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Abstract
Serological assays are commonly used in wildlife health studies to screen for exposure of an individual or a population to 
infectious agents. Such assays can therefore provide useful information regarding the health status of an individual or for 
determining the prevalence of a pathogen within a population. In this study, serological assays of three viral agents have 
been conducted on the Adélie Penguin (Pygoscelis adeliae) on Ross Island, Ross Sea, Antarctica. We sampled adult Adélie 
Penguins during three consecutive summer breeding seasons (2010–2011, 2011–2012 and 2012–2013), and tested those 
samples for antibodies to avian influenza A virus, Newcastle disease virus, and infectious bursal disease virus. No antibod-
ies were detected for avian influenza A virus in any season. Two samples in 2012–2013 were positive for Newcastle disease 
virus antibodies and a total of 10 samples were positive for infectious bursal disease virus antibodies during this study. This 
information establishes baseline data for these three viruses in Adélie Penguins at this location and can be used for future 
comparisons of disease prevalence in this population.

Keywords  Antibody · Penguins · Ross Sea · Serological assay · Virus

Introduction

The introduction of pathogens to the Antarctic is consid-
ered a threat to the animals inhabiting this region due to 
either natural or unintentional means (Woehler et al. 2014) 
aided by a warming climate (Turner et al. 2014). Recently, 
the presence of three different strains of avian influenza A 
viruses has been confirmed in the Western Antarctic (Hurt 
et al. 2014, 2016; Barriga et al. 2016; de Souza Petersen et 
al. 2017). Prior to the confirmation of these viruses, sero-
logical testing and virus isolation were the primary means 

of investigating for these and other viruses in Antarctic avi-
fauna. Past investigations reported in Antarctic penguins 
have targeted viral agents that primarily affect commercially 
raised poultry (Fuller et al. 2012; Grimaldi et al. 2014). The 
earliest report on viral antibodies in Antarctic birds, and 
the first to include one of the three viruses assayed in this 
study, described finding Newcastle disease virus antibody 
in the sera from 60 Antarctic birds (Sladen 1962). Sub-
sequent investigations for antibodies to avian influenza A 
virus, Newcastle disease virus and infectious bursal disease 
virus in penguins followed in the late 1970s with the stud-
ies of Morgan et al. (1978, 1981) and Morgan and West-
bury (1981). Surveys for these three viruses represent the 
majority of penguin serological studies within the three 
main biogeographic regions of the Antarctic Treaty area 
(Continental, Maritime, Sub-Antarctic; Frenot et al. 2005; 
Convey 2010), and are summarized in Appendix A, Tables 
A1–A3. Infrequently, antibodies to less well-studied agents 
have been investigated such as Kemerovo and Sakhalin 
viruses (Doherty et al. 1975), or Reovirus and Adenovirus 
(St. George et al. 1985).

Overall, however, reports of the health and disease status 
of Antarctic penguin species remain scarce (Woods et al. 
2009; Grimaldi et al. 2014) when compared to the much 
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larger body of knowledge related to other aspects of their 
life history (see, e.g., Borboroglu and Boersma 2013). In an 
effort to address the gap in knowledge about virus prevalence 
in Antarctic penguins, we conducted serological surveys for 
antibodies to avian influenza A, Newcastle disease and infec-
tious bursal disease viruses in adult Adélie Penguins (Pygos-
celis adeliae) from two colonies on Ross Island, Antarctica. 
This sea-ice-obligate species is the most abundant penguin 
of the high-latitude Antarctic; it breeds on sparsely located 
snow- and glacier-free coastal areas scattered around the 
continent, present at colonies during October–February and 
otherwise dwells in the surrounding sea-ice-covered ocean 
(Ainley 2002). We present these benchmark viral data for 
use in future assessments of health/disease status trends in 
this species at southern Ross Sea locations in anticipation 
of future changes in climate and an increase in the human 
footprint in this region.

Materials and methods

Adélie Penguin serum samples

Up to 5.0 mL venous blood per individual was collected 
from adult Adélie Penguins during two field seasons 
(2010–2011 and 2011–2012) at Cape Crozier (77°27′S, 
169°23′E) and three field seasons (2010–2011, 2011–2012, 
and 2012–2013) at Cape Bird, Ross Island (Fig. 1) during 
the austral summer, December-January. Cape Bird is com-
prised of three partitions: the northern-most, henceforth 
referred to as CB North (77°13′S, 166°28′E), where adult 
Adélie penguins were sampled during all three seasons; the 
middle and southern-most partitions [CB Middle (77°14′S, 
166°25′E) and CB South (77°16′S, 166°20′E)] were only 

sampled during the 2012–2013 season. Adults were distin-
guished from juveniles (< 2 years old) by having completely 
black plumage below the throat and neck; the plumage of 
juveniles is instead white in these areas plus they lack the 
white eye ring (Trivelpiece et al. 1985).

Adult Adélie Penguins at Cape Bird were caught with 
a long-handled net along the beach when they had likely 
been relieved of nest-attending duties based on their appear-
ance and movements, i.e. guano-stained ventral feathers, and 
leaving the colony in the direction of the water. Sampling 
took place between 09h30 and 18h00; sites varied by dates, 
though these were dictated strictly by weather conditions, 
and was usually carried out along the beach well away from 
nests. Birds were caught at approximately 20 min intervals 
approximating non-probability (haphazard) sampling (Ste-
venson 2008). Blood was collected from a digital foot vein 
by venipuncture using sterile 23-gauge needles attached to 
sterile 5.0 mL syringes; 3.0–5.0 mL of whole blood was 
collected in this manner and promptly dispensed into sterile 
blood collection tubes without anti-coagulant (Becton–Dick-
inson; BD). Birds were briefly checked for the presence of 
any ectoparasites on the head and around the vent and for 
any external signs of injury. After sampling, and prior to 
being released, each bird was marked with livestock spray 
on the ventrum and “permanent” marker on the tops of each 
foot with a unique identification number. Both the livestock 
spray and marker would eventually wear off or be lost at 
moult.

At Cape Crozier, 60 adult penguins were caught during 
each of the two field seasons using long-handled nets when 
they returned from foraging at sea and before they reached 
nest sites. Blood was collected from the right jugular vein 
using sterile 21-gauge needles on 5.0 mL syringes. For each 
individual, up to 3.0 mL of blood was immediately placed 

Fig. 1   Map showing locations 
of the Adélie Penguin colonies 
on Ross Island, Antarctica used 
in this study. Image from NASA
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into sterile blood collection tubes (BD). Birds were not 
marked before release.

The blood samples collected were allowed to clot and 
subsequently centrifuged at 4000 g for 30 min, usually no 
longer than 4 h after collection. The serum was removed 
aseptically and placed into labeled 1.5 mL microcentrifuge 
tubes; these tubes were frozen in a − 20 °C freezer at Cape 
Crozier and a 0 °C freezer at Cape Bird. These samples were 
later stored in − 20 °C freezers at McMurdo Station and 
Scott Base until shipped to New Zealand in a dry shipper. 
All samples were placed into a − 70 °C freezer on arrival in 
New Zealand. In total, 424 serum samples were sent to the 
Australian Animal Health Laboratory (AAHL) in Geelong, 
Victoria, Australia for testing for antibodies for the three 
viral agents. A total of 144 samples collected in 2010–2011 
and 2011–2012 were submitted in 2012, and 280 samples 
collected in 2012–2013 were submitted in 2013. Sam-
ples < 0.5 mL and/or those that were haemolysed were not 
sent for testing; the minimum volume of serum required was 
0.5 mL and haemolysis can interfere with the tests (AAHL 
protocol). Each sample submitted was tested for each of the 
three viral antibodies.

Test methods

The tests used for detecting antibodies to influenza A, infec-
tious bursal disease and Newcastle disease virus are Austral-
ian Animal Health Laboratory proprietary methods based on 
established principles of commonly used serological tests. 
A blocking enzyme-linked immunosorbent assay (b-ELISA) 
was used to test for antibodies for influenza A antibodies 
and a competitive enzyme-linked immunosorbent assay 
(c-ELISA) was used to test for antibodies for infectious bur-
sal disease virus. Any sera testing positive or inconclusive 
for infectious bursal disease were tested further with a virus 
neutralization test (VNT). The test utilized for Newcastle 

disease was a hemagglutination-inhibition (HI) assay. The 
main characteristics of each test are given in Table 1.

Statistical parameters

Calculations for apparent prevalence were performed using 
Epi Tools—Estimating prevalence at: http://epito​ols.ausve​
t.com.au.

Results

The usable samples (not haemolysed and/or ≥ 0.5 mL) col-
lected at Cape Bird during the first field season, 2010–2011 
(n = 14) and submitted for testing did not yield any positive 
results for any of the tests reported in this study, Table 2. 
In general, while birds caught during this study could be 
described as being healthy, observations of birds exhibit-
ing feather loss at all of the colonies on Ross Island dur-
ing the field seasons of 2011–2012 and 2012–2013 were 
unprecedented. Birds observed with a feather loss condi-
tion appeared otherwise healthy (Grimaldi et al. 2015). No 
ectoparasites (ticks or lice) were seen on any of the penguins 
at any colony during this study.

Avian influenza A virus

No samples were positive for avian influenza A virus anti-
body during the study period, Table 2.

Newcastle disease virus

The test results for Newcastle disease virus (NDV) antibody 
yielded 2 positives, both with low titres. One sample (1/110 
samples) was from CB North with a titre of 1:8, the second 
sample (1/100 samples) was collected at CB Middle and was 
reported as 1:16, Table 2. All other samples were negative.

Table 1   Test characteristics of each of the in-house tests used in this study, performed at the Australian Animal Health Laboratory (AAHL), 
Geelong, Victoria Source AAHL

Virus Test type used Target antigen Sensitivity Specificity Comments

Influenza A (IA) b-ELISA A conserved nucleo-
protein (NP)

86.93%, for chicken 
sera

92.17%, for chicken 
sera

Detects all serotypes 
of IA

Infectious bursal 
disease (IBD)

c-ELISA Capsid protein 2 
(VP2)

~ 90%, for duck sera > 99%, for duck sera Modified to allow sera 
from other avian spe-
cies to be tested

Infectious bursal 
disease (IBD)

Virus neutralization Inhibition of viral 
cytopathic effect due 
to IDBV (AAHL lab 
strain)

Not specified Not specified Used for positive and 
inconclusive samples

Newcastle disease 
(ND)

Hemagglutination-
inhibition

Hemagglutinin-
neuraminidase struc-
tural protein (V4)

> 90%, avian species 
not given

> 99%, avian species 
not given

One serotype exists, 
virulence is variable

http://epitools.ausvet.com.au
http://epitools.ausvet.com.au
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Infectious bursal disease virus

Of the 424 samples collected over the course of three field 
seasons and tested for IBDV antibody, four were considered 
positive and seven produced inconclusive results (exhibiting 
40-60% inhibition; AAHL procedure), Table 3. All positive 
samples and those with inconclusive results were addition-
ally analyzed by the virus neutralization test (VNT). The 
majority of positive samples had titres of either 1:20 or 1:40; 
two had titres as high as 1:160, Table 3. Only one incon-
clusive sample was determined to be negative by the VNT.

Discussion

In spite of positive antibody levels to two of the three viruses 
for which serological assays were performed, clinical dis-
ease was not obvious in any of the birds sampled in this 
study. Almost without exception, all of the previous reports 
regarding infectious disease agents of Antarctic Treaty area 
penguins describe the birds as being in good health (Gri-
maldi et al. 2014). Recently, however, Barriga et al. (2016) 
described young Chinstrap Penguins (P. antarctica) from 
which influenza A virus was detected, as appearing ill even 

though the strain was determined to be a low pathogenicity 
type. It is also not uncommon for viruses to be isolated from 
a number of bird and mammal species (culture positive) and 
be described as “healthy”(e.g., Pfitzer et al. 2000; Bakker 
et al. 2006; Pantin-Jackwood et al. 2008; Damiani et al. 

Table 2   Summary of Avian 
Influenza A virus (AIA), 
Newcastle Disease Virus (NDV) 
and Infectious Bursal Disease 
Virus (IBDV) antibody results 
for the three field seasons on 
Ross Island, 2010–2013

IBDV positives are results obtained by the Virus Neutralization Test
N North, M Middle, S South sub-colonies

Season Colony Virus Total no. tested No. positive Apparent 
prevalence 
(%)

95% 
Confidence 
interval

2010–2011 Cape Bird (N) AIA 14 0 0 NA
NDV 14 0 0 NA
IBDV 14 0 0 NA

Cape Crozier AIA 31 0 0 NA
NDV 31 0 0 NA
IBDV 31 1 2.7 0.01–17.6

2011–2012 Cape Bird (N) AIA 56 0 0 NA
NDV 56 0 0 NA
IBDV 56 1 1.8 0.01 – 10.2

Cape Crozier AIA 43 0 0 NA
NDV 43 0 0 NA
IBDV 43 2 4.7 0.44–16.3

2012–2013 Cape Bird (N) AIA 109 0 0 NA
NDV 110 1 0.9 0.01–5.4
IBDV 110 5 4.6 1.69–10.5

Cape Bird (M) AIA 100 0 0 NA
NDV 100 1 1.0 01-6.0
IBDV 100 0 0 NA

Cape Bird (S) AIA 69 0 0 NA
NDV 70 0 0 NA
IBDV 70 1 1.4 0.01–8.40

Table 3   Summary of positive/inconclusive Infectious Bursal Dis-
ease Virus antibody results (based on the VNT [Virus Neutralization 
Test]) during the three field seasons on Ross Island, 2010–2013

N North, M Middle, S South sub-colonies, I inconclusive

Season Colony c-ELISA 
result

VNT result Titre

2010–2011 Cape Crozier + + 1:40
2011–2012 Cape Crozier + + 1:40
2011–2012 Cape Crozier I + 1:160
2011–2012 Cape Bird (N) + + 1:160
2012–2013 Cape Bird (N) + + 1:40
2012–2013 Cape Bird (N) I + 1:40
2012–2013 Cape Bird (N) I + 1:20
2012–2013 Cape Bird (N) I + 1:20
2012–2013 Cape Bird (N) I + 1:40
2012–2013 Cape Bird (M) I Neg NA
2012–2013 Cape Bird (S) I + 1:20
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2012). During the timeframe of this study, serological tests 
would indicate that Adélie Penguins on Ross Island were not 
exposed to influenza A virus. On the other hand, there has 
apparently been exposure to Newcastle disease virus at Cape 
Bird, and Adélie Penguins at both Cape Bird and Cape Cro-
zier had been exposed to infectious bursal disease virus.

Of the three previous studies on Ross Island to investigate 
influenza A antibodies in Adélie Penguins, the two earlier 
reports found antibodies to specific hemagglutinins and 
neuraminadases of this virus (Morgan and Westbury 1981; 
Austin and Webster 1993). In the third study (Morgan and 
Westbury 1988), no antibodies were detected as in this study. 
Miller and Shellam (2010) likewise did not find antibodies 
to Influenza A in Adélie Penguins in the Australian sec-
tor. This is similar to reports for antibody investigations to 
this virus in the sub-Antarctic. Antibodies were detected in 
Gentoo Penguins (P. papua) on Bird Island, South Georgia 
(Wallensten et al. 2006); Southern Rockhopper (Eudyptes 
chrysomcome) and Macaroni Penguins (E. chrysolophus) 
on Marion Island; and in Northern Rockhopper Penguins 
(E. moseleyi) on Gough Island (Abad et al. 2013), Table A1.

In contrast to the sporadic occurrence of influenza A anti-
bodies in penguins on Ross Island, there are not only more 
reports of antibodies being detected in penguin colonies on 
the Antarctic Peninsula, but as of 2013, sequences from two 
different strains of influenza A have been detected in sam-
ples from several locations in three different penguin species 
(Adélie, Gentoo, and Chinstrap Penguins; Hurt et al. 2014, 
2016; Barriga et al. 2016). Nearly identical sequences to 
the Adélie Penguin influenza A virus were recovered from a 
Snowy Sheathbill (Chionis albus) in 2014 (Hurt et al. 2016). 
A third avian influenza A strain (H4N7) has been confirmed 
recently from a Southern Giant Petrel (Macronectes gigan-
teus) sampled also in this region (the South Shetland Islands; 
de Souza Petersen et al. 2017). These authors support the 
idea that migratory birds may have introduced and spread 
infectious agents to the Antarctic (de Souza Petersen et al. 
2017).

Studies on Newcastle disease virus have also only been 
infrequently conducted on Ross Island. A report from the 
United States Department of Agriculture (Pierson and Pfow 
1975) describes a research collection of Adélie Penguins 
caught in McMurdo Sound (Ross Island) becoming ill with 
the neurotropic form of NDV allegedly during quarantine in 
the United States. Pierson and Pfow (1975) concluded that 
these birds had been exposed to or infected with this virus 
at the time of capture in Antarctica, and therefore, the virus 
was present in these populations. Subsequent follow-up viral 
culture and serology tests on Adélie Penguins in McMurdo 
Sound were negative, however, for this virus (Morgan and 
Westbury 1988).

In 1978, Austin and Webster (1993) recovered a para-
myxovirus from an Adélie Penguin cloacal sample, 

designated APMV/179/78, and detected antibodies to par-
amyxoviruses in blood samples from 17 of 100 Adélie 
Penguins (17%) and South Polar Skuas (Stercorarius 
maccormicki) in 1978 and 1986, respectively. It was later 
determined that APMV/179/78 was more closely related 
phylogenetically to APMV-1 serotypes (Alexander et al. 
1989) to which NDV belongs. In East Antarctica, antibody 
to NDV was detected in Adélie Penguins near Wilkes Base 
(Morgan and Westbury 1981) and in 3 of 17 (17.6%) Adélie 
Penguins on Béchervaise Island (Morgan and Westbury 
1988). Morgan et al. (1985) experimentally infected Little 
Penguins (Eudyptula minor) with a strain of paramyxovi-
rus (designated APMV-IM), isolated from Royal Penguins 
(Eudyptes schlegeli) on Macquarie Island (Morgan et al. 
1981). HI antibody titres of 1:8 and 1:16 were detected 2–3 
weeks after infection (Morgan and Westbury 1981). As 
noted, similar titres were detected in two Adélie Penguins at 
Cape Bird sub-colonies in this study. The Macquarie Island 
strain was considered non-pathogenic (lentogenic) for Little 
Penguins (E. minor) at that location (Morgan and Westbury 
1981; Morgan et al. 1985). This might likely be the case for 
the NDV strain apparently circulating sporadically in Adélie 
Penguins at Cape Bird.

This is the first study to report results of IBDV antibod-
ies in Adélie Penguins on Ross Island. Across all samples 
collected in the three field seasons, there were 11 samples 
with either a positive or inconclusive ELISA result, Table 3. 
These samples were then tested using the virus neutraliza-
tion test (VNT), Table 3. An advantage of the VNT is that 
the serum of any avian species can be used and this test is 
both very sensitive and very specific (Phalen 2002). It is 
considered to be the “gold standard” for IBDV antibody test-
ing (De Wit et al. 2001). The only other effort to detect anti-
bodies to the IBDV virus in Adélie Penguins on Ross Island 
was conducted in 1999. However, because these results were 
negative, these findings were never published (Ritchie pers. 
comm.).

In this study, the positive IBDV results were unexpected 
because of the previous negative results obtained in the 
investigation by Ritchie (pers. comm.) and the fact that this 
disease is only recognized in chickens (Saif 1998). How-
ever, a review of Table A3 shows the finding of antibodies 
to both of the two known serotypes of this virus in all but 
two instances. In one study, seroprevalence was as high as 
100% (Watts et al. 2009). Seropositivity to this virus would 
therefore seem to be the rule rather than the exception. Watts 
et al. (2009) suggest that Emperor Penguins (Aptenodytes 
forsteri) are natural carriers of IBDV due to the inability of 
the virus to persist in the sea-ice of their breeding colonies 
as these undergo seasonal melt (Watts et al. 2009). Thus, 
other sources or means of introduction to their colonies, 
including introduction by human activity, have been ruled 
out. Emperor Penguins do occasionally appear at Adélie 
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Penguin colonies on Ross Island, with colonies at Cape 
Crozier and nearby Beaufort Island during their breeding 
season (Kooyman et al. 2007). It would only be speculation, 
but drawing on the conclusion by Watts et al. (2009) that 
Emperor Penguins are natural carriers of IBDV, they may be 
the source of this virus that is periodically infecting Adélie 
Penguins on Ross Island.

Alternative means of introduction of pathogenic organ-
isms to birds in Antarctica have been offered, however. Host 
switching is one proposed method and results when either 
a food source or other animal introduces its pathogens into 
new susceptible hosts (Morgan et al. 1981; Wallensten et al. 
2006; Hurt et al. 2014). Prior to the implementation of the 
Madrid Protocol in 1998 (the Protocol on Environmental 
Protection to the Antarctic Treaty, 1991), it was not unu-
sual for live domestic poultry to be brought to mainly sub-
Antarctic islands to supplement food supplies (e.g., Morgan 
et al. 1978; Gauthier-Clerc et al. 2002). Though no longer 
allowed, this practice has been offered as one of the means of 
the possible direct introduction of poultry viruses to which 
antibodies have been detected in certain penguin populations 
(Morgan et al. 1978; Gauthier-Clerc et al. 2002).

It has also been proposed that migratory birds such as 
skuas or giant petrels might introduce viruses or bacteria 
directly or by transporting virus-bearing ticks with them, 
namely the bi-hemispheric seabird tick, Ixodes uriae, into 
colonies (e.g. Morgan and Westbury 1981; Austin and Web-
ster 1993; Gauthier-Clerc et al. 2002; Baumeister et al. 2004; 
Wallensten et al. 2006; Chang et al. 2009; Abad et al. 2013; 
Hurt et al. 2014, 2016). De Souza Petersen et al. (2017) 
provide direct support for the migratory bird hypothesis 
with the recovery of an avian influenza A strain in a south-
ern giant petrel. In this case, this bird had been tracked and 
had credible movements from the South Shetland Islands 
and potential opportunity for contacts during its seasonal 
migration into more northerly temperate waters (de Souza 
Petersen et al. 2017).

At Cape Bird, the only other resident avian species at 
these colonies was the South Polar Skua though a few 
other bird species were observed occasionally but always 
in flight, e.g. Snow Petrels (Pagodroma nivea), Antarctic 
Petrels (Thalassoica antarctica) and Wilson’s Storm Pet-
rels (Oceanites oceanicus). Other species such as Jaegers 
(Stercorarius sp.) and Gulls (Larus sp.) have also been docu-
mented as occasional visitors around Ross Island in the past 
(Ainley et al. 1978). There is no support for involvement 
of migratory species and positive IBDV titres in Emperor 
Penguins in East Antarctica, however, as other avian species 
are not present during their winter breeding season when 
antibodies have been detected (Watts et al. 2009; Miller and 
Shellam 2010).

An additional, but as yet unproven, source of poten-
tially pathogenic microorganisms is from the personnel and 

materials of both research and tourist groups (Grimaldi et al. 
2011; Woehler et al. 2014). Although some have implicated 
past human actions (Gardner et al. 1997; Gauthier-Clerc 
et al. 2002; Abad et al. 2013), human involvement has also 
been deemed unlikely (Watts et al. 2009; Abad et al. 2013). 
Gardner et al. (1997) expressed concerns that non-penguin 
avian species’ access to contaminated poultry products may 
have led to antibodies to infectious bursal disease in pen-
guin populations in East Antarctica. Improper food disposal 
practices at research stations could have allowed skuas to 
pilfer poultry and other food waste and contaminate nearby 
penguin colonies (Gardner et al. 1997). However, Watts et al. 
(2009) found neutralizing antibodies to IBDV (serotype 1) 
in the serum of Adélie Penguins in remote colonies away 
from human activity thereby absolving careless humans of 
culpability in this case.

From a serological perspective, infectious bursal disease 
virus is circulating among not only the Adélie Penguins on 
Ross Island, but most of the penguins sampled elsewhere, 
Table A3. However, the confirmed recovery of this virus has 
yet to be accomplished in spite of numerous attempts (Watts 
et al. 2009; Miller and Shellam 2010). Positive serological 
results may well follow exposure to a particular agent but 
they might also be the result of cross-reactivity to very simi-
lar antigens of closely related viruses (Gauthier-Clerc et al. 
2002; Gilbert et al. 2013). This has been well documented 
with the hemagglutination-inhibition test and different sero-
types of paramyxoviruses (Miller et al. 2010). The possibil-
ity of cross-reacting antigen–antibody reactions resulting in 
seropositivity to IBDV in (Emperor) penguins from consum-
ing prey infected with a closely related birnavirus had been 
proposed (Critchlie 1998). There was speculation that the 
first outbreak of IBD in the United States was attributed to 
infected but unspecified crustaceans mixed in feed given to 
poultry (Swarbrick 1998). There is some merit to that line 
of thinking as the lesser mealworm beetle (Alphitobius dia-
perinus) is recognized as a reservoir of the IBDV (Saif 1998) 
and is also known as a pest of poultry production facilities 
(McAllister et al. 1995).

In reference to the possibility of a birnavirus found in 
fish, Watts et al. (2009) discredit the infected-food theory 
referring to a study by Dobos et al. (1979) who state, “There 
are no serological cross-reactions between IBDV and other 
birnaviruses.” However, the possibility of cross-reacting 
antibodies has since been given support by documentation of 
recombination events occurring in strains of IBDV serotype 
1 (Jackwood 2012). Such a scenario was postulated as the 
origin for the emergence of hypervirulent strains of IBDV 
(van den Berg 2000). Genetic re-assortment of birnaviruses 
from other birds or fish could perhaps be a source of an as 
yet uncharacterized strain of avibirnavirus that is circulating 
in Antarctic penguins. Re-assortment of cross-species strains 
of the influenza A virus leading to pandemics (Neumann 
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and Kawaoka 2011) is testimony to the possibility of such 
an event.

Additionally, the IPNV (Infectious Pancreatic Necrosis 
Virus; affecting fish) and IBDV strains used in the Dobos 
et al. (1979) study were not wild strains and the serum used 
to produce the antiserum in these tests originated in rabbits 
(anti-IPNV) and chickens (anti-IBDV). One of the concerns 
of using a particular test validated for one species is the 
uncertainty of how the serum of another species may react 
in that test due to unknown properties of the serum (Tizard 
2002). The tests utilized in this study have been validated 
for use mainly in poultry (Table 1). While the detection of 
antibodies may truly indicate exposure to particular microor-
ganisms, the possibility exists that other confounding factors 
may result in a “positive” test. These and other issues related 
to serology testing are more thoroughly discussed in Gardner 
et al. (1996), Fierz (1999), Phalen (2001) and Tizard (2002). 
This, too, is addressed in the report accompanying the posi-
tive results for the IBDV test. The following comment was 
provided,

“The outliers should not be represented as evidence for 
exposure to IBDV, but as indications to the need for 
additional work in both diagnostics and surveillance.” 
(AAHL report).

This sentence succinctly addresses the use of serology and 
its interpretation in this and other wildlife viral serology 
studies. This sentiment regarding the performance of sero-
logical testing outside of its original validated target species 
is likewise echoed in Vandalen et al. (2009). Despite some 
of the inherent problems with serological tests, they still 
remain a powerful tool for investigating infectious diseases 
in wildlife (Gilbert et al. 2013).

Conclusions and recommendations

The data presented herein establish a benchmark for future 
viral studies on Adélie Penguins on Ross Island and can be 
used to compare to penguin populations in other regions of 
the Antarctic Treaty area. While longitudinal health studies 
of penguins are infrequent in the three main biogeographic 
regions of the Antarctic (Grimaldi et al. 2014), they are even 
less common on Ross Island as at least 30 years has passed 
since the last study. However, there may well have been other 
studies, not only on Ross Island, but other regions that have 
not been published. All findings, both positive and negative 
alike, should be published.

Paramyxoviruses and infectious bursal disease viruses 
are believed to be endemic in Antarctic avian species 
(Morgan and Westbury 1988; Watts et al. 2009; Miller 
et al. 2010; Soñora et al. 2015). The results of the antibody 

tests in this study reaffirm the seemingly transient nature 
of viruses associated with Antarctic penguins as previ-
ous studies have revealed. While serological evidence for 
avian influenza A was negative for the Adélie Penguin 
populations on Ross Island during this study, confirma-
tion of the presence of different strains of avian influenza 
A virus has recently been established within the Antarctic 
Treaty area (Hurt et al. 2014, 2016; Barriga et al. 2016; de 
Souza Petersen et al. 2017).

With the recent confirmation of three different strains of 
avian influenza A viruses in multiple species of seabirds in 
West Antarctica, ongoing monitoring should be a priority 
within the Antarctic Treaty area. This is especially rel-
evant in the Western Antarctic Peninsula region given the 
warming trend there, the relatively large mix of avian spe-
cies, the high concentration of research bases and a grow-
ing tourism presence (Chown et al. 2012; Turner et al. 
2014). The increased potential for the distribution of non-
indigenous microorganisms through natural means and an 
increasing human presence, aided by ameliorating climatic 
conditions (Turner et al. 2014; Woehler et al. 2014), likely 
enhance exposure to pathogens, both endemic and novel, 
to the animal inhabitants of the Antarctic regions. Addi-
tionally, the time gaps in investigations should encour-
age national programme managers to establish regular, 
long-term surveillance for these important diseases in all 
regions. Establishing baseline datasets and monitoring 
schemes would therefore make it possible to be aware of 
future incursions in keeping with the aims of both SCAR 
and CCAMLR. These would also aid in guiding decision-
making policies for managing the ice-free areas frequently 
used for tourism and research purposes alike within the 
Antarctic Treaty area.
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