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Abstract

The coronavirus disease 2019 (COVID-19) pandemic, caused by the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), has spread rapidly to most parts of the world, causing
high numbers of deaths and significant social and economicimpacts. SARS-CoV-2isanovel
coronavirus with a suggested zoonoticorigin and with the potential for cross-species
transmission amonganimals. Antarctica can be considered the only continent free of SARS-
CoV-2although at the end of the 2019-2020 touristseason, atleast one SARS-CoV-2 positive
tourist visited the Antarctic Peninsula. Therefore, concerns have been expressed regarding the
potential humanintroduction of this virus to the continentthrough the activities of research or
tourism with potential effects including those related to human health, but also the potential
for virus transmission to Antarctic wildlife. This reverse-zoonotic transmission risk to Antarctic
wildlife is assessed considering the available information on host susceptibility, dynamics of
the infectionin humans, and contactinteractions between humans and Antarcticwildlife.
Measuresto reduce the risk are proposed as well as the identification of knowledge gaps

related tothisissue.

Keywords: Antarctica, coronavirus, COVID-19, mitigation measures, reverse zoonoses, risk

assessment, SARS-CoV-2, wildlife

Introduction

The coronavirus disease 2019 (COVID-19) pandemic, caused by the severe acute respiratory

syndrome coronavirus 2 (SARS-CoV-2) emerged inthe Hubei Province of Chinain late 2019.
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Thisvirus has spread rapidly to most parts of the world, having caused over 600,000 confirmed
deaths as of late July 2020, posing grave concerns to all aspects of human life, with significant
social and economicimpacts (World Health Organization 2020). SARS-CoV-2is a novel
coronavirus closely related to coronaviruses found in bats and pangolins (Lu et al. 2020; Zhang
et al. 2020), suggestingazoonoticorigin (Andersen etal. 2020). Coronaviruses have along
history of cross-species transmission, whereby all members of the seven identified
coronaviruses thatinfect humans are suspected to have zoonoticorigins (Corman 2018). In
addition to coronavirus spread from animals to humans, there are numerous records of cross-
species transmission of coronaviruses among non-human animals (Hemida et al. 2017; Zhou et
al. 2018). In humans, transmission of SARS-CoV-2is thoughtto occur predominantly viadirect
contact with airborne droplets projected when coughing, sneezing or talking, as well as
indirectly through aerosols or contact with fomites (Allen and Marr 2020; Cai et al. 2020; Liu et
al. 2020; Ong et al. 2020). Additionally, concerns have arisenthathumans canact as a
transmission source to wild ordomesticanimal species (reverse zoonosis) and non-human

hosts could serve as a source of infection forhumans (zoonosis) (Franklin and Bevins 2020).

Priorto mid-March 2020, Antarctica was the only continent presumed to be free of SARS-CoV-
2. However, atthe end of the 2019-2020 tourist season, atleast one SARS-CoV-2 positive
touristvisited several sites along the AntarcticPeninsula (Ingetal. 2020). This highly mobile
event highlights the concerns regarding the potential human introduction of this virus to the
continentthrough research activities or tourism (COMNAP 2020). The potential effects of
SARS-CoV-2in Antarcticainclude those related primarilyto human health and the risks of
potential transmission of the virus to Antarcticwildlife. In this paper, we assess the potential
risk of SARS-CoV-2reverse-zoonotic transmission (i.e. from humansto otheranimals) to
Antarcticvertebrates. We considered information available on host susceptibility and infection
dynamicsin humans, and risks of the possible contactinteractions between humansand
Antarcticwildlife asthese elements are necessary (Plowright et al. 2017) for the emergence of
SARS-CoV-2inthe Antarcticecosystem. We identify important knowledge gaps and,
recommend thatthe precautionary principle be applied to limit the transmission of SARS-CoV-

2 to Antarcticfaunaand propose measures to reduce such risk.

SARS-CoV-2host range and evidence of cross-species transmission

Coronaviruses are enveloped single-stranded RNA viruses. The family Coronaviridae is

composed of two subfamilies, Letovirinae with one genus (Alphaletovirus)and
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Orthocoronavirinae with four genera (Alphacoronavirus, Betacoronavirus, Gammacoronavirus
and Deltacoronavirus). Alphacoronaviruses and betacoronaviuses are commonin mammals,
including humans, domesticanimals and bats (Chan et al. 2013). These viruses cause arange of
diseasesincludingupperandlowerrespiratory tract disease, gastroenteritis,and central
nervous system infections. Zoonotic transmission, or spill-over from awild ordomesticanimal
hostto humans, isa frequent occurrence including SARS-CoV-1from bats and palm civets (Li et
al. 2005), MERS-CoV from camels (with an ultimate originin bats) (Lau etal. 2013) and HCoV-
0C43, whichis believed to have its originin cattle (Vijgen et al. 2005). Birds are the main
reservoirs forgammacoronaviruses and deltacoronaviruses, with most of these viruses causing
no disease intheir wild bird hosts. Avian coronavirus, a Gammacoronavirus, was the first
described coronavirus (ca. 1931) and the infections it causesin poultry have alarge
socioeconomicimpact. Gammacoronaviruses and deltacoronaviruses have mammalian hosts
with Belugawhale coronavirus SW1(Gammacoronavirus) infecting cetaceans
(Mihindukulasuriya etal. 2008) and Coronavirus HKU15 (Deltacoronavirus)infecting swine and
mammalsin wet markets (Woo et al. 2012). There are no known avian hosts for

alphacoronaviruses or betacoronaviruses.

SARS-CoV-2isabetacoronavirus closely related to coronaviruses foundin bats and pangolins
(Lu etal. 2020; Zhanget al. 2020), and it appearsto have a wide vertebrate hostrange. The
virus has been detected in companion animals such as cats and dogs living with infected
owners (American Veterinary Medical Association 2020) and has caused large outbreaks with
lethal disease in farmed minks (Oreshkova et al. 2020). Experimental studies have shown that
the virus can infect and replicate efficiently in cats, captive ferrets and hamsters, with
transmission to conspecifics (Kim et al. 2020; Shietal. 2020; Chan et al. 2020). In contrast, the
virus replicates poorly in dogs, and experimental infection attemptsin pigs, chickens and ducks

have been unsuccessful, suggesting that these species may not be susceptible (Shi etal. 2020).

Host receptor bindingto the angiotensin-convertingenzyme 2 (ACE2) cell surface receptorisa
critical determinant of the host range of some coronaviruses. Inthese viruses the receptor
bindingis mediated by the spike protein whichis aglycoprotein expressed on theirsurface.
Host susceptibility to the virus based on in silico simulations of the binding affinity of the viral
spike proteinto ACE2 receptors suggests that mammalsincluding primates, cattle, hamsters,
cetaceans, cats, dogs, bats, pigs, ferrets, civets and pangolins could present high susceptibility
to SARS-CoV-2 (Damasetal. 2020; Luan etal. 2020; Piplanietal. 2020). In contrast, the in silico

analysis of ACE2 receptors of a range of fish, amphibian, reptile and bird species predicted a
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very low risk for SARS-CoV-2infection (Damas et al. 2020). Interestingly, in silico analysis also
predictedavery low risk for SARS-CoV-2infection of several bat and pangolin species, and
contradictory results have beenreported (Qiu etal. 2020), highlighting the limitations of in
silico predictions. Additional factors that can contribute to the host range of coronaviruses,
such as interactions between host proteases and the virus spike protein, remain poorly studied
innon-model species (Milletand Whittaker 2015). These additional factors could potentially
explain the discrepancy between in silico analyses and experimental infection results. Overall,
the host range of SARS-CoV-2isyetto be determined, butthe risk of infection of wild species,

in particular mammals, appears to be potentially significant.

Risk assessment of emergence of SARS-CoV-2in Antarctic fauna

Human-to-human transmission and risk of introduction

As of July 2020, no SARS-CoV-2infection has beenreported atany Antarctic research station.
Consideringthatapproximately 5,000 research and support personnel and agrowing number
of tourists from around the world (close to 55,000 tourists onlandin 2018/2019; iaato.org
2020) visit Antarcticaannually (Hughes et al. 2019), the risk of humans introducing SARS-CoV-2
to Antarcticais non-negligible. The transmission of SARS-CoV-2 occurs primarily though
respiratory droplets projected when coughing, sneezing or talking, by means of aerosols or
through fomites (Allen and Marr 2020; Cai et al. 2020; Liu etal. 2020; Onget al. 2020).
Epidemiological datasuggestthatindoor conditions are particularly favourable to transmission
(Qianetal. 2020). Scientificand tourism activities in the Antarcticofteninvolve close indoor
confinement (vessels and research stations) for extended periods of time. Therefore, upon
introduction, the risk of human-to-human transmission of the virus could be high underthese
circumstances, asillustrated by high transmission on cruise shipsinthe early phase of the

pandemic (Xuetal. 2020).

Detection of SARS-CoV-2isthe first crucial step for effective infection control, however, its
relatively longincubation period, up to two weeks (Lauer etal. 2020), and variabilityin
symptoms are major obstacles for mitigating viral transmission (Li et al. 2020). Viral shedding
by humansinfected with SARS-CoV-2starts priorto the appearance of clinical symptoms and is
estimated to occur for several weeks afterinfection (Liu etal. 2020; Lu et al. 2020). Viral RNA
has been detectedinrespiratory samples for more thanthree weeks afterthe onset of

symptoms (He etal. 2020) and forsix weeksinfaecal samples (Wuetal.2020). However, itis
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unclear whetherthese persistent viral particles are infectious orremnant. Considering these
infection dynamics and the frequent movements of tourists, scientists and support staff within

Antarctica, the spread of the virus to different sitesis a plausible scenario.

Virus stability and infectivity in the Antarctic environment

SARS-CoV-2isrelatively stable in aerosols, with aerosolized particles remaining potentially
viable forseveral hours (van Doremalen et al. 2020). Moreover, SARS-CoV-2 can also remain
viable on a variety of materials, with viable virus being detectable for up to 72 hours post-
exposure on plastics and steel surfaces in classical indoor conditions (van Doremalen et al.
2020; Matson et al. 2020). Temperature and humidity are crucial for the viability, infectivity
and transmission of enveloped viruses (Yang and Marr 2012). SARS-CoV-2stabilityisincreased
in cold conditions (Chin et al. 2020; Matson etal. 2020) and experiments conducted on other
coronaviruses have demonstrated the higher stability of coronaviruses at extreme (low or
high) levels of humidity(ljazetal. 1985; Casanova et al. 2010). The potential effect of climatic
conditions on transmission dynamics from predictions based on modelling of SARS-CoV-2
epidemiological dataand endemic human coronavirus data suggest that climaticconditions
could play an even more important role during the post-epidemic phase (Baker et al. 2020).
Together, these results suggest that the Antarcticcontinent could provide suitable

environmental conditions for the presence and transmission of the virus.

Areas where research activities and tourist operations are concentrated, such as the South
Shetland Islands, northern Antarctic Peninsulaand Victoria Land (Convey and Peck 2019), likely
presentthe highestrisk forviral introduction and transmission. While environmental
conditions could have alimited impact on human-to-human transmissionin the current
pandemicphase (Bakeretal. 2020), the unique climaticconditionsin Antarctica could increase
transmissionrisk, notably from humansto animals as most contacts occur outdoors. Cold
conditions can potentially facilitate fomite transmission, especially via scientificequipment
used by several people orin contact with both humans and otheranimals. However, aerosol

transmission would be less likely outdoors due to the common occurrence of strong winds.

Transmission to Antarctic wildlife

Contact between humans and wildlifein Antarctica occurs during research activities or tourist

visitation and, to a lesser extent, during unexpected encounters associated with operational
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and logistical activities orfishing (Fig. 1). As wildlife research ofteninvolves handling animals to
collectbiological samples (e.g. blood or swabs), attaching devices (e.g. satellite transmitters or
behavioural loggers) orrecording biometry data (e.g. body weight), there are various
opportunities for Antarcticwildlife species to be exposed to respiratory droplets or other
secretions from SARS-CoV-2infected people. Resolution 3on General Guidelines for Visitors to
the Antarctic at the XXXIV ATCM (Antarctic Treaty Consultative Meeting) recommends a
minimum distance of 5metres from animals; however, there are occasions when animals
approach humans spontaneously. In some otherinstances, unintentional interaction with
wildlife is possible while conducting other activities; species that purposely approach humans
while defendingterritories (e.g. skuas protecting their chicks) orin an attempt to scavenge or
steal food (e.g. skuas and sheathbills on land, albatrosses at sea) could be at a greaterrisk of
exposure. Therefore, wildlife researchers, research support staff and tourists present potential

sources of infection for Antarcticwildlife.

Reverse zoonotictransmission of SARS-CoV-2 could also potentially occurviaindirect contact,
notably viafaecal transmission (Franklin and Bevins 2020). This transmission route has already
beensuggested forotherinfectious agents such as entericbacteriainfecting Antarctic
scavengers (Cerda-Cuéllaretal.2019). Detection of high levels of SARS-CoV-2RNAin
wastewaterin urban areas suggests high faecal shedding by infected individuals (Ahmed et al.
2020), and viable viral particles have previously been isolated from faecal samples (Xiao et al.
2020), although these studies were unableto detectinfectious viral particles in faeces. While
faecal-oral and faecal-respiratory transmission played acritical role in SARS-CoV-1
epidemiology (McKinney et al. 2006), the role played by these routes of transmission for SARS-
CoV-2remains unclear(Yeo etal. 2020). Faecal transmission of SARS-CoV-2in many countries
is probably partially limited by stringent wastewater treatment protocols. However, this may
not be the case for wastewatertreatment facilities on Antarcticstations. Under the
Environmental Protocol to the Antarctic Treaty (the Madrid Protocol, 1991) Annex lll, the
provisions for wastewater management are very general (Smith and Riddle 2009). Thus a
variety of wastewatertreatmentsare in use, ranging from a lack of any form of treatment
facility at stations with an average of fewerthan 30 persons duringthe summer (37% of the
permanentstations and 69% of the summer stations; Grondahl etal. 2009) to advanced
treatment systems generating final effluent quality that far exceeds secondary treatment
standards (Law et al. 2006). Consequences of such differential treatment of wastewateris
reflected by the introduction of entericbacteriaand antimicrobial resistant bacteriato the

environment adjacent to research stations (Hernandez and Gonzalez-Acufia 2016).
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Wildlife migration presents another potential route of transmission of SARS-CoV-2 with risks of
migratory species encounteringthe virusin regions on theirmigration paths. Thisincludes
speciesthat(a) breedinthe Antarcticregion and visit the coast or the coastal waters of South
America, Africa, Australia or New Zealand and/orinhabited Subantarcticislands such as
Antarcticterns (Sterna vittata; Tree and Klages 2004), giant petrels (Macronectes spp.; de
SouzaPertersenetal. 2017), southern elephantseals (Miroungaleonina; Hindell et al. 2016)
and humpback whales (Megaptera novaeangliae; Zerbini et al. 2006), (b) breed in Antarctica
and overwinterinthe northern hemisphere, such as South Polar skuas (Stercorarius
maccormicki; Weimerskirch etal. 2015), or (c) breedin otherregionsand overwinterin

Antarctica, such as Arcticterns (Sterna paradisaea; Fijn etal. 2013).

An additional potential risk for transmission is the chain of human-to-animal-to-animal, where
a susceptible species that acquires the virus from humans could then serve as a source of
infection for otherspecies of Antarcticfauna. Through this transmission chain species that
would not normally interact with humans, such as cetaceans, could be indirectly exposed to
thevirusviaa species such as pinnipeds that could have occasional interaction with infected
researchers or tourists. However, this last route of transmission seems highly implausible, as it

would require atleast two successive cross-species transmission events.

Coronaviruses of birds and marine mammals

Birds are the main host forgammacoronaviruses and deltacoronaviruses, with fiveand seven
described species, respectively (Fig. 2). There are no known alphacoronaviruses or
betacoronaviruses for which birds are the confirmed hosts. In the gammacoronaviruses, the
species Avian coronavirus, which comprises infectious bronchitis virus, Turkey coronavirus and
Canada Goose coronavirus, are the only viral species associated with disease (Papineau et al.
2019). There are no reports of disease outcomes in wild birds caused by Duck coronavirus
2714, whichisthe species of gammacoronavirus most commonly detected in wild birds (e.g.
Muradrasoli etal. 2010). There are no reports of disease associated with infections by
deltacoronanvirusesin avian species, with the exception of adisease event caused by Quail
coronavirus (Domanska-Blicharz etal. 2019), a member of the Coronavirus HKU15 species.
Interestingly, a putative species of deltacoronavirus has been detected in healthy Antarctic
penguins (Wille etal. 2020). This viral species does not cause disease, has abroad geographic

distribution and has been detected in awide range of avian hosts, including falcons, bustards,

8
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pigeons, gulls and shorebirds (Willeet al. 2020).

In marine mammals, two related gammacoronaviruses have been found in cetaceans: Beluga
whale coronavirus and the closely related Bottlenose dolphin coronavirus (Schitze 2016).
Despite being gammacoronaviruses, these cetacean viruses differ from the
gammacoronavirusesfoundinbirds and are groupedin a different subgenus, consequently it
seems unlikely to representarecent cross-species transmission event. Also, itis unclear
whetherthese cetaceanviruses cause disease in their hosts. Onthe otherhand, the record of
an alphacoronavirusin harbourseals (Phoca vitulina) could be considered more concerning
because it suggests that seals might be susceptible to mammalian coronaviruses. The Harbor
seal coronavirusfallsin aclade comprising Ferret coronavirus, Feline coronavirus, Canine
coronavirus and Transmissible gastroenteritis virus (Nollens 2010). Whetherthisisthe
detection of avirus species specificto seals, orthe detection of cross-species spill-over,

remainstobe determined.

Virus presence in Antarctic wildlife

Information about the presence of virusesin Antarcticwildlife is scarce and fragmented
(Barbosaand Palacios 2009; Barbosa etal. 2015; Grimaldietal. 2015; Grimaldietal. 2018;
Smeele etal. 2018). A major constraint contributingto this dearth of knowledge is that many
of the early studies were limited to investigating only known viruses, most of which were
associated with humans ordomesticanimals. However, the development of novel diagnostic
tools has allowed the discovery of several new viruses in Antarcticwildlife overthe last decade
(TablesS1andS2; Figure 2). Despite coronaviruses being known to circulate in wildlife
populations there has been no dedicated investigation of coronaviruses in Antarctic fauna. This
islimiting because without dedicated studiesitis not possible to determine which viral species
circulate; which animals are potential reservoirs; what is the prevalence or burden of these
virusesinanimal hosts;and whatis the geneticdiversity of these viral species. This baseline
informationis essentialtoimprove our understanding of the consequences of the potential
introduction of SARS-CoV-2to Antarcticaand to assess the risk of recombination between local
coronaviruses and SARS-CoV-2 (Su et al. 2016). In this context, new research toinvestigatethe

presence of coronavirusin Antarcticwildlife is urgentlyneeded.

Susceptibility of Antarctic wildlife to infection by SARS-CoV-2
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The lack of information about susceptibility to SARS-CoV-2is a key knowledge gap fora risk
assessment of the potentialimpacts of this virus for Antarcticwildlife. Inthe absence of this
information, the in silico modelling results from Damas et al. (2020) combined with the current
understanding of coronavirus host range can provide some early insight. Based ona
comparative and structural analysis of the ACE2 receptor of 72 avian species, the Adélie
penguin (Pygoscelis adeliae) and the emperor penguin (Aptenodytes forsteri) which inhabit
Antarcticregions, showed “very low” binding affinity of the ACE2 receptorto the SARS-CoV-2
spike protein, as did all other studied bird species (Damas et al. 2020). This suggests that other
Antarcticbirds are likely to have low susceptibility to SARS-CoV-2 infection, which is further
supported by the absence of infectionin chickens and ducks experimentally inoculated with
SARS-CoV-2(Shietal. 2020). Specifically, viral RNA was not detected in any swabs collected
from these virus-inoculated animals or from naive contact animals, and all animals were
seronegativefor SARS-CoV-2when tested by ELISA at 14 days post-infection (Shi et al. 2020).
Thisis perhaps notsurprising given that birds are notreservoirs for betacoronaviruses. Based
on thisindirectinformation, transmission of SARS-CoV-2to Antarctic birds seems unlikely.

Nevertheless, further research on Antarcticbirdsis warranted to confirm this.

While none of the six pinniped species in the modelling study by Damas et al. (2020) occurin
the Antarctic region, the pinnipeds evaluated had “very low” ACE2 binding affinity, suggesting
that Antarcticpinnipeds could also have low susceptibility to SARS-CoV-2infection. In contrast,
12 of the 14 cetacean speciesinthatstudy received a “high” score for the binding affinity of
their ACE2 receptor, including the Antarcticminke whale (Balaenoptera bonaerensis) and killer
whale (Orcinus orca) (Damas et al. 2020). A third cetacean species occurringin Antarctic
waters, the sperm whale (Physeter macrocephalus), showed “medium” ACE2 binding affinity
(Damas et al. 2020). Based on these findings, cetaceans appearto have the highest risk of
SARS-CoV-2infection amongst Antarcticwildlife. However, the results from Damas et al.

(2020) should be interpreted with caution, because some vertebrate species such as bats,
which are known hosts of coronaviruses closely related to SARS-CoV-2, or ferrets, which have
demonstrated susceptibility to experimental infection, also scored in the “low” or “very low”
categories. This suggests that ACE2 receptor binding affinity might not be the only factor
determining species susceptibilityto SARS-CoV-2 and that alternative receptors could also be
involved (Damas etal. 2020; Sigristetal. 2020). It istherefore clearthatfurtherstudiesare
necessary to evaluate the susceptibility of Antarctic mammals to coronaviruses, including

SARS-CoV-2.

10
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Knowledge of SARS-CoV-2 pathogenicity in non-human animalsin generalis limited. However,
symptomaticinfections, eventually resultingin death, have been recorded in experimentally
infected cats, and in farmed mink in contact with infected humans (Oreshkova et al. 2020; Shi
et al. 2020). For these reasons, the risk posed by SARS-CoV-2infection to Antarctic wildlife

health cannot be disregarded.

Risk assessment conclusions and perspectives

Globally wild animal and human interactions are increasing as natural areas are increasingly
disrupted by anthropogenicactivities (Johnson etal. 2020 and references therein). Increased
interactions between wild animals and humans greatly facilitates the potential of pathogen
spill-over and the emergence of zoonotic pathogens. Recognising this increased risk of cross-
species transmission, there is a clearimperative for careful monitoring of human activitiesin
Antarcticaand for implementing mitigation measures. This can be achieved by the
development and implementation of aset of clear and standardised biosecurity protocols to
minimise potential pathogen transfer. These could include: quarantine periods forvisitors to
Antarctica, increased screening to identify pathogens, increased serological screening to detect
the presence of antibodies against high risk pathogen families, and managing human

movements to and within Antarctica.

With respectto the current pandemic of SARS-CoV-2and based onthe available knowledge,
we can conclude that the environmental conditions in Antarctica are likely favourable forvirus
stability and thusinfectivity. Transmission among humans could occur locally at research
stations, onboard research vessels or tourist cruise ships as has already been documented (Ing
et al. 2020; Xu etal. 2020), and at broadergeographical scales depending onthe movements
of tourists and scientific research endeavours between different locations. Field researchers
handlinganimals should be considered as posing the highest risk of transmissionto animals
due to direct and close contact with wildlife, whiletourists and other personnel posea
significantrisk onlyifin close proximity (<5m) to Antarcticfauna. Although Antarcticwildlife
appearsto be at low risk of infection when the predictions based on the structure of the virus
receptors foundinthese animals is considered, these findings should be interpreted with
caution until further data on transmissionrisk to Antarcticspecies can be obtained. Therefore,
the precautionary principleshould be applied, and measures should be takento reduce the
risk of introduction and transmission of the virus to Antarcticwildlife. In addition, it has been

suggested that SARS-CoV-2 could become endemicto human populations (Kissler et al. 2020),

11
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implyingthat the risk of introduction of the virus to Antarcticecosystems and its potential
impact on the local fauna, could remain well afterthe epidemic phase. In the future, based on

available knowledge and vaccine availability, mitigation measures would have to be revised.

Proposed mitigation measures

Based on the current knowledge on SARS-CoV-2, we propose a set of guidelines and additional
measures to reduce the risk of SARS-CoV-2and otherinfectious pathogens beingintroduced to
Antarcticfauna. Considering the precautionary principleand this risk assessment, the following
guidelines are recommended in addition to the biosecurity measures and regulations aimed at

limitinganimal disturbance alreadyin place:

Antarctic research facilities staff (crew, scientific and technical personnel)

1. Itisrecommendedthatallindividuals participatingin research facilities (crew,
scientificand technical personnel)be tested foractive virus infection by RT-qPCR or
any validated rapid SARS-CoV-2test priorto departure for Antarctica (ata minimum)
in parallel to quarantine procedures fortwo weeks (preferable).

2. Asageneral measure, any individual demonstrating any disease symptoms and
specifically those compatible with COVID-19should self-isolate, be tested for SARS-
CoV-2presence if possible, and not be permitted close contact with wildlife or
humans.

3. Individualsinthe same station, field camp orvessel with arisk of local infection
transmission due to close contact with a person showing symptoms compatible with
COVID-19should be excluded from close contact with wildlife.

4. Dueto the possibility of SARS-CoV-2 positive, asymptomaticindividuals, extreme
caution should be taken when handling animals to avoid the risk of transmission.
Appropriate face masks (PFF-2is recommended) must be worn wheneverin close
contact with animals. Additionally, eye protection, gloves (latex, nitrile or rubber) and
specificclothing (i.e. overalls) should be used whenever possible (considering the use
of cold weather clothing). Hand washing with soap or hydroalcoholic gel solutionis
highly recommended before and after animal handling. No animals should be handled
inenclosed spaces.

5. To avoid transmission through fomites, outer clothing should be disinfected using soap
and warm water every day priorto and after work with animals andin between

colonies (if researchers visit more than one colony perday).
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6. Fieldequipmentdisinfection proceduresshould be carried out priortoand after
animal handling, especially when workingin differentareas or colonies. Wherever
possible, itisrecommended that field/sampling equipment not be shared between
locations if appropriate disinfection cannot be achieved. The use of 70% ethanol,
vaporized hydrogen peroxide, dry heat or UV lamps isrecommended.

7. To minimise animal exposure to equipment/potential fomite transmission, field
equipmentshould not be left unattended and should be kept far from wildlife when
notinuse.

8. Scientificequipmentdeployedinthe field should be disinfected before deployment
and afterhandling.

9. Individuals should adhere to strict recommendations for personal hygiene atall times
(frequenthand washing forthe appropriate timeand regular disinfection).

10. Limit, except where considered essential for scientificand logistical purposes,
movement of individuals between stations, field camps or research vessels, and

restrict contact between touristsand all personnelat stations orresearch vessels.

For additional information for national program operators, see SARS-CoV-2/COVID-19
recommendations (non-mandatory) in the context of Antarctic Operations;
https://www.comnap.aq/document/comnap-covid-19-working-paper-version-7-
19march2020/

Tourists (including researchers/staff accompanying tourists)

1. Iltisrecommendedthatallindividuals participatingin atourist expedition be tested for
active virusinfection by RT-gPCR orany validated rapid SARS-CoV-2test at least prior
to departure for Antarcticaand maintain quarantine procedures fortwo weeks.

2. Tourists showing symptoms compatible with COVID-19 disease must self-isolate, be
tested for SARS-CoV-2 presence if possible and be excluded from close contact with
wildlife orhumans.

3. Touristsinthe same vessel withrisk of infection due tothe presence of aninfected
person (close contacts), should not be permitted to go anywhere near wildlife.

4. Touristsand guides should always keep a minimum distance of 5meters from wildlife,
inaddition to strict adherence to IAATO guidelines given a greater distance may be
required for differentanimal species and age cohorts. If an animal spontaneously
approachesan individual or group, tourists and guides should retreat to ensure this

minimum distance is rigorously adhered to.
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5. To minimiseanimal exposure to equipment/potential fomitetransmission, field
equipmentshould not be left unattended and should be kept farfrom wildlife.

6. Alltourists and staff should refrain fromsitting on orlying on bare ground or rocks or
leaving any equipment on bare ground or rocks close to animal activity (within 10
meters of nests, haul out sites or pathways).

7. Touristsand guidestoadhere to strict recommendations for personal hygiene atall

times (frequent hand washing for the appropriate time and regular disinfection).

There guidelines are proposed based on the knowledge summarized above and mitigation

measure protocols available in the literature (Chin et al. 2020, Fischeretal. 2020).

Additionalmeasures
1. Surveillance of the presence of SARS-CoV-2in wastewater from cruise ships, research
stations and research vesselsisrecommended.
2. Asareminder, human waste from camps orfield parties isto be removed fromthe

fieldand returned toresearch stations orvessels for wastewater management.
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Figure Legends

Figure 1. Potential transmission of SARS-CoV-2in Antarctica. The virus can be transmitted from
human-to-human particularly in high proximity settings (e.g. on vessels orin research stations).
Large scale movements of tourists (light gray circle) or staff (dark gray circle) being transferred
between stations could contribute to the spread of the virus on the continent after
introduction. The virus can also be transmitted from human-to-animals via direct contact
(especially with biologists workingin close contact with animals, represented with binoculars)
and via contact with contaminated equipment or clothing, and potentially via contact with
contaminated wastewater. Terrestrial predators and scavengers could play arole of vehicle
transmission (i.e. moving the virus without getting infected themselves) due to theirclose
proximity to human installations and frequent contacts with otheranimals when foraging. The
likeliness of transmission from one hostto anotherwasinformed using current knowledge on

host susceptibility and permissively. Figure by J.I. Diaz.

Figure 2. . Viral speciesrelevanttothisrisk assessment. (A) Coronaviruses detected in marine
mammals and seabirds, globally. Silhouettes generated by M. Wille (B) Viral species detected
in Antarctic birds and mammals. We have not included viral species detected by serology. Only
viral species detected in Antarctica have beenincluded; we have excluded viral species
recorded on sub-antarcticislands such as South Georgialsland and Macquarie Island. Afilled
circlereferstoa virus. Hosts are indicated by an image and connected by lines to the viruses
fromwhich they have been detected. Ratified viral species are presentedinitalics, putative
viral species are presentedin regulartext. Viruses transmitted by ticks are indicated by a tick
silhouette. Picobirnaviridae, indicated by an asterisk have previously been associated with
vertebrate hosts. Otherthan Taggert Virus, in which viral reads were found in Chinstrap
Penguins, the Antarctic hosts of tick viruses are not confirmed. Gadgets Gully virus has been
detectedinticksin Antarcticaand King Penguinsin Macquarie Island. Ronne Virus and Piguzov
virus, members of the Phenuvidiae are indicated with a# and theiravian hosts have not been
confirmed despite being detected in ticks adjacent to penguin coloniesintwoindependent

studies. Allimages were taken by M. Wille.
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Figure 2

A. Coronaviruses in marine mammals and seabirds
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