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Abstract
Emerging infectious diseases pose threats to wildlife, particularly in geographically iso-
lated populations where hosts may lack prior exposure and immunity. Seabirds inhabiting
remote islands in the southwest Atlantic and Southern Ocean, including threatened alba-
trosses and petrels, are increasingly affected by infectious pathogens. However, baseline data
on vector-borne infections in these species remain scarce. This study assessed the presence
of vector-borne haemosporidian parasites (Plasmodium, Haemoproteus and Leucocytozoon)
and bacterial pathogens (Borrelia burgdorferi sensu lato, Anaplasma and Ehrlichia) in alba-
trosses and petrels, providing insights into disease prevalence and potential threats to these
populations. We analysed blood and tissue samples from 269 individuals of 5 albatross and 12
petrel species, collected over an 11-year period (2013–2023) from South Georgia and multi-
ple sites along the Brazilian coastline. Molecular assays, including nested Polymerase Chain
Reaction (PCR), were used for pathogen screening. Blood smears from birds sampled in South
Georgia were also examined for haemoparasites via light microscopy. We found no molecu-
lar or microscopy evidence of infection with haemosporidian parasites, Borrelia, Anaplasma
or Ehrlichia in any of the samples. These findings suggest that vector-borne pathogens are
either absent or at low prevalence, possibly because of limited vector presence, natural resis-
tance or historical isolation from infection. Continuous monitoring is critical given current
environmental changes and risks of pathogen introduction via climate-driven shifts in vector
distribution. Our study establishes an essential baseline for future disease surveillance, pre-
vention and mitigation in albatrosses and petrels, underscoring the importance of long-term
monitoring to detect emerging pathogens in vulnerable seabird populations.

Introduction

Emerging infectious diseases can have devastating impacts on hosts, sometimes with conse-
quences for entire ecosystems (Machalaba et al., 2020; Nicholson et al., 2020; Ferreyra et al.,
2022; Jain, 2023). For example, the pandemic of high pathogenicity avian influenza (HPAI
H5Nx) resulted in the death of over half a billion wild birds and poultry worldwide within just
a few years of emergence in the early 2020s (Gamarra-Toledo et al., 2023; Roberts et al., 2023;
Puryear and Runstadler, 2024). Diseases can be particularly severe in areas where hosts are
shielded geographically from pathogen exposure, particularly those on remote islands (Wyatt
et al., 2008; Atkinson and LaPointe, 2009; Vanstreels et al., 2023). Such threats to isolated
populations are often exacerbated by anthropogenic effects, such as global connectivity and cli-
mate change, in part through effects on pathogen and vector survival, distribution and spread
(Steig et al., 2009; Lynton-Jenkins et al., 2021). Monitoring the health and infection status of
vulnerable species inhabiting remote locations can therefore be critical for their conservation.
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The islands of the southwest Atlantic and Southern Ocean are
home to a rich diversity of bird species, including many endemics
or globally important breeding populations (Poncet et al., 2020;
Favero et al., 2024; Poncet et al., 2017). This includes highly threat-
ened albatrosses and petrels, many of which are declining because
of incidental mortality (bycatch) in fisheries, predation by inva-
sive species, climate change, or degradation/loss of nesting habitat
(Dias et al., 2019; Phillips et al., 2023; Baker et al., 2024). Until
recently, there have been few documented cases of mass mortal-
ity on islands where albatrosses and petrels breed, but it is unclear
whether this is because these populations are largely shielded from
infection (Vanstreels et al., 2023), or because of a lack of attention
to their health and disease status (Uhart et al., 2018). Avian cholera
(Pasteurellamultocida) is, however, thought to have causedmortal-
ity in albatrosses and petrels in the 1980s, with more recent infec-
tions in asymptomatic individuals raising questions around the
reservoir potential of these species (Gamble et al., 2019). Overall,
outbreaks of infectious diseases in albatrosses and petrels appear
to be on the rise, e.g. avian cholera and Erysipelothrix rhusiopathiae
cause yearly recurrent die-offs of the Indian yellow-nosed albatross
(Thalassarche carteri) on Amsterdam Island (Jaeger et al., 2020). In
2024, an outbreak of HPAI H5N1 on South Georgia caused mor-
tality in multiple taxa, including wandering albatrosses (Diomedea
exulans), which are listed as Vulnerable by the International Union
for theConservation ofNature, as well as brown skuas (Stercorarius
antarcticus), gentoo penguins (Pygoscelis papua) and Antarctic fur
seals (Arctocephalus gazella) (Bennison et al., 2024). Given increas-
ing likelihood of disease outbreaks at breeding sites (Banyard
et al., 2024), the establishment of continuous monitoring pro-
grammes of albatross and petrel health is integral to the rapid
detection of emerging diseases and effective predictions of dis-
ease spread based on prior infection history (Vanstreels et al.,
2023).

Infectious pathogens at risk of emergence in seabirds breed-
ing on remote islands include vector-borne haemosporidian para-
sites in the genera Plasmodium, Haemoproteus and Leucocytozoon
(Quillfeldt et al., 2011; Parsons et al., 2017; Vanstreels et al., 2018;
Muñoz-Leal et al., 2019), which cause avianmalaria ormalaria-like
diseases (Valkiunas, 2005; Palinauskas et al., 2008; Bensch et al.,
2009; Pacheco and Escalante, 2023). Infections with these parasites
have been associated with increased mortality, population declines
and even extinctions (Warner, 1968; Hill et al., 2010). Sublethal
effects include reductions in body condition, sexual ornamenta-
tion or reproductive success, as well as prolonged stopovers or
delayed migration (Martínez-Abraín et al., 2004; Marzal et al.,
2005, 2008; Barbosa and Palacios, 2009; Quillfeldt et al., 2011;
Hegemann et al., 2018). In seabirds, infection with Plasmodium
relictum, P. circumflexum and P. vaughani has been associated
with increased mortality in captive Humboldt and Magellanic
penguins (Spheniscus demersus and S. magellanicus), little pen-
guins (Eudyptula minor) and Atlantic puffins (Fratercula arctica)
(Sallaberry-Pincheira et al., 2015; Sijbranda et al., 2017; Meister
et al., 2021).

Other haemoparasites isolated recently from seabirds at risk
of emergence include the bacteria Borrelia (Dietrich et al., 2011;
Schramm et al., 2014; Parsons et al., 2017; Vanstreels et al., 2023),
Anaplasma and Ehrlichia (Anaplasmataceae) (Vanstreels et al.,
2018; Muñoz-Leal et al., 2019). These parasites are transmitted
through ticks such as Ixodes spp. and Argasidae spp., which are
common in many seabird colonies (Dietrich et al., 2011, 2014;
Vanstreels et al., 2018; Muñoz-Leal et al., 2019). Borrelia parasites
have been isolated from Ixodes uriae ticks collected in colonies

of razorbills (Alca torda), Atlantic puffins (F. arctica) and black-
browed albatrosses (Thalassarche melanophris) (Olsen et al., 1993,
1995; Gylfe et al., 1999; Munro et al., 2019). Such infections can
be pathogenic in seabirds (Yabsley et al., 2012; Parsons et al.,
2018; Vanstreels et al., 2019), as evidenced by a Borrelia-positive
African penguin (S. demersus) that presented antemortem neu-
rological signs and lesions similar to those reported in an owl
fatally infected with B. hermsii and a domestic fowl infected with
B. anserina (Dickie and Barrera, 1964; Thomas et al., 2002; Bunikis
et al., 2004; Yabsley et al., 2012). Anaplasma phagocytophilum has
been detected in blood samples from passerines, suggesting their
potential role in transmitting the bacterium to ticks; however, the
significance of wild birds in the infectious cycle of this parasite
remains unclear (Pedersen et al., 2020). Although only mammals
have so far been confirmed as competent hosts and reservoirs for
Ehrlichia bacteria (Rar and Golovljova, 2011), there is growing evi-
dence that the host range may extend to other vertebrates after the
detection in wild birds in Brazil of Ehrlichiae typically associated
with ungulates and carnivores (Machado et al., 2012).

The goal of this study was to survey vector-borne infectious dis-
eases in albatrosses and petrels sampled in the southwest Atlantic
and Southern Ocean, with the aim of detecting any novel infec-
tion, as well as establishing baselines for future surveillance. We
screened 5 species of albatrosses and 12 species of petrels for the
presence of haemosporidian parasites (Plasmodium,Haemoproteus
and Leucocytozoon), and the bacterial pathogens Anaplasma,
Ehrlichia and B. burgdorferi sensu lato (s.l.). Understanding host–
pathogen interactions in these species will be key to informing
conservation strategies of these threatened species and mitigating
potential disease threats in a rapidly changing environment.

Materials and methods

Sampling

The samples were obtained between 2013 and 2023 from 4 dif-
ferent sources: (i) breeding adults and chicks at colonies on Bird
Island, South Georgia (54°00′S, 38°03′W); (ii) seabirds bycaught
in Brazilian fisheries; (iii) birds found in a weakened state on
the Brazilian coast and taken to 2 rehabilitation centres; and (iv)
seabirds monitored in stranding networks in Brazil (Table 1).
Detailed fieldwork procedures, methods of sampling and locations
of seabirds surveyed are provided in Supplementary Table S1.

DNA extraction andmolecular analysis

A total of 96 DNA samples from the seabirds sampled in South
Georgia were extracted using a QIAamp DNA Micro Kit (Qiagen,
Hilden, Germany) following the manufacturer’s protocol. For all
other samples (Table 1), DNA was extracted using the phenol-
chloroform method (Sambrook et al., 1989), with the exception
of blood samples preserved in ethanol (Supplementary Table S1),
which were extracted using a slightly modified approach (Maia
et al., 2017). First, we tested for the presence of haemosporidi-
ans (Plasmodium, Haemoproteus and Leucocytozoon) in a subset
of samples (N = 96 blood samples from South Georgia and 30
liver samples), using a nested PCR targeting a 617-bp fragment
of the cytochrome b gene (Hellgreen et al., 2004) and including
DNA from Plasmodium gallinaceum strain A8 (MalAvi lineage
GALLUS01),Haemoproteusmajoris (MalAvi lineage PARUS1) and
Leucocytozoon (MalAvi lineage PARUS22) as positive controls.
Second, we tested for the presence of Borrelia burgdorferi sensu lato
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Table 1. Albatrosses and petrels screened for vector-borne parasites from 2013 to 2023 from the southern Brazilian Coast, Brazilian fisheries and from colonies in
Bird Island, South Georgia

Family Species Sampling location
No. of individuals

tested Haemoparasites investigated

Diomedeidae Wandering albatross
Diomedea exulans

Bird Island, South Georgia 50 Plasmodium, Haemoproteus,
Leucocytozoon, Borrelia
burgdorferi s.l.

Tristan albatross Rehabilitation centres and fisheries
bycaught birds, Brazil

1 Anaplasma, Ehrlichia
Diomedea dabbenena

Southern royal albatross Rehabilitation centres and fisheries
bycaught birds, Brazil

1 Anaplasma, Ehrlichia
Diomedea epomophora

Atlantic yellow-nosed albatross Rehabilitation centres and fisheries
bycaught birds, Brazil

15 Anaplasma, Ehrlichia
Thalassarche chlororhynchos

Black-browed albatross Rehabilitation centres, stranding network
and fisheries bycaught birds, Brazil

29 Plasmodium, Haemoproteus,
Anaplasma, EhrlichiaThalassarche melanophris

Procellariidae Great shearwater Rehabilitation centres and fisheries
bycaught birds, Brazil

6 Anaplasma, Ehrlichia
Ardenna gravis

Sooty shearwater Rehabilitation centres and fisheries
bycaught birds, Brazil

2 Anaplasma, Ehrlichia
Ardenna grisea

Cory’s shearwater Rehabilitation centres and fisheries
bycaught birds, Brazil

10 Anaplasma, Ehrlichia
Calonectris borealis

Cape petrel Rehabilitation centres and fisheries
bycaught birds, Brazil

3 Anaplasma, Ehrlichia
Daption capense

Southern fulmar Rehabilitation centres and fisheries
bycaught birds, Brazil

1 Anaplasma, Ehrlichia
Fulmarus glacialoides

Southern giant petrel Rehabilitation centres and fisheries
bycaught birds, Brazil

8 Anaplasma, Ehrlichia
Macronectes giganteus

Northern giant petrel Rehabilitation centres and fisheries
bycaught birds, Brazil; Bird Island,
South Georgia

33 Anaplasma, Ehrlichia
Plasmodium, Haemoproteus,
Leucocytozoon, Borrelia
burgdorferi s.l.

White-chinned petrel Rehabilitation centres and fisheries
bycaught birds, Brazil; Bird Island,
South Georgia

61 Anaplasma, Ehrlichia
Procellaria aequinoctialis Plasmodium, Haemoproteus,

Leucocytozoon, Borrelia
burgdorferi s.l.

Atlantic petrel Rehabilitation centres and fisheries
bycaught birds, Brazil

1 Anaplasma, Ehrlichia
Pterodroma incerta

Soft-plumaged petrel Rehabilitation centres and fisheries
bycaught birds, Brazil

1 Anaplasma, Ehrlichia
Pterodroma mollis

Manx shearwater Rehabilitation centres and fisheries
bycaught birds, Brazil

42 Anaplasma, Ehrlichia
Puffinus puffinus

Oceanitidae Wilson’s storm petrel Rehabilitation centres and fisheries
bycaught birds, Brazil

5 Anaplasma, Ehrlichia
Oceanites oceanicus

(s.l.) using a nested PCR, which targets the 5S–23S rRNA spacer
region of all Borreliae species and the same positive controls men-
tioned by Newman et al. (2015). Finally, we tested for the presence
of Ehrlichia and Anaplasma in 219 tissue samples using a PCR
protocol specifically designed to amplify a 345-bp fragment of the
16S rRNA gene (Parola et al., 2000); Anaplasma marginale DNA
was used as a positive control. In all assays, we included ultrapure
water as negative controls.

Light microscopy of blood smears

The 96 blood smears taken from the live seabirds at South Georgia
were analysed by light microscopy, following Merino et al. (1997)
and Quillfeldt et al. (2010). In brief, one half of the slide was
scanned at ×200 magnification to look for haemoparasites, and at
least 20 fields in the other half at ×400 to look for intracellular stages
of haematozoa. A minimum of 2000 to 10 000 erythrocytes were
also checked using the oil immersion objective (1000×).
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Results

None of the parasites of interest were detected in the 269 sam-
pled seabirds (Table 1). This included no evidence of infection
with either Plasmodium, Haemoproteus or Leucocytozoon parasites
in the 96 samples from live albatrosses and petrels obtained in
SouthGeorgia, nor of infection with Plasmodium orHaemoproteus
in the liver samples from wandering albatross chicks (18) or
black-browed albatrosses (12) found dead at South Georgia or in
southern Brazil. We found no evidence of infection with Borrelia
spp. (Table 1) in any of the 96 samples from live albatrosses and
petrels obtained in South Georgia, or with Anaplasmataceae par-
asites in any of the 219 tissue samples from seabirds found at the
Brazilian coast or obtained as bycatch. Microscopic observations
were consistent with molecular findings in that we did not detect
the presence of parasitized erythrocytes in any of the 96 blood
smears obtained from live wandering albatrosses, northern giant
petrels and white-chinned petrels at South Georgia.

Discussion

Molecular and microscopy methods were used to screen for the
presence of key blood parasites in a total of 269 birds from 5
species of albatrosses and 12 species of petrels sampled in the
southwest Atlantic and Southern Ocean over a period of 11 years
(2013–2023). None of the samples were found to be infected with
parasites of the generaPlasmodium, Leucocytozoon,Haemoproteus,
Borrelia, Anaplasma or Ehrlichia. Although detecting parasites in
blood smears through microscopy is challenging when infection
intensity is low (Valkiunas, 2005), the high sensitivity of molecu-
lar methods increases our confidence that none of the birds were
infected. These results are consistent with other investigations of
blood parasite infections conducted in seabirds of the Antarctic
region (Laird, 1961; Quillfeldt et al., 2010; Llanos et al., 2018).
Screening of 455 birds from 14 species sampled between 1975
and 1978 in South Georgia found that none of the samples tested
positive for blood parasites, except a small proportion of wan-
dering, black-browed and grey-headed albatrosses, which were
infected with the previously undescribed Hepatozoan albatrossi
(Peirce and Prince, 1980). Documented cases of Hepatozoon in
the Antarctic and subantarctic regions are limited to Hepatozoon
albatrossi, reported in albatrosses and storm petrels (Merino et al.,
2014; Parsons et al., 2017). Our study aimed to screen for other
parasites with poorly known occurrence, and excludedHepatozoon
because its presence is already established. Our findings provide
further evidence that most seabird species are likely relatively free
of blood parasites (Quillfeldt et al., 2011).

The lack of blood parasites in the samples may be explained
partly by the harsh environmental conditions at the breeding
grounds, whichmay preclude vector persistence (Martínez-Abraín
et al., 2004). To date, there are no records of vectors such as
hematophagous ceratopogonid or hippoboscid biting flies, or
Aedesmosquitoes, in subantarctic or Antarctic islands where most
of the study species nest (Quillfeldt et al., 2011; Ferreira et al.,
2020). Such vectors may, however, occur in feeding areas, mak-
ing disease transmission possible from infected coastal seabird or
land bird species. Infection at non-breeding grounds is thought to
drive the incidence of Leucocytozoon and Plasmodium lineages in
Caspian gulls (Larus cachinnans) wintering on the coast of Poland
(Zagalska-Neubauer and Bensch, 2016), and ofHaemoproteus spp.
in Manx shearwaters and black-browed albatrosses off the coast
of Brazil (Sgarioni et al., 2024), since these species tested negative

at their breeding colonies (Quillfeldt et al., 2011). The petrel and
albatross species that were sampled in South Georgia, including
white-chinned petrels, wandering albatrosses and northern giant
petrels, can travel to the Patagonian Shelf or shelf-break to feed
during the breeding season, and stay there for part or all of the non-
breeding season (Phillips et al., 2006; González‐Solís et al., 2007;
Froy et al., 2015; Clay et al., 2019; Granroth-Wilding and Phillips,
2019). The lower latitudes of the Patagonian Shelf and shelf-break,
compared to the Antarctic and sub-Antarctic regions, increase the
likelihood of vector presence and infection risk, with the poten-
tial for subsequent transmission by returning migrants to colonies
during the breeding season (Quillfeldt et al., 2011; Sallaberry-
Pincheira et al., 2015). Indeed, haemosporidian parasites, such as
P. relictum, P. circumflexum and P. vaughani, as well as Borrelia par-
asites, can be found in migratory birds (McDiarmid, 1969; Wolcott
et al., 2021; Bennett et al., 2024), and seabirds are thought to
play a role in the dispersal of Anaplasma and Ehrlichia bacteria
(Vanstreels et al., 2018; Muñoz-Leal et al., 2019). As such, the rou-
tine surveillance for blood parasite infections in seabirds in the
southwest Atlantic and Southern Ocean is essential for detecting
any shifts of disease vectors to higher latitudes, thereby increasing
risks of range expansions for vector-borne parasites.

While the lack of detectable blood parasites is reassuring,
seabirds of the southwest Atlantic and Southern Ocean remain at
risk of future infections. Ehrlichia spp. was recorded recently in
southern Chile in an I. uriae tick (Muñoz-Leal et al., 2019), which
is a common parasite of seabirds on Antarctic and subantarctic
islands (Vanstreels et al., 2020), and new Plasmodium infections
were recently recorded in seabirds in New Zealand, including in
a procellariiform species, the Westland petrel (Procellaria west-
landica) (Bennett et al., 2024).Many albatrosses and petrels already
face numerous other threats, so novel infections are potentially
serious additional risks (Heard et al., 2013;Dias et al., 2019; Phillips
et al., 2023). As a result, developing conservation and manage-
ment plans for seabirds of the southwest Atlantic and Southern
Ocean will require the implementation of proactive risk assess-
ments, biosecurity measures and long-term disease surveillance,
particularly at important breeding and non-breeding areas (Uhart
et al., 2018). We recommend that surveillance programmes of
blood parasite infections go beyond relying only on visual observa-
tions of diseased birds, and incorporate active screenings of seabird
samples.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S0031182025100590.

Acknowledgements. We are very grateful to the field assistants who helped
with the sampling at Bird Island. The authors are also grateful to all teams and
volunteers dedicated to work with monitoring sick and dead seabirds stranded
along the Brazilian coast as part of the BeachMonitoring Project of Petrobras, as
well as for all teams engaged providing samples and data for the biobank ‘Banco
Nacional de Amostras Biologicas de Albatrozes e Petreis’ (BAAP), which holds
samples of birds bycaught in Brazilian fisheries and from seabirds stranding
networks in Brazil.

Author contributions. P.P.S., A.Z.S., C.B. and R.A.P. conceptualized the
study. R.A.P., A.P., P.P.S., T.E., T.P.P., D.B.A., C.M.K., A.C.D.B. and K.H.L.
were responsible for samples and data curation. P.P.S. and A.Z.S. conducted
laboratory screening anddiagnosis. P.P.S. conducted the literature searches, per-
formed formal analysis and wrote the original draft of the manuscript. R.A.P.,
A.O.S.L., G.K., J.R., A.C.D.B., K.H.L. and C.B. were responsible for valida-
tion, supervision and final review & editing. All authors revised and edited the
manuscript providing input for the manuscript structure and topics. P.P.S. and
A.Z.S. constructed the table and graphical abstract.

https://doi.org/10.1017/S0031182025100590 Published online by Cambridge University Press

https://doi.org/10.1017/S0031182025100590
https://doi.org/10.1017/S0031182025100590


Parasitology 5

Financial support. This work represents a contribution to the Ecosystems
component of theBritishAntarctic Survey Polar Science for a Sustainable Planet
Programme, funded by the Natural Environment Research Council. Part of this
work was carried out during a secondment funded by the Agreement on the
Conservation of Albatrosses and Petrels. The studied birds were mainly col-
lected and necropsied as part of the Beach Monitoring Project of the Santos
Basin (Projeto de Monitoramento de Praias – PMP/BS). PMP is one of the
monitoring programs required by Brazil’s federal environmental agency, the
Institute of the Environment and Renewable Natural Resources (IBAMA),
for the environmental licensing process of oil production and transport by
Petrobras. Bainy and K.H. Lüchmann are recipients of a productivity fellowship
from CNPq (311725/2021-0 and 313843/2023-6, respectively). We are thankful
to CEMAVE/ICMBio, Petrobras, IBAMA, LABCAI/UFSC and R3 Animal for
their continued support, and the Wildlife Conservation Network for providing
a veterinary scholarship to A. Z. Sgarioni.

Competing interests. The authors declare there are no conflicts of interest.

Ethical standards. Sampling of live birds at Bird Island was approved by the
British Antarctic Survey Animal Welfare and Ethics Committee and carried
out with the permission of the Government of South Georgia and the South
Sandwich Islands. Sampling from stranded and deceased seabirds in this project
was undertaken with all the necessary permits issued by SISBIO/ICMBio and
IBAMA, environmental agencies of Brazil.

References
Atkinson CT and LaPointe DA (2009) Introduced avian diseases, climate

change, and the future ofHawaiian honeycreepers. Journal of AvianMedicine
and Surgery 23(1), 53–63. doi:10.1647/2008-059.1

BakerGB,KomyakovaV,WellbeloveA, BeynonNandHawardM (2024)The
implementation of ACAP Best Practice Advice to mitigate seabird bycatch
in fisheries: Issues and options. Marine Policy 160, 105879. doi:10.1016/j.
marpol.2023.105879

Banyard AC, Bennison A, Byrne AMP, et al. (2024) Detection and spread
of high pathogenicity avian influenza virus H5N1 in the Antarctic Region.
Nature Communications 15, 7433. doi:10.1038/s41467-024-51490-8.

Barbosa A and Palacios MJ (2009) Health of Antarctic birds: A review of
their parasites, pathogens and diseases. Polar Biology 32, 1095. doi:10.1007/
s00300-009-0640-3

Bennett J, Niebuhr CN, Lagrue C, Middlemiss KL, Webster T and Filion A
(2024) New insights into avian malaria infections in New Zealand seabirds.
Parasitology Research 123(4), 184. doi:10.1007/s00436-024-08210-4

Bennison A, Adlard S, Banyard AC, Blockley F, Blyth M, Browne E and
PhillipsRA (2024)A case study of highly pathogenic avian influenza (HPAI)
H5N1 at Bird Island, South Georgia: The first documented outbreak in the
subantarctic region. Bird Study, 1–12. doi:10.1080/00063657.2024.2396563

Bensch S, Hellgren O and Pérez‐Tris J (2009) MalAvi: A public database
of malaria parasites and related haemosporidians in avian hosts based on
mitochondrial cytochrome b lineages. Molecular Ecology Resources 9(5),
1353–1358. doi:10.1111/j.1755-0998.2009.02692.x

Bunikis J, Garpmo U, Tsao J, Berglund J, Fish D and Barbour AG (2004)
Sequence typing reveals extensive strain diversity of the Lyme borreliosis
agents Borrelia burgdorferi in North America and Borrelia afzelii in Europe.
Microbiology 150(Pt 6), 1741–1755. doi:10.1099/mic.0.26944-0

Clay TC, Small C, Tuck GN, Pardo D, Carneiro APB, Wood AG, Croxall JP,
CrossinGTandPhillipsRA (2019)A comprehensive large-scale assessment
of fisheries bycatch risk to threatened seabird populations. Journal of Applied
Ecology 56, 1882–1893. doi:10.1111/1365-2664.13407

Dias MP, Martin R, Pearmain EJ, Burfield IJ, Small C, Phillips RA, Yates O,
Lascelles B, Borborolu PG and Croxall JP (2019) Threats to seabirds:
A global assessment. Biological Conservation 237, 525–537. doi:10.1016/j.
biocon.2019.06.033

Dickie CW and Barrera J (1964) A study of the carrier state of avian spiro-
chetosis in the chicken. Avian Diseases 8(2), 191–195. doi:10.2307/1588059

Dietrich M, Gómez-Díaz E and McCoy KD (2011) Worldwide distribution
and diversity of seabird ticks: Implications for the ecology and epidemiology

of tick-borne pathogens.Vector Borne and Zoonotic Diseases 11(5), 453–470.
doi:10.1089/vbz.2010.0009

Dietrich M, Lebarbenchon C, Jaeger A, Le Rouzic C, Bastien M, Lagadec E,
McCoy KD, Pascalis H, Le Corre M, Dellagi K and Tortosa P (2014)
Rickettsia spp. in Seabird Ticks from Western Indian Ocean Islands,
2011–2012. Emerging Infectious Diseases 20(5), 838–842. doi:10.3201/
eid2005.131088

Favero M, Seco Pon JP, Paz J, Hernandez M and Copello S (2024) Seabirds
in the Argentine Continental Shelf and Shelf-Break. Acha EM, Iribarne OO
and Piola A, (eds.) The Patagonian Shelfbreak Front. Aquatic Ecology Series.
Vol. 13. Cham: Springer, 185–209. doi:10.1007/978-3-031-71190-9_8

Ferreira FC, Santiago-Alarcon D and Braga ÉM (2020) Diptera vec-
tors of avian Haemosporidians: With emphasis on tropical regions. In
Santiago-Alarcon D and Marzal A (eds), Avian Malaria and Related
Parasites in the Tropics: Ecology, Evolution and Systematics. Cham: Springer,
185–250.

Ferreyra HDV, Rudd J, Foley J, Vanstreels RE, Martín AM, Donadio E and
Uhart MM (2022) Sarcoptic mange outbreak decimates South American
wild camelid populations in San Guillermo National Park, Argentina. PLoS
ONE 17(1), e0256616. doi:10.1371/journal.pone.0256616

Froy H, Lewis S, Catry P, Bishop CM, Forster IP, Fukuda A, Higuchi H,
Phalan B, Xavier JC, Nussey DH and Phillips RA (2015) Age-related vari-
ation in foraging behaviour in the wandering albatross at South Georgia: No
evidence for senescence. PLoSONE 10, e0116415. doi:10.1371/journal.pone.
0116415

Gamarra-ToledoV,PlazaPI,AnguloF,GutiérrezR,García-TelloO, Saravia-
Guevara P, Mejía-Vargas F, Epiquién-Rivera M, Quiroz-Jiménez G,
Martinez P, Huamán-Mendoza D, Inga-Díaz G, La Madrid LE, Luyo P,
Ventura S and Lambertucci SA (2023) Highly pathogenic avian influenza
(HPAI) strongly impacts wild birds in Peru. Biological Conservation 286,
110272. doi:10.1016/j.biocon.2023.110272

GambleA,Garnier R, JaegerA,GanteletH,Thibault E, Tortosa P, Bourret V,
Thiebot JB, Delord K, Weimerskirch H, Tornos J, Barbraud C and
Boulinier T (2019) Exposure of breeding albatrosses to the agent of avian
cholera: Dynamics of antibody levels and ecological implications. Oecologia
189, 939–949. doi:10.1007/s00442-019-04369-1

González‐Solís J, Croxall JP andAfanasyevV (2007) Offshore spatial segrega-
tion in giant petrelsMacronectes spp.: Differences between species, sexes and
seasons. Aquatic Conservation: Marine and Freshwater Ecosystems 17(S1),
22–36. doi:10.1002/aqc.911

Granroth-Wilding HMV and Phillips RA (2019) Segregation in space and
time explains the coexistence of two sympatric sub-Antarctic petrels. Ibis
161, 101–116. doi:10.1111/ibi.12584

Gylfe Å, Olsen B, Straševičius D, Marti Ras N, Weihe P, Noppa L and
Bergström S (1999) Isolation of Lyme disease Borrelia from puffins
(Fratercula arctica) and seabird ticks (Ixodes uriae) on the Faeroe Islands.
Journal of Clinical Microbiology 37(4), 890–896. doi:10.1128/jcm.37.4.890-
896.1999

Heard MJ, Smith KF, Ripp KJ, Berger M, Chen J, Dittmeier J, Goter M,
Mcgarvey ST and Ryan E (2013) The threat of disease increases as species
move toward extinction. Conservation Biology 27, 1378–1388. doi:10.1111/
cobi.12143

Hegemann A, Abril PA, Muheim R, Sjöberg S, Alerstam T, Nilsson J
and Hasselquist D (2018) Immune function and blood parasite infec-
tions impact stopover ecology in passerine birds.Oecologia 188, 1011–1024.
doi:10.1007/s00442-018-4291-3

HellgreenO,Waldenstrom J andBensch S (2004) ANewPCR assay for simul-
taneous studies of Leucocytozoon, Plasmodium, and Haemoproteus from
avian blood. Journal of Parasitology 90, 797–802. doi:10.1645/GE-184R1

Hill AG, Howe L, Gartrell BD and Alley MR (2010) Prevalence of
Leucocytozoon spp, in the endangered yellow-eyed penguin Megadyptes
antipodes. Parasitology 137, 1477–1485. doi:10.1017/S00311820099
91910

Jaeger A, Gamble A, Lagadec E, Lebarbenchon C, Bourret V, Tornos J,
Barbraud C, Lemberger K, Delord K, Weimerskirch H, Thiebot JB,
Boulinier T and Tortosa P (2020) Impact of annual bacterial epizootics on
albatross population on a remote island.EcoHealth 17, 194–202. doi:10.1007/
s10393-020-01487-8

https://doi.org/10.1017/S0031182025100590 Published online by Cambridge University Press

https://doi.org/10.1647/2008-059.1
https://doi.org/10.1016/j.marpol.2023.105879
https://doi.org/10.1016/j.marpol.2023.105879
https://doi.org/10.1038/s41467-024-51490-8
https://doi.org/10.1007/s00300-009-0640-3
https://doi.org/10.1007/s00300-009-0640-3
https://doi.org/10.1007/s00436-024-08210-4
https://doi.org/10.1080/00063657.2024.2396563
https://doi.org/10.1111/j.1755-0998.2009.02692.x
https://doi.org/10.1099/mic.0.26944-0
https://doi.org/10.1111/1365-2664.13407
https://doi.org/10.1016/j.biocon.2019.06.033
https://doi.org/10.1016/j.biocon.2019.06.033
https://doi.org/10.2307/1588059
https://doi.org/10.1089/vbz.2010.0009
https://doi.org/10.3201/eid2005.131088
https://doi.org/10.3201/eid2005.131088
https://doi.org/10.1007/978-3-031-71190-9_8
https://doi.org/10.1371/journal.pone.0256616
https://doi.org/10.1371/journal.pone.0116415
https://doi.org/10.1371/journal.pone.0116415
https://doi.org/10.1016/j.biocon.2023.110272
https://doi.org/10.1007/s00442-019-04369-1
https://doi.org/10.1002/aqc.911
https://doi.org/10.1111/ibi.12584
https://doi.org/10.1128/jcm.37.4.890-896.1999
https://doi.org/10.1128/jcm.37.4.890-896.1999
https://doi.org/10.1111/cobi.12143
https://doi.org/10.1111/cobi.12143
https://doi.org/10.1007/s00442-018-4291-3
https://doi.org/10.1645/GE-184R1
https://doi.org/10.1017/S0031182009991910
https://doi.org/10.1017/S0031182009991910
https://doi.org/10.1007/s10393-020-01487-8
https://doi.org/10.1007/s10393-020-01487-8
https://doi.org/10.1017/S0031182025100590


6 Patricia Pereira Serafini et al.

Jain NR (2023) The first animal disease to be eradicated in the history of
pandemic-rinderpest. mLAC Journal for Arts, Commerce and Sciences 1(1),
2–8. doi:10.59415/mjacs.v1i1.77

Laird M (1961) A lack of avian and mammalian haematozoa in the Antarctic
and Canadian Arctic. Canadian Journal of Zoology 39(2), 209–213. doi:10.
1139/z61-025

Llanos S, Suazo CG, Quillfeldt P, Cursach JA and Salas LM (2018)
Ectoparasite abundance and apparent absence of hemoparasites in two alba-
tross species in Sub-Antarctic Chile. Polar Biology 41, 143–147. doi:10.1007/
s00300-017-2177-1

Lynton-Jenkins JG, Russell AF, Chaves J and Bonneaud C (2021) Avian dis-
ease surveillance on the island of San Cristobal, Galapagos. Ecology and
Evolution 00, 1–12. doi:10.1002/ece3.8431

Machado RZ, André MR, Werther K, de Sousa E, Gavioli FA and Alves
Junior JRF (2012) Migratory and carnivorous birds in Brazil: Reservoirs for
Anaplasma and Ehrlichia species?Vector-Borne and Zoonotic Diseases 12(8),
705–708. doi:10.1089/vbz.2011.0803

Machalaba C, Feferholtz Y, Uhart MM and Karesh WB (2020) Wildlife con-
servation status and disease trends: Ten years of reports to the worldwide
monitoring system for wild animal diseases. Revue Scientifique et Technique
(International Office of Epizootics) 39(3), 991–1001. doi:10.20506/rst.39.3.
3191

Maia TA, Vilaça ST, Silva LRD, Santos FR and Dantas GPDM (2017) DNA
sampling from eggshells and microsatellite genotyping in rare tropical
birds: Case study on Brazilian Merganser. Genetics and Molecular Biology,
40:808–812. doi:10.1590/1678-4685-GMB-2016-0297

Martínez-Abraín A, Esparza B and Oro D (2004) Lack of blood parasites in
bird species: Does absence of blood parasite vectors explain it all? Ardeola
51(1), 225–232.

Marzal A, Bensch S, Reviriego MI, Balbontin J and De Lope F (2008) Effects
of malaria double infection in birds: One plus one is not two. Journal of
Evolutionary Biology. 21, 979–987. doi:10.1111/j.1420-9101.2008.01545.x

Marzal A, de Lope F, Navarro C and Møller AP (2005) Malarial parasites
decrease reproductive success: An experimental study in a passerine bird.
Oecologia 142, 541–545. doi:10.1007/s00442-004-1757-2

McDiarmid A (1969) In Diseases in Free-living Wild Animals. London:
Academic Press, 332.

Meister SL, Richard OK, Hoby S, Gurtner C and Basso WU (2021) Fatal
avian malaria in captive Atlantic puffins (Fratercula arctica) in Switzerland.
International Journal for Parasitology: Parasites and Wildlife 14, 97–106.
doi:10.1016/j.ijppaw.2020.12.007

Merino S, Martínez J, Masello JF, Bedolla Y and Quillfeldt P (2014)
First molecular characterization of a Hepatozoon species (Apicomplexa:
Hepatozoidae) infecting birds and description of a new species infecting
storm petrels (Aves: Hydrobatidae). The Journal of Parasitology 100(3),
338–343. doi:10.1645/13-325.1

Merino S, Potti J and Fargallo JA (1997) Blood parasites of passerine birds
from central Spain. Journal of Wildlife Diseases 33(3), 638–641. doi:10.7589/
0090-3558-33.3.638

Muñoz-Leal S, Clemes YS, Lopes MG, Acosta ICL, Serpa MCA,
Mayorga LFSP, Gennari SM, González-Acuña D and Labruna MB
(2019) Novel Ehrlichia sp. detected in Magellanic penguins (Sphenicus
magellanicus) and in the seabird tick Ixodes uriae from Magdalena Island,
southern Chile. Ticks and Tick-borne Diseases 10(6), 101256. doi:10.1016/j.
ttbdis.2019.06.015

Munro HJ, Ogden NH, Mechai S, Lindsay LR, Robertson GJ, Whitney H
and Lang AS (2019) Genetic diversity of Borrelia garinii from Ixodes
uriae collected in seabird colonies of the northwestern Atlantic Ocean.
Ticks and Tick-borne Diseases 10, 101255. doi:10.1016/j.ttbdis.2019.06.
014

Newman EA, Eisen L, Eisen RJ, Fedorova N, Hasty JM, Vaughn C and
Lane RS (2015) Borrelia burgdorferi sensu lato spirochetes in wild birds in
northwestern California: Associations with ecological factors, bird behavior
and tick infestation. PLoS ONE 10(2), e0118146. doi:10.1371/journal.pone.
0118146

Nicholson SK, Marneweck DG, Lindsey PA, Marnewick K and Davies-
MostertHT (2020) A 20-year review of the status and distribution of African

wild dogs (Lycaon pictus) in SouthAfrica.African Journal ofWildlife Research
50(1), 8–19. doi:10.3957/056.050.0008

Olsen B, Duffy DC, Jaenson TG, Gylfe A, Bonnedahl J and Bergström S
(1995) Transhemispheric exchange of Lyme disease spirochetes by seabirds.
Journal of Clinical Microbiology 33(12), 3270–3274. doi:10.1128/jcm.33.12.
3270-3274.1995

Olsen B, Jaenson TG, Noppa L, Bunikis J and Bergström S (1993) A Lyme
borreliosis cycle in seabirds and Ixodes uriae ticks. Nature 362(6418),
340–342. doi:10.1038/362340a0

Pacheco MA and Escalante AA (2023) Origin and diversity of malaria para-
sites and otherHaemosporida.Trends in Parasitology 39(7), 501–516. doi:10.
1016/j.pt.2023.04.004

Palinauskas V, Valkiunas G, Bolshakov CV and Bensch S (2008) Plasmodium
relictum (lineage P- SGS1): Effects on experimentally infected passerine
birds. Experimental Parasitology 120, 372–380. doi:10.1016/j.exppara.2008.
09.001

Parola P, Roux V, Camicas JL, Baradji I, Brouqui P and Raoult D (2000)
Detection of ehrlichiae in African ticks by polymerase chain reaction.
Transactions of the Royal Society of Tropical Medicine and Hygiene 94(6),
707–708. doi:10.1016/s0035-9203(00)90243-8

Parsons NJ, Gous TA, Cranfield MR, Cheng LI, Schultz A, Horne E,
Last RP, Lampen F, Ludynia K, Bousfield B, Strauss V, Peirce MA and
Vanstreels RET (2018) Novel vagrant records and occurrence of vector-
borne pathogens in King Penguins (Aptenodytes patagonicus) in South
Africa. Polar Biology 41(1), 79–86. doi:10.1007/s00300-017-2171-7

Parsons NJ, Voogt NM, Schaefer AM, Peirce MA and Vanstreels RET (2017)
Occurrence of blood parasites in seabirds admitted for rehabilitation in the
Western Cape, South Africa, 2001–2013.Veterinary Parasitology 233, 52–61.
doi:10.1016/j.vetpar.2016.12.001

Pedersen BN, Jenkins A and Kjelland V (2020) Tick-borne pathogens in
Ixodes ricinus ticks collected frommigratory birds in southernNorway. PLoS
ONE 15(4), e0230579. doi:10.1371/journal.pone.0230579

Peirce MA and Prince PA (1980) Hepatozoon albatrossi sp. nov: (Eucoccida:
Hepatozoidae) from Diomedea spp. in the Antarctic. Journal of Natural
History 14, 447–452. doi:10.1080/00222938000770381

Phillips RA, Fort J and Dias MP 2023 (Conservation status and overview of
threats to seabirds). In Young LC, and VanderWerf EA (eds), Conservation
ofMarine Birds. Cambridge: Academic Press, Chapter 2, 33–56. doi:10.1016/
B978-0-323-88539-3.00015-7

Phillips RA, Silk JRD, Croxall JP and Afanasyev V (2006) Year-round dis-
tribution of white-chinned petrels from South Georgia: Relationships with
oceanography and fisheries. Biological Conservation 129, 336–347. doi:10.
1016/j.biocon.2005.10.046

Poncet S, Wolfaardt AC, Barbraud C, Reyes-Arriagada R, Black A,
Powell RB and Phillips RA (2020) The distribution, abundance, status
and global importance of giant petrels (Macronectes giganteus and M. halli)
breeding at South Georgia. Polar Biology 43(1), 17–34. doi:10.1007/s00300-
019-02608-y

Poncet S, Wolfaardt AC, Black A, Browning S, Lawton K, Lee J, Passfield K,
Strange G and Phillips RA (2017) Recent trends in numbers of wan-
dering (Diomedea exulans), black-browed (Thalassarche melanophris) and
grey-headed (T. chrysostoma) albatrosses breeding at South Georgia. Polar
Biology 40(7), 1347–1358. doi:10.1007/s00300-016-2057-0

PuryearWB and Runstadler JA (2024) High-pathogenicity avian influenza in
wildlife: A changing disease dynamic that is expanding in wild birds and
having an increasing impact on a growing number of mammals. Journal of
the AmericanVeterinaryMedical Association 1(aop), 1–9. doi:10.2460/javma.
24.01.0053

Quillfeldt P, Arriero E, Martínez J, Masello JF and Merino S (2011)
Prevalence of blood parasites in seabirds-a review. Frontiers in Zoology 8,
26. doi:10.1186/1742-9994-8-26

Quillfeldt P, Martínez J, Hennicke J, Ludynia K, Gladbach A, Masello JF,
Riou S andMerino S (2010) Haemosporidian blood parasites in seabirds—
a comparative genetic study of species from Antarctic to tropical habitats.
Naturwissenschaften 97, 809–817. doi:10.1007/s00114-010-0698-3

Rar V and Golovljova I (2011) Anaplasma, Ehrlichia, and “candidatus
Neoehrlichia” bacteria: Pathogenicity, biodiversity, and molecular genetic

https://doi.org/10.1017/S0031182025100590 Published online by Cambridge University Press

https://doi.org/10.59415/mjacs.v1i1.77
https://doi.org/10.1139/z61-025
https://doi.org/10.1139/z61-025
https://doi.org/10.1007/s00300-017-2177-1
https://doi.org/10.1007/s00300-017-2177-1
https://doi.org/10.1002/ece3.8431
https://doi.org/10.1089/vbz.2011.0803
https://doi.org/10.20506/rst.39.3.3191
https://doi.org/10.20506/rst.39.3.3191
https://doi.org/10.1590/1678-4685-GMB-2016-0297
https://doi.org/10.1111/j.1420-9101.2008.01545.x
https://doi.org/10.1007/s00442-004-1757-2
https://doi.org/10.1016/j.ijppaw.2020.12.007
https://doi.org/10.1645/13-325.1
https://doi.org/10.7589/0090-3558-33.3.638
https://doi.org/10.7589/0090-3558-33.3.638
https://doi.org/10.1016/j.ttbdis.2019.06.015
https://doi.org/10.1016/j.ttbdis.2019.06.015
https://doi.org/10.1016/j.ttbdis.2019.06.014
https://doi.org/10.1016/j.ttbdis.2019.06.014
https://doi.org/10.1371/journal.pone.0118146
https://doi.org/10.1371/journal.pone.0118146
https://doi.org/10.3957/056.050.0008
https://doi.org/10.1128/jcm.33.12.3270-3274.1995
https://doi.org/10.1128/jcm.33.12.3270-3274.1995
https://doi.org/10.1038/362340a0
https://doi.org/10.1016/j.pt.2023.04.004
https://doi.org/10.1016/j.pt.2023.04.004
https://doi.org/10.1016/j.exppara.2008.09.001
https://doi.org/10.1016/j.exppara.2008.09.001
https://doi.org/10.1016/s0035-9203(00)90243-8
https://doi.org/10.1007/s00300-017-2171-7
https://doi.org/10.1016/j.vetpar.2016.12.001
https://doi.org/10.1371/journal.pone.0230579
https://doi.org/10.1080/00222938000770381
https://doi.org/10.1016/B978-0-323-88539-3.00015-7
https://doi.org/10.1016/B978-0-323-88539-3.00015-7
https://doi.org/10.1016/j.biocon.2005.10.046
https://doi.org/10.1016/j.biocon.2005.10.046
https://doi.org/10.1007/s00300-019-02608-y
https://doi.org/10.1007/s00300-019-02608-y
https://doi.org/10.1007/s00300-016-2057-0
https://doi.org/10.2460/javma.24.01.0053
https://doi.org/10.2460/javma.24.01.0053
https://doi.org/10.1186/1742-9994-8-26
https://doi.org/10.1007/s00114-010-0698-3
https://doi.org/10.1017/S0031182025100590


Parasitology 7

characteristics, a review. Infection Genetics & Evolution 11(8), 1842–1861.
doi:10.1016/j.meegid.2011.09.019

Roberts LC, Abolnik C, Waller LJ, Shaw K, Ludynia K, Roberts DG,
Kock AA, Makhado AB, Snyman A and Abernethy D (2023) Descriptive
epidemiology of and response to the high pathogenicity avian influenza
(H5N8) epidemic in South African coastal seabirds, 2018. Transboundary
and Emerging Diseases 1, 2708458. doi:10.1155/2023/2708458

Sallaberry-Pincheira N, Gonzalez-Acuña D, Herrera-Tello Y, Dantas GP,
Luna-Jorquera G, Frere E, Valdés-Velasquez A, SimeoneA andVianna JA
(2015) Molecular epidemiology of avian malaria in wild breeding colonies
of Humboldt and Magellanic penguins in South America. EcoHealth 12,
267–277. doi:10.1007/s10393-014-0995-y

Sambrook J, Fritsch ER and Maniatis T (1989) Molecular Cloning: A
Laboratory Manual. New York: Cold Spring Harbor.

SchrammF,Gauthier-ClercM, Fournier JC,McCoyKD,Barthel C, PosticD,
Handrich Y, Maho YL and Jaulhac B (2014) First detection of Borrelia
burgdorferi sensu latoDNA in king penguins (Aptenodytes patagonicus halli).
Ticks and Tick-borne Diseases 5(6), 939–942. doi:10.1016/j.ttbdis.2014.07.
013

Sgarioni AZ, Serafini P, Pereira A, Emmerich T, Pontes TP, Machado DC,
Ribeiro PR, Amorim DB, Klafke G and Reck J (2024) Molecular survey of
haemosporidian parasites in procellariiformes sampled in Southern Brazil,
2013-22. The Journal of Wildlife Diseases 60(2), 413–420. doi:10.7589/JWD-
D-23-00087

Sijbranda DC, Hunter S, Howe L, Lenting B, Argilla L and Gartrell BD
(2017) Cases of mortality in little penguins (Eudyptula minor) in New
Zealand associated with avian malaria. New Zealand Veterinary Journal
65(6), 332–337. doi:10.1080/00480169.2017.1359124

Steig EJ, Schneider DP, Rutherford SD, Mann ME, Comiso JC and
Shindell DT (2009) Warming of the Antarctic ice-sheet surface since the
1957 International Geophysical Year. Nature 457(7228), 459–462. doi:10.
1038/nature07669

ThomasNJ, Bunikis J, BarbourAG andWolcottMJ (2002) Fatal spirochetosis
due to a relapsing fever-like Borrelia sp. in a northern spotted owl. Journal of
Wildlife Diseases 38(1), 187–193. doi:10.7589/0090-3558-38.1.187

Uhart MM, Gallo L and Quintana F (2018) Review of diseases (pathogen
isolation, direct recovery and antibodies) in albatrosses and large petrels

worldwide. Bird Conservation International 28(2), 169–196. doi:10.1017/
S0959270916000629

Valkiunas G (2005)AvianMalaria Parasites and Other Haemosporidia, 1st edn.
Boca Raton, FL, USA: CRC Press.

Vanstreels RET, Palma RL and Mironov SV (2020) Arthropod parasites of
Antarctic and Subantarctic birds and pinnipeds: A review of host-parasite
associations. International Journal for Parasitology: Parasites andWildlife 12,
275–290. doi:10.1016/j.ijppaw.2020.03.007

Vanstreels RET, ParsonsNJ, Pistorius PA and SchaeferAM (2019) Prognostic
indicators of immature rehabilitated African penguins (Spheniscus demer-
sus) in South Africa. The Journal of Wildlife Diseases 55, 758–769. doi:10.
7589/2018-05-134

Vanstreels RET, Uhart MM and Work TM (2023) Health and dis-
eases, (Young LC, and VanderWerf EA). (eds.) Conservation of Marine
Birds. Cambridge: Academic Press, 131–176. 10.1016/B978-0-323-88539-3.0
0003-0.

Vanstreels RET, Yabsley MJ, Parsons NJ, Swanepoel L and Pistorius PA
(2018) A novel candidate species of Anaplasma that infects avian erythro-
cytes. Parasites and Vectors l1(1), 1–7. doi:10.1186/s13071-018-3089-9

Warner RE (1968) The role of introduced diseases in the extinction of
the endemic Hawaiian Avifauna. The Condor 70, 101–120. doi:10.2307/13
65954

Wolcott KA, Margos G, Fingerle V and Becker NS (2021) Host association of
Borrelia burgdorferi sensu lato: A review.Ticks andTick-borneDiseases 12(5),
101766. doi:10.1016/j.ttbdis.2021.101766

Wyatt KB, Campos PF, Gilbert MTP, Kolokotronis SO, Hynes WH,
DeSalle R and Greenwood AD (2008) Historical mammal extinction on
Christmas Island (Indian Ocean) correlates with introduced infectious dis-
ease. PLoS ONE 3(11), e3602. doi:10.1371/annotation/9fbe9687-682e-4010-
97e4-139b33343d34

Yabsley MJ, Parsons NJ, Horne EC, Shock BC and Purdee M (2012) Novel
relapsing fever Borrelia detected in African penguins (Spheniscus demersus)
admitted to two rehabilitation centres in South Africa. Parasitology Research
110(3), 1125–1130. doi:10.1007/s00436-011-2602-2

Zagalska-NeubauerMandBensch S (2016)High prevalence of Leucocytozoon
parasites in fresh water breeding gulls. Journal of Ornithology 157, 525–532.
doi:10.1007/s10336-015-1291-5

https://doi.org/10.1017/S0031182025100590 Published online by Cambridge University Press

https://doi.org/10.1016/j.meegid.2011.09.019
https://doi.org/10.1155/2023/2708458
https://doi.org/10.1007/s10393-014-0995-y
https://doi.org/10.1016/j.ttbdis.2014.07.013
https://doi.org/10.1016/j.ttbdis.2014.07.013
https://doi.org/10.7589/JWD-D-23-00087
https://doi.org/10.7589/JWD-D-23-00087
https://doi.org/10.1080/00480169.2017.1359124
https://doi.org/10.1038/nature07669
https://doi.org/10.1038/nature07669
https://doi.org/10.7589/0090-3558-38.1.187
https://doi.org/10.1017/S0959270916000629
https://doi.org/10.1017/S0959270916000629
https://doi.org/10.1016/j.ijppaw.2020.03.007
https://doi.org/10.7589/2018-05-134
https://doi.org/10.7589/2018-05-134
https://doi.org/10.1016/B978-0-323-88539-3.00003-0
https://doi.org/10.1016/B978-0-323-88539-3.00003-0
https://doi.org/10.1186/s13071-018-3089-9
https://doi.org/10.2307/1365954
https://doi.org/10.2307/1365954
https://doi.org/10.1016/j.ttbdis.2021.101766
https://doi.org/10.1371/annotation/9fbe9687-682e-4010-97e4-139b33343d34
https://doi.org/10.1371/annotation/9fbe9687-682e-4010-97e4-139b33343d34
https://doi.org/10.1007/s00436-011-2602-2
https://doi.org/10.1007/s10336-015-1291-5
https://doi.org/10.1017/S0031182025100590

	Disease surveillance in albatrosses and petrels from the Southwest Atlantic and Southern Ocean
	Introduction
	Materials and methods
	Sampling
	DNA extraction and molecular analysis
	Light microscopy of blood smears

	Results
	Discussion
	Acknowledgements
	References


