence suggests we can detect IgY (AFc) in 

mallard and Steller’s eider egg.

Although results are preliminary, this is an interesting line of investigation and 

important for validation of the assays used in this overall study. Future directions should 

include validation of the technique by using a larger gel format for greater resolution, 

carefully determining sizes of the MW markers for accurate reference, and analyzing 

samples that have been de-glycosylated to reduce the size of the molecules to the 

expected size of the translated IgY protein components. When the stated objectives have 

been achieved, serum from additional sea duck species will further allow us to determine 

how wide spread the IgY (AFc) molecule is among sea ducks, which will be an important 

step in further studies to characterize sea duck immunity.
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Figure A1.1. Western blot of IgY protein from Steller’s eider (purified egg IgY), mallard 

(serum and purified egg IgY) and chicken (serum and commercially purified serum IgY). 

Molecular weights for each band were approximated by the MW markers (Precision Plus 

Protein unstained standards, detected by Precision Protein StrepTactin-AP Conjugate, 

Biorad, Hercules, CA) shown in kilodaltons (kD) at right.
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Table A1.1. Predicted MW (kD) of IgY components and preliminary determinations of 

band sizes. Bands (Fig. A1.1) of a size consistent with truncated IgY (IgY (AFc)) are 

present in Steller’s eider and mallard egg and serum. A very slight band of a similar size 

to the intact IgY (AFc) may be present in chicken serum and purified chicken serum IgY, 

although the presence of this band could not be confirmed.

IgY

component

Predicted 

size (kD)

Purified 

Steller’s 

eider 

egg IgY

Purified 

mallard 

egg IgY

Mallard

serum

Chicken

serum

Purified

chicken

serum

IgY

Intact IgY 1 7 8 - 2 0 0

Intact IgY 

(A Fc) 1 1 4 - 1 3 4 1 2 0 1 2 0 1 2 0

s l i g h t

b a n d

s l i g h t

b a n d

1 0 0 1 0 0

Heavy 

chain IgY 6 2 - 6 7 7 5 7 5 7 5 7 5 7 5

Heavy 

chain IgY 

(A Fc) 3 5 - 4 2 3 5 3 5 3 5
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APPENDIX 2:

IgM ELISA

INTRODUCTION

Investigation of a large mortality event in 2000 among molting long-tailed ducks 

(Clangula hyemalis) in the lagoons of the Beaufort Sea led to isolation and 

characterization of a novel adenovirus (Hollmen et al. 2003). Mallards (Anas 

platyrhynchos) were experimentally inoculated to characterize the pathogenicity of and 

clinical response to the virus. In the experiment, as well as in a previous experimental 

inoculation in captive bred long-tailed ducks, the long-tailed duck virus was found to 

cause pathogenicity but did not result in mortalities under experimental conditions 

(Hollmen et al. 2003). Mortalities in wild birds may have been at least partly attributable 

to compromised immunity, possibly due to seasonal effects, nutritional stress, or 

anthropogenic effects such as contaminants, although other contributing factors were 

likely present.

In a generalized vertebrate immune response, an initial immunoglobulin M (IgM) 

response is followed by an immunoglobulin G (IgG) response that creates the capacity 

for immunological ‘memory’. Birds have three classes of antibody, immunoglobulin Y 

(IgY), the functional equivalent of IgG, IgM and immunoglobulin A (IgA) (Lundqvist et 

al. 2006). In order to further characterize the sea duck immune response to virus, our goal 

was to develop an enzyme-linked immunosorbant assay (ELISA) to quantify total serum 

IgM. We hypothesized that total serum IgM in mallard as a surrogate species is 

modulated by a sea duck adenoviral isolate, and that virally induced changes in total IgM 

levels in serum correlate to active infection.

M ATERIALS AND METHODS

Preparation of inoculum and viral challenge. Serum samples for this 

experiment were obtained from mallards inoculated with a long-tailed duck adenovirus in 

a captive study (L. Skerratt, unpublished data). Briefly, mallards purchased from a duck
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breeder at one day old were housed in isolation rooms together for five weeks and then 

randomly divided into three groups for the experiment. Birds in the infected groups were 

inoculated orally with the virus (low dose, 3.5 x 105 IU, n=9, L1-L9; high dose, 1.6 x 106 

IU, n=9, H1-H9) or vehicle only. Serum samples and cloacal swabs were collected twice 

weekly to determine antibody responses and duration of shedding of virus, and birds were 

monitored for clinical signs of illness. Half of the birds were euthanized by cervical 

dislocation one week post-inoculation (PI) and the remainder two weeks PI. Samples of 

small and large intestine, cloaca, liver, spleen, lung, kidney, ovary, testis, and oviduct 

were examined for gross lesions and by light microscopy.

Total IgM  quantification. Microtiter plates (Nunc, Thermo Fisher Scientific, 

Rochester, NY) were coated with 50 ^l per well anti-duck IgM antibody (Nordic,

Tilburg, The Netherlands) diluted to 20 ^g/ml in coating buffer (15 mM Na2CO3, 35 mM 

NaHCO3, pH 9.6) and incubated overnight at room temperature. Plates were covered 

during incubations to prevent evaporation. At each wash step, plates were washed four 

times with 250 ^l wash buffer (phosphate-buffered saline (PBS) containing 0.05% 

Tween-20 (Thermo Fisher Scientific, Rochester, NY)) using a plate washer. Plates were 

washed and blocked with non-fat dry milk reconstituted to 5% in PBS for 1 hr. Serum 

samples from mallard were diluted 1:10 and 1:100 in PBS. Plates were washed, and 

serum or PBS was added to wells in duplicate. Plates were incubated for 1 hr at 37oC and 

washed. Horseradish peroxidase-labeled anti-duck IgM antibody (Nordic, Tilburg, The 

Netherlands), was diluted to 1:5000 in PBS and 50 ^l was added to each well. Plates 

were incubated for 1 hr at 37oC and washed. Substrate (ABTS, KPL, Inc., Gaithersburg, 

MD) was added at 50 ^l per well. Plates were incubated at room temperature for 30 min, 

read in a microtiter plate reader at 405 nm and analyzed using Softmax Pro Version 5 

software (Molecular Devices, Sunnyvale, CA).

RESULTS AND DISCUSSION

Results are preliminary, and data presented should be treated as qualitative. Due 

to several technical issues, the assay quantification is unreliable. First, it is not known if
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the anti-duck IgM antibody cross-reacts with the chicken IgM reference protein used to 

generate the standard curve. If cross-reactivity is not 100%, which is likely, the 

concentration of serum IgM protein determined in the assay will not be accurate. Second, 

in the experimental data shown in Fig. A2.1, the plates were overexposed beyond the 

capability of the plate reader, resulting in a loss of sensitivity, especially at the higher 

optical densities. Third, the experiments were preliminary and the assay was not fully 

validated; validation methods are presented in Chapter 1.

Given the above caveats, total serum IgM was determined in serum samples of 

mallards inoculated with an adenovirus isolated from long-tailed ducks, with the 

expectation that these preliminary data, interpreted qualitatively, may inform future assay 

development efforts and provide preliminary insights into normal and viral-induced IgM 

serum levels in mallards. Serum IgM across all groups and time points in the 

experimental inoculation ranged from 2.8-54.6 mg/ml (Fig. A2.1). The data suggest that, 

like IgY, IgM is present in normal serum at high levels. The expected range of IgM 

concentration in ducks is unknown, but in humans, approximately 2-8 mg/ml is a normal 

range across all ages (Buckley & Dorsey 1971).

Total serum IgM concentrations were highly variable, although some individual 

birds had consistently high values over the time course, while others had consistently low 

values. Comparing relative IgM concentrations qualitatively between samples, there were 

no apparent patterns attributable to a viral response, which in vertebrates occurs during 

the first few days of infection. Several birds (H9 and L1 in particular) appeared to have 

increased total serum IgM at early time points post-inoculation suggesting an IgM 

response, but the trend of relatively high serum IgM was most pronounced in control 

birds (C2, C3, C6 and C8), which were not inoculated with the virus. In fact most control 

birds (5 of 8) had values over 40 mg/ml at two or more points; birds C2 and C6 showed 

elevated levels at all time points. This result, if  reproducible, is difficult to explain, as 

IgM levels were expected to be higher in inoculated birds.

Future studies should include validation of the assay as described in Chapter 1, 

including a Western blot to confirm that the anti-duck IgM recognizes IgM in duck serum
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as expected. For a quantitative assay, the issue of a reference protein must be addressed. 

Duck IgM as a reference protein, used to generate a standard curve, is an important 

component of a quantitative assay, as chicken IgM likely does not bind optimally to the 

anti-duck antibody, even though the assay detects ample binding for a strong colorimetric 

reaction. If total IgM from duck serum samples are calibrated to a chicken IgM standard 

curve, an unknown error will be incurred. Unfortunately the percent binding, which could 

allow for a quantitative correction factor, is not easily determined, nor is duck IgM 

commercially available; the result is an unknown and undeterminable error in 

quantification. Until this limitation is resolved, the assay will not be truly quantitative.

A qualitative assay, however, is of significant value to compare relative 

concentrations of serum IgM. Future studies should include validation of the qualitative 

assay, with assay results presented as relative values, rather than as a concentration, as 

presented in Fig. A2.1.
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Figure A2.1
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Figure A2.1 continued.
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Figure A2.1 continued.
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Figure A2.1. Total serum IgM measured by ELISA from an experimental inoculation of a 

novel sea duck adenovirus into mallards. Data shown are for a) control group; b) low- 

dose group; c) high-dose group. The assay is under development and not validated, 

therefore results, although presented as mg/ml, should be interpreted qualitatively. While 

high levels of IgM were detected in all serum samples tested, there was no evidence of 

elevated IgM in response to viral infection.
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APPENDIX 3:

Adenovirus ELISA

INTRODUCTION

This series of experiments explored the possibility of developing an enzyme- 

linked immunosorbant assay (ELISA) to detect antigen-specific IgY in mallard serum 

from an experimental inoculation. Mallards were inoculated with a long-tailed duck 

adenovirus (Hollmen et al. 2003) as part of a larger study to investigate the humoral 

immune response to virus. We have developed a species-specific ELISA using 

commercially available reagents to quantify total serum IgY from experimentally 

inoculated mallards (Chapter 3). These same samples have been analyzed by serological 

methods to detect the presence and relative concentration of adenovirus-specific 

neutralizing antibodies (T. Hollmen, unpublished data), although this method is labor 

intensive and does not distinguish between IgY and IgM. Quantifying IgY and IgM is of 

interest for wild samples, as there is generally no temporal context for interpreting the 

presence of virus-specific antibodies in a single serum sample from a wild bird. Detection 

of a low concentration of adenovirus-specific antibodies in an individual by serology is 

evidence of exposure to the virus, but does not indicate if the infection is active, chronic, 

new or resolved. For example, the presence of anti-adenovirus IgY but not IgM in low 

concentration suggests a chronic or resolved infection versus a new or active infection. 

Our goal was to develop an assay that is rapid, quantitative and can detect adenovirus- 

specific IgY as a method to provide a temporal context for evaluation of viral immune 

response in serum samples from wild ducks.

M ATERIALS AND M ETHODS

Cell culture. Adenovirus was grown in Muscovy duck fibroblast cell cultures 

(Docherty & Slota 1988) and purified by two different methods. A matched mock virus 

preparation, in which uninoculated cell cultures were prepared by the same protocol as
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the virus-inoculated cultures, was used as a negative control. All procedures were 

conducted in a biological safety cabinet.

PEG -precipitated adenovirus. Cells from infected and uninfected cell culture 

flasks were harvested by scraping with a cell scraper and centrifuged at 1400 g for 15 

min. Supernatant was removed and retained for final resuspension and the cell pellet was 

alternately frozen (-80oC) and thawed three times, then centrifuged at 1400 g for 15 min. 

The supernatant was collected and one volume of polyethylene glycol (PEG) solution 

(40% PEG, 1.6 M NaCl) was added to four volumes of supernatant, mixed by gentle 

inversion and refrigerated overnight. The solution was centrifuged at 1000 g for 45 min, 

and the virus pellet resuspended in the retained supernatant at 0.1x the original volume.

U npurified adenovirus. Cells from infected and uninfected cell cultures were 

alternately frozen to -80oC and thawed three times in their original flasks. Cells were 

removed from the plate using a cell scraper, and media and cells were collected and 

centrifuged at 1400 g for 15 min. The supernatant was retained and cell pellet discarded.

Anti-adenovirus IgY ELISA. Mallard serum samples were combined to create a 

positive control serum pool. Positive control serum was chosen based on positive titers in 

a neutralization assay (T. Hollmen, personal communication). Equal volumes of serum 

were pooled from four birds sampled from the high-dose group (H3 and H4 at day 7 post

inoculation (PI), H5 at 7, 11 and 14 days PI, and H8 at 7 and 11 days PI). Uninoculated 

mallard serum samples from a control trial were similarly pooled to create a negative 

control. In addition, two positive samples used in the pool were also tested individually 

(H3, day 7 PI and H5, day 11 PI). A microtiter plate was coated with purified, inactive 

adenovirus or mock preparation diluted at 1:1000, 1:10,000 and 1:100,000 in coating 

buffer (15 mM Na2CO3, 35 mM NaHCO3, pH 9.6), or coating buffer alone, at 50 ^l per 

well. Plates were covered and incubated at 4oC overnight. The surface of the plate was 

blocked with 100 ^l per well 5% non-fat dried milk reconstituted in wash buffer 

(phosphate-buffered saline (PBS) containing 0.05% Tween-20 (Thermo Fisher Scientific, 

Rochester, NY)) for 30 min at room temperature (RT). Each addition of reagent was 

followed by incubation and a wash step, with the exception of the last step, addition of
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substrate. Plates were washed four times with 250 pl wash buffer using a plate washer. 

Serum samples diluted in PBS to 1:100 and 1:500 and PBS alone were added at 50 pl per 

well. Control wells with coating buffer only had positive control serum at 1:100. Anti

bird IgY antibody labeled with horseradish peroxidase (Bethyl, Montgomery, TX) was 

diluted in wash buffer to 1:2000, added at 50 pl per well and incubated 1 hr at 37oC. 

Substrate (ABTS, KPL, Inc., Gaithersburg, MD) was added at 50 pl per well. Plates were 

incubated at room temperature for 30 min, resulting in a colorimetric reaction, and read in 

a microtiter plate reader at 405 nm and analyzed using Softmax Pro Version 5 software 

(Molecular Devices, Sunnyvale, CA).

RESULTS AND DISCUSSION

There were no differences in optical density (OD) between wells coated with 

adenovirus versus the mock preparations, regardless of the serum tested (Fig. A3.1). 

Blank wells coated with antigen but not exposed to serum had low OD (0.1-0.2), while 

control wells treated with coating buffer only, followed by positive control serum at 

1:100 had higher OD regardless of the serum tested (0.2-0.4). Results were not 

substantially different with these modifications of the protocol: adenovirus was purified 

using a commercially available column according to the manufacturer’s instructions 

(Clontech, Mountain View, CA); 5% goat serum in wash buffer was used as the blocking 

agent; purified adenovirus diluted in coating buffer was allowed to evaporate to dryness 

by leaving the plate uncovered overnight in a biological safety cabinet (Dawson et al. 

1980); and varying concentrations of reagents were tested.

The main finding is that high background obscures any adenovirus-specific serum 

antibody binding to the purified adenovirus adhering to the plate. A literature review 

revealed a similar result for ELISA development using hemorrhagic enteritis virus (an 

adenovirus) in chickens. The authors found a very high background using adenovirus 

from cell culture as compared to spleen extracts (Ianconescu et al. 1984). This approach 

would be labor and resource intensive, and it is not known at this time if and at what time 

point the sea duck adenovirus is present in spleen at high titers. There may have been a
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slight increase in the adenovirus positive versus the negative serum pools that may be due 

to differences in total IgY, as the positive and negative serum controls were from 

different experiments; if  serum is binding non-specifically to the plate regardless of the 

presence or absence of adenovirus, then the labeled anti-IgY may detect differences in 

IgY concentrations.

A potentially viable option would be a sandwich ELISA in which the plate is 

coated with anti-adenovirus antibody. Purified adenovirus is then added, binding to the 

anti-adenovirus coating antibody. When the sample serum is added, the anti-adenovirus 

antibodies present in the serum would bind to the adenovirus, allowing detection by 

subsequent addition of anti-IgY labeled antibody and corresponding substrate. The 

advantage of this method is that the purified adenovirus is not bound directly to the plate, 

which is the most likely explanation for the high background observed, and the assay 

sensitivity would likely be increased in a sandwich versus direct ELISA. The 

disadvantage is the cost and time needed to obtain an antibody specific to this novel 

adenovirus, which is not commercially available. Future studies, however, may warrant 

such an approach.
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Figure A3.1
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Figure A3.1 continued.

b) OD of wells coated with unpurified adenovirus

Figure A3.1. An ELISA was tested to measure serum antibody to a novel adenovirus 

experimentally inoculated into mallards. Serum from birds positive for anti-adenovirus 

antibody in neutralization assays (H3 and H5, and a serum pool from H3, H4, H5, H8) 

and a negative serum pool were added to wells coated with purified adenovirus, or with a 

mock solution prepared from uninfected cells. There were no differences in OD450 

between the a) adenoviral and b) mock coated wells.
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