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Abstract: We surveyed south polar skuas (Catharacta maccormicki Saunders) in Antarctica for antibodies to a
series of viral agents using blood serum and cloacal swabs from 124 adult skuas. There were no ticks on the
subjects and we were unable to isolate virus from any individual. Skuas, however, were seropositive to some
avian viruses: 16.9% (20/118) had antibodies to infectious bursal disease virus and 10.5% (11/105) were
seropositive for Newcastle disease. We found 1.0% (1/98) had antibodies to avian influenza, no evidence
of egg drop syndrome (0/48), but 27.8% (10/36) had antibodies to flaviviruses. Clearly south polar skuas
encounter a variety of pathogens either in Antarctica or during their migration in the non-breeding season.
There was no evidence of disease in skuas, but the presence of antibodies to pathogens indicates the need
to continue to search for the origins of these immunological challenges.
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Introduction

The apparent isolation of Antarctica has not spared the
continent from invasions of non-native species, including
pathogens (Frenot et al. 2005). Antarctic penguins are the
best studied avian group, and they are affected by a number
of bacterial (Sieburth 1959, Moore & Cameron 1969,
Soucek & Mushin 1970, Oelke & Steiniger 1973), viral
(Morgan & Westbury 1981, 1988, Austin & Webster 1993,
Gardner et al. 1997, Gauthier-Clerc et al. 2002) and
parasitic infectious agents (Clarke & Kerry 1993, Clarke &
Kerry 2000). Other bird species in Antarctica, such as the
south polar skua (Catharacta maccormicki Saunders), are
not so well studied.

Clearly pathogens can be important to bird populations in
Antarctica. Avian cholera (Pasteurella multocida) was the
cause of a mass death of skuas (Catharacta antarctica
(Lesson) and C. maccormicki) and giant petrels
(Macronectes giganteus (Gmelin)) near Palmer Station
(Parmelee et al. 1979), a southern giant petrel on King
George Island (Leotta er al. 2003) and rockhopper
penguins (Eudyptes chrysocome (Forster)) on Campbell
Island (de Lisle ef al. 1990). Avian cholera may also be a
major cause in the decline of yellow-nosed albatross
(Diomedea chlororhynchos Gmelin) on Amsterdam Island
(Weimerskirch 2004).

In addition, mass mortalities have been observed with no
clear explanation. No infectious agent was isolated as a
result of a mass mortality of Adélie penguin chicks
(Pygoscelis adéliae (Hombron & Jacquinot)) at a colony
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near Mawson Station in 1972 (Kerry et al. 1996) or a
mortality of several hundred gentoo penguin chicks
(Pygoscelis papua Forster) on Signy Island (MacDonald &
Conroy 1971). Pasteurella multocida was the suggested
cause of a mass mortality of sub-Antarctic skuas at Hope
Bay (Montalti ef al. 1996) and was confirmed as the agent
in two subsequent mortalities there (Leotta et al. 2006).

Coupled with the increased awareness of disease as an
issue in Antarctic wildlife, there is concern that increased
human activity through tourism (Enzenbacher 1994,
Naveen ef al. 2001) and scientific stations may bring new
disease threats to Antarctic fauna (Curry 2002). For
example, Salmonella serotypes isolated from penguins near
the Bird Island research station were identified as human
pathogens (Olsen et al. 1996) and Campylobacter jejuni
subsp. jejuni strains isolated from macaroni penguins
(Eudyptes chrysolophus Brandt) at Bird Island are nearly
identical to strains from northern hemisphere birds
(Broman et al. 2000). Before we can understand the role of
humans as agents in spreading pathogens to Antarctic
avifauna, we need more basic information about the
distribution, dynamics, and origin of pathogens in
Antarctica.

Given that many Antarctic seabirds are long-distance
travellers, it may be that birds migrating out of the Antarctic
ecosystem such as skuas, gulls, terns and giant petrels are
important as vectors. Seabirds are known to have brought
the agent of Lyme disease, Borrelia burgdorferi, from the
northern hemisphere to Bird Island (Olsen et al. 1995), and
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Fig. 1. Map of the study area. Blackened areas indicate the different
sampling localities.

king penguins (Aptenodytes patagonicus (Miller)) in the
Crozet Archipelago have serum antibodies to this
spirochaete (Gauthier-Clerc et al. 1999).

The south polar skua is a strong candidate as a source of
introduced pathogens and as a vector of existing pathogens
within the continent. As scavengers they are regular
visitors to Antarctic stations where they have access to
waste material and, despite recent regulations, regularly
obtain food scraps from people. They prey on species such
as Wilson’s storm petrels (Oceanites oceanicus (Kiihl)),
snow petrels (Pagodroma nivea Forster), cape petrels
(Daption capense Linn.) and Antarctic petrels (Thalassoica
antarctica (Gmelin)), and nest around penguin colonies to
prey on eggs and chicks. In their role as a wide ranging
scavenger and predator they are in physical contact with
most other bird species. Skuas also migrate long distances
during the austral winter. They travel throughout the
Atlantic and Pacific Ocean basins and north to the equator
in the Indian Ocean during their migration (Furness 1987).

In order to evaluate the importance of south polar skuas as
a reservoir and vector for avian disease, we investigated the
presence of antibodies to a selection of viral agents which
have previously been identified in Antarctic and sub-
Antarctic penguins. We sampled south polar skuas and
focused on infectious bursal disease virus (Gardner et al.
1997, Gauthier-Clerc et al. 2002), Newcastle disease virus
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(Morgan & Westbury 1981, 1988, Austin & Webster
1993), avian influenza virus (Morgan & Westbury 1981),
group III adenovirus Egg drop syndrome 76 (Karesh et al.
1999) and flavivirus (Morgan 1988).

Materials and methods

The study was conducted in the vicinity of Davis Station,
Antarctica (68°34'S, 77°58'E) during the egg laying and
incubation phases, November/December 1999 (Fig. 1).
Most of the south polar skuas sampled nested in the
vicinity of Adélie penguin colonies in the Vestfold Hills
region surrounding Davis Station. We captured breeding
birds at Albino Rookery and Rookery Lake on Long
Peninsula, and Gardner, Magnetic, Warriner and Zolotov
islands. In addition we captured skuas at Davis Station and
at nearby Heidemann Bay at a scavenging/club site.
A conservative power analysis using a binomial
distribution indicates that 150 samples are required from a
population in order to be 95% certain of detecting an agent
that infects at least 2% of the population. All the work was
conducted with animal ethics approval from the Australian
Antarctic Division (AAD Project number 953).

South polar skuas were caught using two methods. First,
territorial skuas were captured on the wing using a hand
net (1.1 m diameter). Secondly, non-aggressive birds were
caught with a spring-loaded trap baited with locally
scavenged penguin or seal carcasses. We fitted each bird
with a permanent USFWS-approved leg band before taking
samples.

Each subject was sampled for:

A cloacal swab for viral isolation. Swab ends were placed
in Brain Heart Infusion Broth (plus antibiotics). They
remained at ambient temperature (-5° to +5°C) for 2—5
hours before they were stored in liquid nitrogen for
transport to the laboratory.

A second cloacal swab for bacterial analysis (to be
reported on elsewhere). These swabs were stored in
Brain Heart Infusion Broth with 20% glycerol and were
treated the same as the cloacal swab for viruses.

A 1.0-2.0 ml blood sample was drawn from a brachial
vein. Blood was allowed to clot for at least two hours
then centrifuged to harvest the serum. Serum samples
were frozen in liquid nitrogen for transport.

Each bird was inspected around the head and face, feet and
cloaca for ticks.

Each serum sample was tested for antibodies to a suite of
viruses; infectious bursal disease virus (IBDV), Newcastle
disease virus (NDV), avian influenza (Al), egg-drop
syndrome (EDS76) and flaviviruses. Each test series
included negative and positive controls using known
samples of chicken sera.
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Table L. Seroprevalence of avian viral antibodies in south polar skuas.!
Location Distance from IBDV NDV Al EDS Flavivirus

Davis (km) +ive/N (%) +ive/N (%) +ive/N (%) +ive/N (%) +ive/N (%)

Albino rookery 14.0 5/31  (16.1) 4/29  (13.8) 0/27 (0.0) 0/15 (0.0) 4/13 (30.8)
Rookery Lake 9.5 421 (19.1) 0/20 (0.0) 0/19 (0.0) 0/5 (0.0) 0/2 (0.0)
Magnetic Island 4.5 3/12 (25.0) 2/9 (22.2) 0/7 (0.0) 0/4 (0.0) 2/5 (40.0)
Gardner Island 3.4 0/11 (0.0) 2/10  (20.0) 0/10 (0.0) 0/9 (0.0) 0/6 (0.0)
Davis Station 0.0 2/6 (33.3) 1/6  (16.7) 0/5 (0.0) 0/2 (0.0) 1/1 (100.0)
Heideman Bay 0.8 426  (15.4) 0/20 (0.0) 0/20 (0.0) 0/6 (0.0) 1/4 (25.0)
Warriner Island 3.7 0/6 (0.0) /6  (16.7) 1/6 (16.7) 0/5 (0.0) 2/4 (50.0)
Zolatov Island 9.7 2/5  (40.0) /5 (20.0) 0/4 (0.0) 0/2 (0.0) 0/1 (0.0)
Totals 20/118  (16.9) 11/105  (10.5) 1/98 (1.0) 0/48 (0.0) 10/36 (27.8)
Median serum titre 1/64 1/8 83% 37%
Geometric mean 1/54 1/12.4 83% 0 41%

IResults separated by sampling locality and listed from north to south in study area. Table entries represent the number of positive samples/the total samples.
IBDYV tested by Serum neutralization test with positive screen at 1:20 titre; NDV and EDS tested by haemagglutination inhibition test with positive screen at 1:8
and 1:16 titres respectively; Al and flavivirus tested by competitive ELISA with positive screens at > 60% and > 30% inhibition respectively.

Serum antibody titres to IBDV serotype 1 were measured
using a standard serum (virus) neutralization test (Westbury
& Fahey 1993). IBDV serotype 1 strain GT101 was used
as antigen. Antibody titres are expressed as the reciprocal
of the highest dilution which completely inhibited virus.
A serum titre of 20 or above for IBDV was considered
positive (Giambrone 1980). Antibody titres to NDV and
EDS76 were measured using haemagglutination inhibition
(HI) tests. Titres of > 8 were considered positive for NDV
(Alexander 1996) and titres > 16 were considered positive
for EDS76. The presence of antibodies to Al and flavivirus
was examined using competitive  enzyme-linked
immunosorbent assays (c-ELISAs). The Al c-ELISA was
performed as described by (Selleck 2002), using an anti-
influenza A nucleoprotein monoclonal antibody (mAb).
Samples exhibiting > 60% inhibition are considered
positive Selleck (2002). The Flavivirus c-ELISA was
performed using flavivirus group specific mAb 3H6 as
described by Hall ef al. (1995) which is a general test for
antibodies to any flavivirus. Inhibition of > 30% was
considered positive for flavivirus specific antibody
(Blitvich et al. 2003). All positive samples were tested
again by c-ELISA with mAbs specific to two mosquito-
borne flaviviruses, Murray Valley encephalitis (MVE) and
Kunjin (KUN), using mAbs 10C6 (MVE specific) and
3.1112G (KUN specific) (Hall ef al. 1995).

Given the large number of samples and low expectation of
finding active virus, the samples were pooled from cloacal
swabs into groups of five to conduct virus isolations. We
injected an aliquot of each pooled sample into
embryonated specific pathogen free (SPF) chicken eggs by
the allantoic and chorioallantoic membrane routes for up to
three blind passages according to standard procedures of
Australian Standard Diagnostic Techniques for Animal
Diseases (Corner & Bagust 1993).

Because IBDV infection can result in immunosuppression
and increased susceptibility to secondary infection with a
wide range of other avian pathogens (Sharma et al. 2000),
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a chi-square test for independent samples was used to
examine whether skuas that were seropositive for IBDV
antibodies were more likely to be seropositive for
antibodies for any of the other viral pathogens. We also
investigated whether the geographical area was important
in creating foci or clusters of IBDV, NDV or flavivirus
infection. Using the null hypothesis that the overall
prevalence of antibodies for each of the pathogens was
uniform throughout the study area, we determined expected
results for a chi-squared test for independent samples.
Because Gardner et al. (1997) found that the prevalence of
IBDV in penguins was greater near Mawson Station than
in isolated sites, distance from the station may affect the
prevalence of IBDV in skuas. We used regression analysis
to determine if the distance from Davis Station would
determine the prevalence of any of the antibodies. We
normalized the percent prevalence results for 8 separate
sampling sites with arcsine transformations then regressed
the arcsine of prevalence on distance from Davis Station.

Table II. Serum antibody status for additional viral agents in south polar
skuas compared to their status with infectious bursal disease virus 1'.

Virus Infectious Bursal Disease Virus (Serotype 1)
Status

Seropositive n=20 Seronegative n = 98

Newcatle disease virus

Positive 2 9

Negative 14 74

No test 4 15
Avian influenza

Positive 0 1

Negative 13 88

No test 7 9
Flavivirus

Positive 2 7

Negative 3 24

No test 15 67

'EDS omitted from table because there were no positive results.
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Results

We obtained samples from 124 adult skuas in the study area.
Twenty individuals of 118 (16.9%) tested had serum
neutralizing antibodies to IBDV serotype 1 (Table I).
Antibody titres for IBDV ranged from 1/20 to 1/256
(median = 1/64). Insufficient serum meant fewer tests for
the other virus antibodies. Eleven of 105 (10.5%) skuas
tested positive for NDV with a range of antibody titres of
1/8 to 1/32 (median = 1/8). One skua in the 98 tested
(1.0%) was positive to avian influenza with an 83%
inhibition. Ten of 36 (27.8%) were positive for flaviviruses
with a range of antibody titres showing inhibition from
31% to 51% (median = 37%). All samples were negative
for specific antibodies to MVE and KUN and no skuas had
antibodies to EDS76 (n = 48).

No individual skua tested positive for three of the viral
antibodies, but several had antibodies to two viral
pathogens (Table II). There was no association, however,
with testing positive for IBDV and testing positive for
NDV, Al or flavivirus (x> = 1.4, d.f. = 1, P > 0.20).

There was no significant clustering of skuas testing
positive for IBDV antibodies in any particular locality
(x> =596, d.f. =7, P> 0.50), NDV (x> =742, df. =7,
P>0.30) or flavivius (x> =541, d.f.=7, P> 0.50).
Furthermore, there was no significant relationships between
testing positive for any of the antibodies and distance
from the station. The resulting linear regressions were:
IBDV, y=0.61x + 18.7, » =0.20 and P >> 0.05; NDV,
y=0.017x+18.7, r=0.017 P>>0.05; flavivirus,
y =-3.107x 4+ 98.09, r =-0.49, P> 0.05, where y is the
arcsine of percent prevalence of each pathogen in each of
the eight sampling areas and x is the distance in kilometres
from Davis Station. None were significant regressions.

We found no ticks on any of the skuas. Furthermore, there
was no evidence of virus growth in SPF eggs in the virus
isolation studies. None of the cloacal swab samples
inhibited embryo growth in SPF eggs.

Discussion

Low pathogenic strains of IBDV are widespread in domestic
chickens (Leong et al. 2000) and antibodies to IBDV
serotypes 1 and 2 have been detected in a number of free-
living bird species (Nawathe er al. 1978, Wilcox et al.
1983, Gardner et al. 1997, Ogawa et al. 1998, Hollmen
et al. 2000, Gauthier-Clerc et al. 2002). This is the first
record, however, of IBDV antibodies in a non-penguin
species in Antarctica. The prevalence of neutralizing
antibodies to IBDV serotype 1 in 16.9% of adult south
polar skuas in this study is lower than the prevalence of
IBDV (65.4%) in emperor penguin chicks reported at
Auster Rookery (Gardner et al. 1997). In contrast, Adélie
penguin adults and chicks range from no antibodies near
Edmonson Point to a high of 2.3% prevalence in adults
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near Mawson Station (Gardner et al. 1997). Similarly,
adult king penguins on the sub-Antarctic Iles Crozet had a
relatively low prevalence (4.8%) for serotype 1 IBDV
(Gauthier-Clerc et al. 2002).

Wild bird species outside of Antarctica generally have low
prevalence to IBDV antibodies as well. In one survey of 44
species of wild birds in Japan, the overall prevalence of
antibodies to IBDV was 2% for serotype 1 and 4.9% for
serotype 2 (Ogawa et al. 1998). In comparison, northern
hemisphere herring gulls (Larus argentatus Pontoppidan)
and eiders have high prevalence of antibodies to serotype 1
IBDV, ranging from 18.0% in common eiders (Somateria
mollissima Linn.) at a remote location to 96.0% in
common eider adults (Hollmen er al. 2000). Clearly
antibodies to IBDV are not restricted to domestic fowl and
have the potential of being widespread and common in
different species.

NDV has been identified in at least 241 species of birds
around the world (Kaleta & Baldauf 1988) and it is likely
that all birds are susceptible to infection (Alexander 2000),
though outbreaks of clinical disease in wild birds are rare.
South polar skuas in this study had relatively high
prevalence of antibodies to NDV (10.5%) compared with
other Antarctic species. Most testing in Antarctica has
found little or no NDV antibodies. None of the king
penguins on Iles Crozet tested positive for NDV antibodies
(Gauthier-Clerc et al. 2002). Similarly, king, gentoo and
rockhopper penguins on Macquarie Island were free of
NDV antibodies (Morgan et al. 1981), but 6.2% of royal
penguins on Macquarie Island tested positive for antibodies
to NDV (Morgan et al 1981). Adélie penguins on
Bechervaise Island near Mawson Station had a high
(17.6%) prevalence of NDV in one sample, but none in a
second sample (Morgan & Westbury 1988).

Avian influenza viruses also occur worldwide and
infections have been reported in a variety of different birds
and mammals, including people (Clarke & Hall 2006).
Normally, individual influenza virus strains are adapted to
a single host species, but they can cross species barriers as
is apparent in the spread of the highly pathogenic H5NI1
strain of influenza (Clarke & Hall 2006).

In wild populations, Al is best known in waterfowl and it
is known to be spread by migrating birds (Hansen 1999,
Clarke & Hall 2006). We found antibodies to Al in a
single south polar skua out of 98 tested (1.0%). On Ross
Island, no Adélie penguins had antibodies to Al, but 6.7—
11.1% of the south polar skuas were positive for Al
antibodies (Austin & Webster 1993). A recent study of five
species (Adélie, chinstrap and gentoo penguins, giant petrel
and south polar skuas) found them to vary greatly in the
prevalence of Al antibodies (Baumeister et al. 2004). In
their samples of skuas, the prevalence of Al varied from
4.3% at Hope Bay to 28.6% on King George Island.
(Baumeister et al. 2004). In East Antarctica no Adédlie
adults near Davis Station had antibodies to Al (Morgan &


https://doi.org/10.1017/S0954102008001259

VIRAL ANTIBODIES IN SOUTH POLAR SKUAS 459

Westbury 1981, 1988), and just 3.7% of the adults around
Casey Station had antibodies to H7 (Morgan & Westbury
1981, 1988).

Egg drop syndrome is caused by an avian adenovirus
which has been found in wild and domestic ducks, gulls,
coots and grebes and serum antibodies have been detected
in a variety of species (Merck 2006). We found no
evidence, however, of antibody to EDS76 in our sample of
48 south polar skuas. EDS is passed vertically to eggs
from adults and the main horizontal transfer is from
contaminated eggs (Merck 2006). Skuas are significant
predators of eggs, stealing and eating eggs from both
penguins and other skuas, so it is likely that the negative
result is real.

There were antibodies to flaviviruses in a relatively high
percentage (27.8%) of south polar skuas around Davis
Station using the general HI test. Morgan et al. (1981),
who used a single strain of Murray Valley encephalitis
(a flavivirus) as antigen for their Macquarie Island study
found relatively low levels; royal penguin (2.3%), king
penguin (7.0%), rockhopper penguin (3.2%) and gentoo
penguin (0.0%). Flaviviruses require arthropod vectors for
transmission, typically ticks, lice or mosquitoes. We found
no ticks on any of the skuas sampled in this study and no
flying insects occur in Antarctica whereas ticks are
common on Macquarie Island penguins (Morgan et al.
1981). It appears that south polar skuas around Davis
Station are not exposed to ticks, though biting lice
(Mallophaga) have been found on south polar skuas on
Ross Island (Schaefer & Strandtmann 1971, Spellerberg
1971). Our finding of relatively high prevalence of
antibodies to flaviviruses in skuas in Antarctica seems
paradoxical at first, but by testing for several strains at one
time with a general test we were more likely to show more
positive results than those using single strains.

Taken together, these studies clearly show that Antarctica
is not pristine with regard to pathogens. Studies have now
been conducted in East Antarctica, the Ross Sea, the
Antarctic Peninsula, Iles Crozet and Macquarie Island all
with some positive results. Nevertheless, there are still
questions about how these pathogens arrived in Antarctica
and how they spread around the continent. Gardner et al.
(1997) suggested that humans may be responsible for
bringing IBDV to Antarctica because the lowest
seroprevalence to IBDV was at their most remote site. We
attempted to address that question in this study, but the
difference between our nearest and most remote sampling
sites was only about 15 km, not great enough to inhibit
travel by skuas. Unlike penguins, skuas travel out of the
Antarctic ecosystem every year on their winter migration.
They travel as far as Greenland, the Gulf of Alaska or the
northern Indian Ocean (Furness 1987). Skuas do not
normally come to shore during their migration, but they
encounter other seabirds, steal food from other birds, and
scavenge around fishing boats (Furness 1987) so they have
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ample opportunity for exposure to pathogens and vectors in
temperate and tropical areas around the world. Clearly
there is a potential for skuas to introduce pathogens to
Antarctica.

From these results, it appears that low to moderate
seroprevalences of these viruses (0.0% to about 20%) are
typical of Antarctic birds. The example of emperor penguin
chicks which range from 65-100% prevalence of IBDV
antibodies (Gardner et al. 1997, JM Watts, unpublished
data) is exceptional. How do emperor penguin chicks
experience such high levels of exposure? IBDV is a hardy
virus that is highly resistant to environmental exposure
(van den Berg 2000) so the virus may survive the winter in
the penguin colonies.

We are beginning to determine the distribution and
prevalence of some viral pathogens in Antarctica, but we
still have no evidence of disease from the pathogens
discussed here. In addition, little is known about residence
times for antibodies in Antarctic birds. Antibody to Avian
Paramyxovirus 1 is detectable in little penguins (Eudyptula
minor) for just one to three months (Morgan et al. 1985).
There also appear to be geographical and temporal
variations in the prevalence of these pathogens. In light of
increases in the number of humans travelling to Antarctica
coupled with climate change which is beginning to affect
the productivity of Antarctic seabird populations (Croxall
et al. 2002) and which also causes important changes in
the distribution of arthropod vectors (Kovats et al. 2001), it
is important that we continue to address avian disease in
Antarctica.
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