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Abstract: Numerous Antarctic species are recognized as reservoirs for various pathogens,
and their migratory behavior allows them to reach the Brazilian coast, potentially
contributing to the emergence and circulation of new infectious diseases. To address
the potential zoonotic risks, we conducted surveillance of influenza A virus (IAV) and
coronaviruses (CoVs) in the Antarctic Peninsula, specifically focusing on different bird
and mammal species in the region. During the summer of 2021/2022, as part of the
Brazilian Antarctic Expedition, we collected and examined a total of 315 fecal samples
to target these respiratory viruses. Although we did not detect the viruses of interest
during this particular expedition, previous research conducted by our team has shown
the presence of the H11IN2 subtype of influenza A virus in penguin fecal samples from the
same region. Given the continuous emergence of new viral strains worldwide, it is crucial
to maintain active surveillance in the area, contributing to strengthening integrated One
Health surveillance efforts.
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and animal surveillance authorities (Keesing et
al. 2010, Tazerji et al. 2022).

To prevent the emergence of new diseases and
epidemics and effectively address the impacts
of infectious agents on ecosystems and society,
it is essential to enhance surveillance systems
capable of monitoring circulating pathogens
in humans, animals (both domestic and wild),
and the environment. This approach aligns with
the principles of One Health. According to the
World Organization for Animal Health (WOAH), it
is estimated that 75% of emerging diseases have
a zoonotic origin, underscoring the crucial need
for close collaboration between public health

The emergence of zoonotic diseases typically
occurs as a result of various factors, including:
(i) Anthropogenic actions, such as urbanization,
agricultural expansion, deforestation,
globalization, socioeconomic development,
the use of agrochemicals, and the application
of antimicrobial treatments, as well as other
behaviors such as meat consumption, animal
production, and animal-human interaction, (ii)
environmental factors, including temperature,
drought, wind, and climate change, (iii) biological
factors, such as genetic drift and rearrangement
(Tazerji et al. 2022, WHO 2006).
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Climate and environmental changes have
significant effects on various regions of the
planet, but the Antarctic ecosystem holds
particular importance in this context. The native
biota of Antarctica has undergone adaptations
to the extreme conditions of the region over
millions of years, making it a unique and fragile
ecosystem that is now facing the challenges of
environmental changes and the direct impacts
of human activities (Convey & Peck 2019). The
expansion of national research programs and
tourism activities in Antarctica brings increased
risks of introducing infectious diseases to
wildlife (Barbosa et al. 2021). Potential impacts of
tourism on wildlife include disturbances caused
by frequent visits, the introduction of diseases
and non-native species, as well as pollution
stemming from ship and aircraft operations
and sewage disposal (Woehler et al. 2014). The
emergence of the COVID-19 pandemic, caused
by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), has further
emphasized the urgent need to strengthen
surveillance and monitoring systems for viruses
with zoonotic potential, even in the most
extreme environments like Antarctica (Barbosa
et al. 2021). The rapid global spread of the virus
has underscored the necessity to intensify our
efforts in this regard.

Coronaviruses (CoVs) form a diverse group
of highly infectious viruses that pose challenges
for control measures due to their extensive
genetic diversity, rapid replication time, and high
mutation rate. These viruses infect a wide range
of animals (Cui etal. 2019, Jordan et al. 2015). CoVs
belong to the family Coronaviridae, within the
order Nidovirales. They are enveloped, positive-
sense RNAviruses known to infect four out of the
seven classes of vertebrates: mammals and birds
(subfamily: Orthocoronavirinae), amphibians
(subfamily: Letovirinae), and bony fish
(subfamily: Pitovirinae) (ICTV, https://ictv.global/
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report/chapter/coronaviridae/coronaviridae).
Within the Orthocoronavirinae subfamily,
there are four genera: Alphacoronavirus,
Betacoronavirus, Gammacoronavirus, and
Deltacoronavirus, based on their phylogenetic
relationships and genomic structures (Cui et
al. 2019, Woo et al. 2023). Alphacoronaviruses
and betacoronaviruses primarily infect
mammals, while gammacoronaviruses and
deltacoronaviruses mainly infect birds, although
some of them can also infect mammals (Cui et al.
2019). Coronaviruses have a global distribution
and can be found in various species of wild
animals, serving as potential reservoirs and
hosts for genetic mutations and recombination
events that can lead to the emergence of new
serotypes or genera (Cui et al. 2019, Jordan et al.
2015).

Influenza viruses are enveloped, negative-
sense single-stranded RNA viruses with a
segmented genome (Javanian et al. 2021,
Krammer et al. 2018, Webster et al. 1992). Within
the Orthomyxoviridae family, there are four
types of influenza viruses (A-D), with three types
(A, B, and C) capable of infecting and causing
disease in humans (Uyeki et al. 2022). Influenza
Aviruses (IAVs) not only circulate in humans but
also in domestic animals such as pigs, horses,
and poultry, as well as in wild migratory birds,
where more than 100 species of ducks, geese,
swans, gulls, waders, and wild aquatic birds are
considered natural reservoirs (Krammer et al.
2018, Webster et al. 1992). Influenza B viruses
primarily infect humans, while influenza C
viruses can infect humans, pigs, and dogs, and
influenza D viruses primarily infect cattle with
occasional spillover to other animals (Uyeki et
al. 2022).

The IAVs are classified into subtypes
based on the types of surface glycoproteins,
hemagglutinin (HA), and neuraminidase (NA)
they possess (Krammer et al. 2018, Uyeki et al.
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2022). To date, 18 HA and 11 NA subtypes have
been identified, with 16 HA (H1-16) and nine NA
(N1-9) subtypes being enzootic in avian species,
particularly in wild waterfowl (Olsen et al. 2006,
Tong et al. 2012, 2013, Webster et al. 1992). These
viruses can periodically infect other animals
like poultry and pigs, establishing enzootic
and endemic lineages. The high error rate of
the RNA-dependent RNA polymerase (RdRp)
and the reassortment of RNA segments during
co-infections provide IAVs with evolutionary
flexibility, enabling them to circulate among
new hosts (Uyeki et al. 2022). This characteristic
plays a central role in the emergence of novel
influenza A subtypes, often through zoonotic
transmission (Krammer et al. 2018, Uyeki et al.
2022). For instance, in 2009, the first influenza
virus pandemic of the 21st century was caused
by a novel HIN1 influenza A virus reassortant
that was previously circulating in pigs (Krammer
et al. 2018).

Numerous studies have investigated the
occurrence of IAVs in the avifauna of Antarctica,
consistently showing that the local fauna is
constantly exposed to IAVs infections (Abad et
al. 2013, Austin & Webster 1993, Baumeister et al.
2004, de Seixas et al. 2022, de Souza Petersen et
al. 2017, Hurt et al. 2014, 2016, Morgan & Westbury
1981, Ogrzewalska et al. 2022, Wallensten et al.
2006).

In the Antarctic environment, the proximity
and coexistence of different animal species,
which form large colonies along the shores
during the summer, create favorable conditions
for the emergence of new viruses. This is due to
the potential for co-infections between viruses
found in different species of birds and other
animals (Smeele et al. 2018a). Furthermore,
human-wildlife interactions in Antarctica occur
regularly, mainly during research activities,
tourist visits, and unexpected encounters
associated with operations, logistics, or fishing
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activities (Barbosa et al. 2021, Woehler et al.
2014).

Although previous studies have
demonstrated the presence of a variety of
viruses in Antarctic animals, including avian
avulaviruses, birnaviruses, herpesviruses,
caliciviruses, picornaviruses, flaviviruses, as
well as numerous new and unclassified viruses
(Smeele et al. 2018a, b, Wang et al. 2022, Wille et
al. 2019, 2020, Zamora et al. 2023), our current
study specifically focused on monitoring viruses
with potential zoonotic risks, such as CoVs and
[AVs. To conduct this surveillance, we collected
fresh feces from wild birds and mammals in
different locations within the South Shetland
Islands of the Antarctic Peninsula during the XL
Brazilian Antarctic Expedition.

MATERIALS AND METHODS
Ethical aspects

Permissions to collect samples were granted
by the Environmental Assessment Group of the
Brazilian Antarctic Program (GAAmM-PROANTAR
XL) for specific locations (Antarctic Specially
Protected Areas, ASPAs) within the Antarctic
region. These locations include the Western
Shore of Admiralty Bay (ASPA 128), Lions Rump
(ASPA 151), Potter Peninsula (ASPA 132), Ardley
Island (ASPA 150), Byers Peninsula (ASPA 126),
Harmony Point (ASPA 133), and Deception Island
(ASPA 140). No permission was required for
sampling in other areas as they did not have
any access restrictions or specific regulations
in place.

Sample collection

Fecal samples were collected during field
expeditions conducted in the South Shetland
Islands, near the Antarctic Peninsula, throughout
the breeding season of the 2021-2022 Antarctica
summer season, specifically from October 2021
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to March 2022. The sampling efforts covered six
islands and 14 different localities (Table I, Fig. 1).

During the sampling process, both individual
fresh samples from monitored animals and feces
from penguins’ nesting sites were collected.
Fecal material was collected using sterile Dacron
swabs, which were promptly placed into tubes
containing 2 mL of viral transport medium,
following the method described previously
(Ogrzewalska et al. 2022). The samples were
then refrigerated for up to 4 hours before being
frozen at -80°C for further analysis.

Viral RNA extraction

Clarified fecal suspensions (20%, wt/vol) were
prepared with 1 phosphate-buffered saline (PBS)
by vortex mixing, followed by centrifugation
at 3,000 x g for 20 min, and 140 mL of the
supernatant was used for viral RNA extraction.
Viral RNA was extracted using a QlAamp viral
RNA minikit (Qiagen, CA, USA) and a QlAcube
automated system (Qiagen), according to the
manufacturer’'s instructions. Viral RNA was
eluted in 60 mL of the elution buffer. The
isolated RNA was immediately stored at -80°C
until molecular analysis. For each extraction
procedure, RNase/DNase-free water was used
as a negative control.

INFLUENZA VIRUS AND CORONAVIRUS IN ANTARCTICA

Influenza A virus (IAV) screening by quantitati-
ve one-step real-time RT-PCR

The IAVs were screened using TagMan based
quantitative one-step real-time RT-PCR. All
reactions were performed using the SuperScript
[l Platinum one-step quantitative RT-PCR (qRT-
PCR) kit (Thermo Fisher Scientific, Invitrogen
Division, Carlsbad, CA, USA) according to the
protocol established by the Collaborative
Influenza Center, Centers for Disease Control
and Prevention, Atlanta, GA (Shu et al. 2011).
Samples that crossed the threshold line below
a threshold cycle (CT) value of 38 and showed
a characteristic sigmoid curve were regarded as
positive.

Coronavirus (CoVs) screening by conventional
pancoronavirus RT-PCR

All the samples were also subjected also
to pancoronavirus PCR targeting the RNA-
dependent RNA polymerase (RdRp) gene as
described previously (Chu et al. 2011). Briefly,
RNA was amplified in a first-round PCR (RdRp
S1 5 -GGKTGGGAYTAYCCKAARTG -3’ RdRp R1
5'-TGYTGTSWRCARAAYTCRTG-3') using One-Step
RT-PCR Enzyme MixKit (Qiagen) with the total
expected size of 620 base pairs (bp). All reactions
were conducted in Verit Thermo Cycler (Applied
Biosystems) with the following conditions:

Figure 1. Localization of the
collection sites in the present
study, South Shetland Islands,
October 2021 - March 2022.

1 - Western Shore of Admiralty
Bay (ASPA 128), 2 - Lions Rump
(ASPA 151), 3 - Potter Peninsula
(ASPA 132), 4 - Martins Head,

5 - Keller Peninsula, 6 - Point
Hannequin, 7- Three Sister’s
Point, 8 - Turret Point, 9 -
Penguin Island, 10 - Ardley
Island (ASPA 150), 11 - Hannah
Point, 12 - Byers Peninsula, 13 -
i Harmony Point, 14 - Deception
H”Gcogle ENth |Sland.

50
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reverse transcription (50°C, 30 min), reverse
transcriptase inactivation, and DNA polymerase
activation (95°C, 15 min), followed by 40 cycles
of DNA denaturation (94°C, 45 s) and annealing
(52°C, 45 s) and extension (72°C, 45 s) and one
cycle of the final extension step (72°C, 10 min).
Following, the second PCR using Phusion RT-PCR
Enzyme Mix kit (Sigma-Aldrich), primers Bat1F
5 -GGTTGGGACTATCCTAAGTGTGA -3' and BatiR
5'-CCATCATCAGATAGAATCATCAT-3" and 1 uL of the
amplified product as a template were used in
the following conditions: denaturation (98°C, 30
s), followed by 35 cycles of DNA denaturation
(98°C, 15 s) and annealing (52°C, 15 s), extension
(72°C, 30 s) and one cycle of the final extension
step (72°C, 5 min). Amplicons (~440 bp) were
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visualized on 1.5% agarose gels with SYBR™ Safe
DNA Gel Stain (Thermo Fisher Scientific).

RESULTS AND DISCUSSION

The Antarctic region is characterized by its
unique and diverse fauna, including various
species of seabirds such as Adélie (Pygoscelis
adeliae), chinstrap (P. antarcticus), gentoo (P.
papua), and macaroni (Eudyptes chrysolophus)
penguins, Antarctic terns (Sterna vittata), skuas
(Stercorarius spp) and gulls (Larus dominicanus).
Additionally, the region is inhabited by several
species of pagophilic true seals, including the
crabeater (Lobodon carcinophaga), leopard
(Hydrurga leptonyx), Ross (Ommatophoca rossii),
and Weddell (Leptonychotes weddellii) seals,

Table I. Geographical Localization of Collection Sites: South Shetland Islands (October 2021 - March 2022) with
ASPA (Antarctic Specially Protected Area) and IBA (Important Bird Area) Designations.

No. Island Study site
. Western
1 King George Shore of Admiralty 62°12'
Island
Bay
2 Lions Rump 62°08'
3 Potter Peninsula 58°39’
4 Martins Head 62°11
5 Keller Peninsula 62°05'
6 Point Hennequin 62°06'
7 Three Sister’s Point 62°04
8 Turret Point 62°05
9 | Penguin Island 62°06'
10 | Ardley Island 62°13'
Livingston . 00’
1 sland Hannah Point 62°39
12 Byers Peninsula 62°38'
13 | Nelson Island Harmony Point 62°18’
Deception Fumarole Bay, oror
14 Island Whaler's bay 62758

Latitude (S) |Longitude (W)

Observation

Colony of Pygoscelis papua and Pygoscelis

28728 adeliae, 1BA 46, ASPA 128

58°08' Colony of P papua and P adeliae, ASPA 151

58°39’ Colony of P. papua, I1BA 47, ASPA 132

58°14 Rocky shore, without penguin colony

58°23 Rocky shore, without penguin colony

5809’ Rocky shore, Stercorarius maccormicRi
colony, IBA 45

57°53’ Rocky shore, without penguin colony

57°55' Colony of P. papua

57°55' Colony of P. antarcticus

58°56’ Colony of P. papua, IBA 48, ASPA 150

60°37 Colony of P. papua

61°05' Colony of P. papua, IBA 54, ASPA 126

59°12 Colony of P. antarcticus, IBA 49, ASPA 133

60°40’ Rocky shore, without penguin colony, IBA 55

and 56, ASPA 140
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as well as the Antarctic fur seal (Arctocephalus
gazella) (Shirihai, 2008). Many of these species
have been observed in the South Shetland
Islands. During the Antarctica Expedition in
2021/2022 fresh fecal samples were collected
from these animals, resulting in a total of 254
samples of seabird feces and 61 samples of
mammalian feces (Tables Il and Ill). Out of the
total 315 fecal samples collected and tested for
coronaviruses and influenza A viruses, none of
them tested positive.

In a previous expedition to Antarctica
conducted by your research group in 2019/2020,
the presence of IA virus was detected in
environmental fecal samples collected in the
same study areas (Ogrzewalska et al. 2022). A
total of 95 fecal samples were collected from
bird colonies and screened for IA. Among the
seven samples collected on Penguin Island,
five tested positive for IA. Upon analyzing the
genomes obtained from four samples, the
subtype H11N2 was identified in fecal samples
from P adeliae and a colony of P.antarcticus.
This subtype had previously been observed in
P. adeliae colonies on King George Island (Hurt
et al. 2016), in snowy sheathbill (Chionis albus)
on Kopaitik Island, Antarctic Peninsula (Hurt et
al. 2014), and in P antarcticus in Cape Shirreff,
Livingston Island (Shu & McCauley 2017).
Bayesian phylogeographic analysis revealed
that all currently available H1IN2 samples from
Antarctica’s avifauna cluster together in a single
group that emerged in the early 2010s, indicating
its continued circulation on the continent. Other
subtypes, such as H6N8 (de Seixas et al. 2022),
H4N7 (de Souza Petersen et al. 2017), and H5N5
(Hurt et al. 2016, Wille et al. 2019), have also
been detected in Antarctic birds. Additionally,
previous serological studies have demonstrated
the presence of antibodies against IAVs in
various Antarctic seabirds, including P adeliae,
P antarcticus, P. papua, C. maccormicki, and C.

INFLUENZA VIRUS AND CORONAVIRUS IN ANTARCTICA

Table Il. Bird Fecal Sample Collection on South
Shetland Islands: October 2021-March 2022.

“te Species samples
1 Pygoscelis adeliae 8
Pygoscelis papua 6
Pygoscelis spp 3
Stercorarius skua 2
Sterna spp 3
not indentified 1
2 P adeliae 8
P. papua 24
Pygoscelis sp 1
3 Pygoscelis antarcticus 1
P papua 4
Pygoscelis spp 10
4 Py. antarcticus 1
Pygoscelis spp 3
Phalacrocorax bransfieldensis 1
Larus dominicanus 5
Pygoscelis spp 13
5 P papua 12
Pygoscelis sp 1
6 P. papua 2
not indentified 1
7 P adeliae 1
Pygoscelis spp 4
8 P. papua 3
P antarcticus 27
10 P papua 37
i P. papua i
Pygoscelis spp 7
Pbransfieldensis 1
12 P antarcticus 3
P. papua 23
Pygoscelis sp 1
13 P papua
P papua 6
14 P antarcticus 1
P. papua 10
Pygoscelis spp 2
TOTAL 254
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antarctica lonnbergi (Austin & Webster 1993.
Miller et al. 2008, Morgan & Westbury 1981,
1988) However, the previous studies that have
assessed the circulation of IAVs in Antarctic
seabirds by PCR methods (Barriga et al. 2016,
de Seixas et al. 2022, de Souza Petersen et al.
2017, Hurt et al. 2016, Hurt et al. 2014) have
consistently observed a low prevalence of
infection, typically below 5%. Therefore, the
absence of virus detection in the collected
environmental samples during your expedition
could be attributed to the low occurrence of IAV
in the sampled seabird populations during that
specific period. It highlights the importance of
continuous surveillance and monitoring efforts
to understand the dynamics of IAV circulation in
Antarctic wildlife.

Table lll. Mammal Fecal Sample Collection on South
Shetland Islands: October 2021-March 2022.

Study site Species No of samples
1 Leptonychotes weddellii 1
2 Mirounga leonina 1
Arctophoca gazella 4
3 M. leonina 1
A. gazella 3
4 A. gazella 10
5 L. weddellii 2
7 M. leonina 3
A. gazella 1
8 M. leonina 3
A. gazella 16
9 A. gazella 2
10 A. gazella 4
M M. leonina 4
12 M. leonina 4
13 M. leonina 2
Total 61

INFLUENZA VIRUS AND CORONAVIRUS IN ANTARCTICA

Regarding coronavirus surveillance, to the
best of our knowledge, there have been no
studies conducted on coronaviruses in Antarctic
mammals, however, marine mammals, like
other animals, can be susceptible to infectious
diseases. Previous studies have already
reported the presence of Gammacoronavirus in
marine mammal, such a deceased beluga whale
(Delphinapterus leucas) (Mihindukulasuriya et
al. 2008) and in Indo-Pacific bottlenose dolphins
(Tursiops aduncus) (Woo et al. 2014) that are
associated with respiratory diseases in these
animals. The transmission of viruses between
humans and marine mammals is a possibility as
well, particularly in cases where there is close
contact or potential exposure. It is believed
that the transmission of SARS-CoV-2 to marine
mammals could occur through respiratory
droplets or contact with contaminated surfaces.
Given the limited information available, it
is essential for researchers and experts to
continue monitoring the situation and studying
the potential impacts of COVID-19 on marine
mammals (Audino et al. 2021, Barbosa et al.
2021).

According to a recent review, avian
coronaviruses have been detected in 15 orders,
comprising 30 families, and across 108 species
of wild birds (Wille & Holmes 2020). In Antarctica,
some avian coronaviruses have been more
recently identified through next-generation
sequencing (NGS). Using this approach,
researchers detected novel Deltacoronavirus in
P papuafrom Kopaitik Island, Antarctic Peninsula
(Wille et al. 2020) as well as in environmental
samples from C. albus from Nelson Island and
around Isabel Riquelme Islet (Zamora et al.
2023).

Therefore, there is still much to be explored
regarding the ecology of IAs and CoVs in the
Antarctic ecosystems, as the current knowledge
remains incomplete. The primary concern now
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lies in the surveillance of the Highly Pathogenic
Avian Influenza Virus (HPAIV) caused by subtype
H5N1. Recent outbreaks of the highly virulent
HPAI H5N1 influenza virus in South America
indicate a significant risk of its introduction
to the Antarctic Peninsula and South Shetland
Islands. This risk is heightened due to the
presence of several species that are currently
affected in the Northern Hemisphere, including
Antarctic migrants such as skuas, terns, and
other migratory bird species that interact with
them. The implications of this subtype not only
endanger penguins and marine mammals but
also pose a risk to the safety of researchers and
tourists visiting colonies.

We also recognize the limitations of our
study, particularly the omission of collecting
other tissues, such as serum, which might have
yielded valuable insights into the presence of
antibodies against influenza and coronavirus in
Antarctica’s animals. Unfortunately, the harsh
and remote Antarctic environment presented
logistical challenges, making the collection of
additional sample types impossible during this
expedition. Yet, we are committed to addressing
this limitation in future collections, aiming
to include diverse tissue samples to improve
the comprehensiveness of our research.
Additionally, we acknowledge another limitation
of our study, namely the small sample size. At the
outset, logistical and environmental challenges
in Antarctica constrained our ability to collect
a larger number of samples. However, it is
essential to emphasize that despite the modest
sample size, our study makes a substantial
contribution to enhancing our understanding of
virus circulation within the Antarctic ecosystem.

In a changing world, characterized by the
emergence of zoonotic diseases, the surveillance
of pathogenic viruses in birds and mammals
inhabiting the Antarctic ecosystem is an integral
part of health monitoring strategies, with a

INFLUENZA VIRUS AND CORONAVIRUS IN ANTARCTICA

specific focus on the One Health perspective.
Moreover, it will be crucial to integrate data
elements ranging from the micro level (genes)
to the macro level (social, political, climate, and
global migration routes) to anticipate, assess
risks, and adequately prepare for potential
epidemics.

Acknowledgments

FIOANTAR Working Group (https://fioantar.fiocruz.br/
equipe), Programa Antartico Brasileiro - PROANTAR and
Vice-Presidéncia de Producao e Inovacao em Salde
(VPPIS). This study was partly supported by INOVA - EDITAL
2/2018 - GER/—\QAO DE CONHECIMENTO [grant number:
4720463444]), and Conselho Nacional de Desenvolvimento
Cientifico e Tecnologico (CNPq), Ministério da Ciéncia,
Tecnologia, Inovagées e Comunicacdes (MCTIC),
Coordenagao de Aperfeicoamento de Pessoal de Nivel
Superior (CAPES)/FNDCT N© 21/2018 - PROANTAR
[grant number: CNPq 442646/2018-6]. Fundacao para o
Desenvolvimento Cientifico e Tecnologico em Saude -
FIOTEC [process: I0C-026-FI0-21] in award a scholarship.

REFERENCES

ABAD FX, BUSQUETS N, SANCHEZ A, RYAN PG, MAJO N &
GONZALEZ-SOLIS ). 2013. Serological and virological surveys
of the influenza A viruses in Antarctic and sub-Antarctic
penguins. Antarct Sci 25: 339-344.

AUDINO T ET AL. 2021. SARS-CoV-2, a Threat to Marine
Mammals? A Study from Italian Seawaters. Animals
(Basel) 11.

AUSTIN FJ & WEBSTER RG. 1993. Evidence of ortho- and
paramyxoviruses in fauna from Antarctica. ] Wildl Dis
29: 568-571.

BARBOSA A ET AL. 2021. Risk assessment of SARS-CoV-2 in
Antarctic wildlife. Sci Total Environ: 143352.

BARRIGA GP ET AL. 2016. Avian Influenza Virus H5 Strain
with North American and Eurasian Lineage Genes in an
Antarctic Penguin. Emerg Infect Dis 22: 2221-2223.

BAUMEISTER E, LEOTTA G, PONTORIERO A, CAMPOS A, MONTALTI
D, VIGO G, PECORARO M & SAVY V. 2004. Serological evidences
of influenza A virus infection in Antarctica migratory
birds. International Congress Series 1263: 737-740.

BRUNO A, ALFARO-NUNEZ A, MORA D, ARMAS R, OLMEDO M,
GARCES J, MUNOZ-LOPEZ G & GARCIA-BEREGUIAIN MA. 2023.
First case of human infection with highly pathogenic H5

An Acad Bras Cienc (2023) 95(Suppl. 3) 20230741 8|11


https://fioantar.fiocruz.br/equipe
https://fioantar.fiocruz.br/equipe

FERNANDA GOMES et al.

avian influenza a virus in South America: a new zoonotic
pandemic threat for 2023? J Travel Med 30(5): taad032.

CHU DK, LEUNG CY, GILBERT M, JOYNER PH, NG EM, TSE TM, GUAN
Y, PEIRIS JS & POON LL. 2011. Avian coronavirus in wild
aquatic birds. J Virol 85: 12815-12820.

CONVEY P & PECK LS. 2019. Antarctic environmental change
and biological responses. Sci Adv 5: eaaz0888.

CUIJ, LI F & SHI ZL. 2019. Origin and evolution of pathogenic
coronaviruses. Nat Ver Microbiol 17: 181-192.

DE SEIXAS MMM ET AL. 2022. H6N8 avian influenza virus in
Antarctic seabirds demonstrates connectivity between
South America and Antarctica. Transbound Emerg Dis 69:
e3436-e3446.

DE SOUZA PETERSEN E, DE ARAUJO J, KRUGER L, SEIXAS MM,
OMETTO T, THOMAZELLI LM, WALKER D, DURIGON EL & PETRY
MV. 2017. First detection of avian influenza virus (H4N7)
in Giant Petrel monitored by geolocators in the Antarctic
region. Marine Biology 164: 1-9.

FAO TFAAO. 2023. Global Avian Influenza Viruses with
Zoonotic Potential situation update [Online]. https://
www.fao.org/home/en/: FAO Emergency Prevention
System for Animal Health. [Accessed 02-05-2023 2023].

HURT AC ET AL. 2016. Evidence for the Introduction,
Reassortment, and Persistence of Diverse Influenza A
Viruses in Antarctica. ) Virol 90: 9674-9682.

HURT AC ET AL. 2014. Detection of evolutionarily distinct
avian influenza a viruses in Antarctica. mBio 5:
€01098-01014.

JAVANIAN M, BARARY M, GHEBREHEWET S, KOPPOLU V, VASIGALA
V & EBRAHIMPOUR S. 2021. A brief review of influenza virus
infection. ] Med Virol 93: 4638-4646.

JIMENEZ-BLUHM P ET AL. 2023. Detection and phylogenetic
analysis of highly pathogenic A/H5N1 avian influenza
clade 2.3.4.4b virus in Chile, 2022. Emerg Microbes Infect
12: 22205609.

JORDAN BJ, HILT DA, POULSON R, STALLKNECHT DE & JACKWOOD
MW. 2015. Identification of avian coronavirus in wild
aquatic birds of the central and eastern USA. ) Wildl Dis
51: 218-221.

KEESING F ET AL. 2010. Impacts of biodiversity on the
emergence and transmission of infectious diseases.
Nature 468: 647-652.

KRAMMER F ET AL. 2018. Influenza. Nat Rev Dis Primers 4: 3.

MIHINDUKULASURIYA KA, WU G, ST LEGER J, NORDHAUSEN RW &
WANG D. 2008. Identification of a novel coronavirus from
a beluga whale by using a panviral microarray. J Virol 82:
5084-5088.

INFLUENZA VIRUS AND CORONAVIRUS IN ANTARCTICA

MILLER GD, WATTS JM & SHELLAM GR. 2008. Viral antibodies
in south polar skuas around Davis Station, Antarctica.
Antarct Sci 20: 455-461.

MORGAN IR & WESTBURY HA. 1981. Virological studies of
Adelie Penguins (Pygoscelis adeliae) in Antarctica. Avian
Dis 25: 1019-1026.

MORGAN IR & WESTBURY HA. 1988. Studies of viruses in
penguins in the Vestfold Hills. Hydrobiologia 165: 263-269.

OGRZEWALSKA M ET AL. 2022. Influenza A(H11N2) Virus
Detection in Fecal Samples from Adelie (Pygoscelis
adeliae) and Chinstrap (Pygoscelis antarcticus) Penguins,
Penguin Island, Antarctica. Microbiol Spectr 10: e0142722.

OLSEN B, MUNSTER VJ, WALLENSTEN A, WALDENSTROM J,
OSTERHAUS AD & FOUCHIER RA. 2006. Global patterns of
influenza a virus in wild birds. Science 312: 384-388.

PAHO. 2023. Epidemiological Update: Outbreaks of avian
influenza caused by influenza A(H5N1) in the Region
of the Americas [Online]. The Pan American Health
Organization. [Accessed 29/06/2023 2023].

SHIRIHAI H.2008. The Complete Guide to Antarctic Wildlife:
Birds and Marine Mammals of the Antarctic Continent
and the Southern Ocean 2nd edition ed, Princeton, NJ:
Princeton University Press.

SHU B ET AL. 2011. Design and performance of the CDC
real-time reverse transcriptase PCR swine flu panel for
detection of 2009 A (HIN1) pandemic influenza virus. |
Clin Microbiol 49: 2614-2619.

SHU Y & MCCAULEY J. 2017. GISAID: Global initiative on
sharing all influenza data -from vision to reality. Euro
Surveill 22.

SMEELE ZE, AINLEY DG & VARSANI A. 2018a. Viruses associated
with Antarctic wildlife: From serology based detection
to identification of genomes using high throughput
sequencing. Virus Res 243: 91-105.

SMEELE ZE ET AL. 2018b. Diverse papillomaviruses
identified in Weddell seals. ) Gen Virol 99: 549-557.

TAZER]I SS, NARDINI R, SAFDAR M, SHEHATA AA & DUARTE PM.
2022. Anthropogenic Actions as Drivers for Emerging and
Re-Emerging Zoonotic Diseases. Pathogens 11.

TONG S ET AL. 2012. A distinct lineage of influenza A virus
from bats. Proc Natl Acad Sci U SA 109: 4269-4274.

TONG S ET AL. 2013. New world bats harbor diverse
influenza A viruses. PLoS Pathog 9: e1003657.

UYEKI TM, HUI DS, ZAMBON M, WENTWORTH DE & MONTO AS.
2022. Influenza. Lancet 400: 693-706.

An Acad Bras Cienc (2023) 95(Suppl. 3) €20230741 9 | 11



FERNANDA GOMES et al.

VITTECOQ M, GAUDUIN H, OUDART T, BERTRAND O, ROCHE B,
GUILLEMAIN M & BOUTRON 0. 2017. Modeling the spread
of avian influenza viruses in aquatic reservoirs: A novel
hydrodynamic approach applied to the Rhone delta
(southern France). Sci Total Environ 595: 787-800.

WALLENSTEN A, MUNSTER V), OSTERHAUS ADME, WALDENSTROM
J, BONNEDAHL J, BROMAN T, FOUCHIER RAM & OLSEN B. 2006.
Mounting evidence for the presence of influenza A virus
in the avifauna of the Antarctic region. Antarct Sci 18:
353-356.

WANG J ET AL. 2022. Diverse viromes in polar regions: A
retrospective study of metagenomic data from Antarctic
animal feces and Arctic frozen soil in 2012-2014. Virol Sin
37: 883-893.

WEBSTER RG, BEAN WJ, GORMAN OT, CHAMBERS TM & KAWAOKA
Y. 1992. Evolution and ecology of influenza A viruses.
Microbiol Rev 56: 152-179.

WHO. 2006. Anticipating Emerging Infectious Disease
Epidemics. Geneva, Switzerland: World Health
Organization.

WILLE M ET AL. 2019. Antarctic Penguins as Reservoirs of
Diversity for Avian Avulaviruses. J Virol 93.

WILLE M, HARVEY E, SHI M, GONZALEZ-ACUNA D, HOLMES
EC & HURT AC. 2020. Sustained RNA virome diversity in
Antarctic penguins and their ticks. ISME J 14: 1768-1782.

WILLE M & HOLMES EC. 2020. Wild birds as reservoirs for
diverse and abundant gamma- and deltacoronaviruses.
FEMS Microbiol Rev 44: 631-644.

WOEHLER EJ, AINLEY D & JABOUR J 2014. Human Impacts
to Antarctic Wildlife: Predictions and Speculations
for 2060. In: TIN T, LIGGETT D, MAHER PT & LAMERS M
(Eds) 101007/978-94-007-6582-5_2, Australia: Springer
Science+Business Media Dordrecht.

WOO PC, LAU SK, LAM CS, TSANG AK, HUI SW, FAN RY, MARTELLI P
& YUEN KY. 2014. Discovery of a novel bottlenose dolphin
coronavirus reveals a distinct species of marine mammal
coronavirus in Gammacoronavirus. J Virol 88: 1318-1331.

WOO PCY, DE GROOT RJ, HAAGMANS B, LAU SKP, NEUMAN BW,
PERLMAN S, SOLA I, VAN DER HOEK L, WONG ACP & YEH SH.
2023. ICTV Virus Taxonomy Profile: Coronaviridae 2023. )
Gen Virol 104.

ZAMORA G, AGUILAR PIERLE S, LONCOPAN J, ARAOS L, VERDUGO
F, ROJASFUENTES C, KRUGER L, GAGGERO A & BARRIGA GP. 2023.
Scavengers as Prospective Sentinels of Viral Diversity:
the Snowy Sheathbill Virome as a Potential Tool for
Monitoring Virus Circulation, Lessons from Two Antarctic
Expeditions. Microbiol Spectr 11: e0330222.

INFLUENZA VIRUS AND CORONAVIRUS IN ANTARCTICA

How to cite

GOMES F, PRADO T, DEGRAVE W, MOREIRA L, MAGALHAES M, MAGDINIER
H, VILELA R, SIQUEIRA M, BRANDAO M & OGRZEWALSKA M. 2023.
Active surveillance for influenza virus and coronavirus infection in
Antarctic birds and mammals in environmental fecal samples, South
Shetland Islands. An Acad Bras Cienc 95: €20230741. DOI 10.1590/0001-
3765202320230741.

Manuscript received on June 30, 2023;
accepted for publication on November 23, 2023

FERNANDA GOMES'
https://orcid.org/0009-0003-7821-6207

TATIANA PRADO'
https://orcid.org/0000-0002-8736-6683

WIM DEGRAVE?
https://orcid.org/0000-0003-3533-4580

LUCAS MOREIRA®
https://orcid.org/0000-0002-8084-7513

MAITHE MAGALHAES?
https://orcid.org/0000-0003-3340-2236

HARRISON MAGDINIER*
https://orcid.org/0000-0002-6489-8003

ROBERTO VILELA®
https://orcid.org/0000-0003-3275-2648

MARILDA SIQUEIRA'
https://orcid.org/0000-0003-4685-9817

MARTHA BRANDAO®
https://orcid.org/0000-0001-8529-8202

MARIA OGRZEWALSKA'
https://orcid.org/0000-0002-9207-743X

"Instituto Oswaldo Cruz, Fundagao Oswaldo Cruz,
Laboratorio de Virus Respiratorios, Exantematicos
e Entéricos e Emergéncias Virais, Av. Brasil,

4365, 21040-900 Rio de Janeiro, R}, Brazil

’Instituto Oswaldo Cruz, Fundagdo Oswaldo Cruz,
Laboratorio de Gendmica Aplicada e Bioinovacao, Av.
Brasil, 4365, 21040-900 Rio de Janeiro, R}, Brazil

’Instituto Nacional de Infectologia Evandro Chagas,
Fundacgao Oswaldo Cruz, Laboratério de Micologia, Av.
Brasil, 4365, 21040-900 Rio de Janeiro, RJ, Brazil

“Instituto Oswaldo Cruz, Fundagao Oswaldo Cruz, Laboratorio
de Biologia Molecular Aplicada a Micobactérias, Av.
Brasil, 4365, 21040-900 Rio de Janeiro, R}, Brazil

An Acad Bras Cienc (2023) 95(Suppl. 3) €20230741 10 | 11


https://orcid.org/0000-0002-8736-6683
https://orcid.org/0000-0003-3533-4580
https://orcid.org/0000-0003-3275-2648

FERNANDA GOMES et al.

’Instituto Oswaldo Cruz, Fundacao Oswaldo
Cruz, Laboratorio de Biologia e Parasitologia de
Mamiferos Silvestres Reservatorios, Av. Brasil,
4365, 21040-900 Rio de Janeiro, RJ, Brazil

®Vice-Presidéncia de Producao e Inovacao
em Salde, Fundacao Oswaldo Cruz, Av. Brasil,
4365, 21040-900 Rio de Janeiro, R), Brazil

Correspondence to: Maria Ogrzewalska
E-mail: mogrzewalska@gmail.com

Authors contributions

Conception of the study: MO, MS, WD. Sample collection: LM, MM,
HM, RV, MO, MB. Methodology, data analysis and interpretation:
MO, MS, FG, TP, MB. The initial draft of the manuscript was written
by FG, TP, and MO. Contributed with manuscript revision: RV, MB,
MS, WD. All authors read and approved the final manuscript.

(c9)

An Acad Bras Cienc (2023) 95(Suppl. 3) €20230741

INFLUENZA VIRUS AND CORONAVIRUS IN ANTARCTICA

11


mailto:mogrzewalska@gmail.com

