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Toxoplasmosis has been reported in many avian species, but little information is available from wild penguin
populations. Leptospira can infects domestic and wild animals. Spheniscus magellanicus belong to the order
Chile Sphenisciformes, family Spheniscidae, and are colonial birds. These seabirds live in temperate waters along the
South America Atlantic shores of South America, and their total population has been estimated to be 1,300,000 breeding pairs.
Z:;Z; ;‘;;"Zpg; ndii Magdalena Island (Chile) hosts an important breeding colony but, over recent decades, a marked decline in the

number of birds has been seen. The objective of this study was to determine occurrences of antibodies against T.
gondii and Leptospira spp. in penguins (Spheniscus magellanicus) on Magdalena Island, from where no previous
data on these agents were available. Serum samples were collected from 132 penguins on Magdalena Island.
Antibodies against Toxoplasma gondii were detected using the modified agglutination test (Titer >20), and anti-
Leptospira spp. antibodies were detected using the microscopic agglutination test (Titer =100). T. gondii anti-
bodies were detected in 57 (43.18%) of the 132 serum samples, with titers that ranged from 20 to 320. None of
the penguins in this study was reactive to anti-Leptospira spp. antibodies. This is the first report of T. gondii
seropositivity in free-living Magellanic penguins in Chile.

1. Introduction

Toxoplasma gondii is a coccidian parasite found worldwide. It infects
virtually all warm-blooded animals, including humans, but only cats
(domestic and wild) are its definitive hosts. Toxoplasmosis has been
reported in many avian species, but little information is available from
wild penguin populations (Dubey, 2010). Leptospirosis is a bacterial
infection determined by pathogenic spirochetes of the genus Leptospira
that infects domestic and wild animals, as well as humans. Leptospirosis
infection in wild fauna has been identified in varius biomes of Latin
America, such as in the Atlantic Forest, Amazon, Equatorial Forest,
Pantanal, Ocean and Savanna (Vieira et al., 2018).

Magellanic penguins belong to the order Sphenisciformes, family
Spheniscidae, and are colonial birds. These seabirds live in temperate
waters along the Atlantic shores of South America, and their total po-
pulation has been estimated to be 1,300,000 breeding pairs. They re-
produce on the coasts of Argentina and Patagonian Chile and on the

Falkland Islands during the months of September to March. Before
winter, they migrate northwards from these locations towards the
southern and southeastern coasts of Brazil, searching for places with
greater availability of food (Boersma et al., 2013).

Magdalena Island, in Chile, hosts an important breeding colony of
Magellanic penguins. However, over recent decades, a marked decline
in the number of birds has been seen due to a series of factors relating
especially to commercial fishing, climate change and oil contamination
(Bingham and Herrmann, 2008; Calvert et al., 2013).

A study conducted in the Galapagos Islands, Ecuador, reported that
the endemic Galapagos penguin (Spheniscus mendiculus) was ser-
opositive to T. gondii. Antibodies were detected at a seroprevalence rate
of 2.3% among 298 specimens (Deem et al., 2010). To date, this study
remains the sole evidence of T. gondii exposure in wild populations of
penguins.

On the other hand, T. gondii was reported in a captive blue penguin
(Eudyptula minor) in Tasmania, Australia, by means of
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immunohistochemical analyses (Mason et al., 1991). In South Africa,
Graczyk et al. (1996) also detected antibodies against T. gondii in
African penguins (Spheniscus demersus) at a rehabilitation center. A fatal
case of toxoplasmosis was also described in three captive African pen-
guins in the Netherlands (Ploeg et al., 2011). Ratcliffe and Worth
(1951) found T. gondii lesions in one Magellanic penguin and in six
African penguins after they were imported into a zoo in the United
States, but Fleischmann et al. (1968) considered that the lesions de-
scribed by those authors might have been related to Plasmodium and
might have been due to avian malaria.

In Brazil, using a modified agglutination test (MAT =20), anti-
bodies to T. gondii were detected in captive Magellanic penguins, with a
prevalence of 28%. However, the majority of the birds (72%) had been
kept in captivity for many years and it was impossible to conclude
whether infection had occurred before or after they arrived in captivity
(Gennari et al., 2016a).

The objective of this study was to determine occurrences of anti-
bodies against T. gondii and Leptospira spp. in Spheniscus magellanicus on
Magdalena Island, from where no previous data on these agents were
available.

2. Material and methods

In January 2011 and 2015, serum samples were collected from 132
penguins (Spheniscus magellanicus) on Magdalena Island. This island
forms a nature reserve called “Monumento Natural Los Pinguinos” in
the Strait of Magellan, near Punta Arenas, southern Chile (52°55’10.0”
S; 70°34’37.7” W). Blood was collected through puncturing the jugular
or cephalic vein and the serum samples were kept at —20 °C until
analyses.

The fieldwork on Magdalena Island was conducted under license no.
645/2009, issued by the National Forests Corporation (Corporacién
Nacional Forestal; CONAF), and under permit no. 3283 issued by the
National Fisheries Service (Servicio Nacional de Pesca; SERNAPESCA),
Chile.

It was not possible to determine the penguins' sex, since no genetic
tests were used. The birds in the present study were all adults, ac-
cording to their plumage color and size (Boersma et al., 2013).

Antibodies against T. gondii were detected using the modified ag-
glutination test (MAT) (Dubey and Desmonts, 1987). The serum sam-
ples were initially screened at 1:20 dilution and the positive samples
were then end-titrated. Positive and negative serum samples from
chickens were used as controls. The MAT is considered to be the most
sensitive test for detecting T. gondii antibodies in animal serum samples
and, based on studies on bird species, an antibody titer of 20 was
considered indicative of T. gondii exposure among penguins (Dubey
et al., 2016; Gennari et al., 2016a,b).

Detection of anti-Leptospira spp. antibodies was performed using the
microscopic agglutination test (MAT-Leptospira). This was done in ac-
cordance with the standard procedure recommended by the World
Organization for Animal Health (OIE) (OIE, 2012), using the 23 ser-
ovars listed in Table 1. The serum samples were first tested with the
whole antigen collection, at a dilution of 1:100, and then titrated with
the reacting antigens in a double dilution series. The titer for positive
reactions was the reciprocal of the highest serum dilution in serum-
antigen mixtures that showed 50% agglutinated leptospires per mi-
croscopic field.

3. Results

Overall, antibodies against T. gondii were found in 57 (43.18%) of
the 132 serum samples, with titers that ranged from 20 to 320
(Table 2). None of the penguins in this study was reactive to anti-Lep-
tospira spp. antibodies.
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4. Discussion

The MAT used in the present study for detection of T. gondii anti-
bodies is the most-used test for wild animals. It presents good sensitivity
and specificity and does not require species-specific conjugates. This
last attribute is very useful for studies on wild species (Dubey, 2010).
Although not yet validated for detection of T. gondii in penguins, it has
already been widely used for other aquatic or non-aquatic species of
birds (Dubey, 2010; Deem et al., 2010; Gennari et al., 2016a,b). Al-
though Dubey et al. (2016) isolated T. gondii from chickens using a 1:5
titer in a MAT in a validation study, the cutoff of 1:20 that was used in
the present study was suggested by Gennari et al. (2016a). The latter
authors considered that 1:20 was a more conservative dilution.

In the present study, based on a MAT with titer =20, the ser-
oprevalence among the birds reached 43.18% (57/132). This propor-
tion is higher than what was found by Deem et al. (2010), based on a
MAT with a cutoff of 50 that was conducted on samples from free-living
Galapagos penguins (Spheniscus mendiculus) in Ecuador. If the cutoff of
the present study had been 1:80, i.e. higher than what was used by
Deem et al. (2010), the occurrence rate would have continued to be
higher (21%) than what was found among the penguins in Galapagos
Island (2.3%).

Although Magdalena island is considered to be cat-free, there is very
frequently a human presence, consisting of researchers. The chances of
bringing sporulated T. gondii oocysts into this environment therefore
exists.

Our results from adult penguins were also 32% higher than the
occurrence rate of 28% found by Gennari et al. (2016a) among captive
S. magellanicus. However, 55% of the birds from their study were ju-
veniles, and all of those birds were caught on the Brazilian coast, having
originated from Argentina (primarily) and Falklands (secondarily) than
from Chile.

Magellanic penguins feed primarily on fish and squid, while crus-
taceans are of minor importance. All of these three components of
Magellanic penguins' diet vary in their proportions over consecutive
breeding seasons (Piitz et al., 2001).

Oocysts of T. gondii can sporulate and survive in seawater for several
months (Lindsay et al., 2003; Fayer et al., 2004). Marine mammals in
distinct groups (cetaceans, pinnipeds and sirenians) and waterfowl can
become infected through consumption of water containing the oocysts.
Cole et al. (2000) suggested that T. gondii oocysts from cat feces could
enter the marine environment and contaminate both the water and
many species of invertebrates, and that these could function as trans-
portation hosts to mammals and waterfowl. Lindsay et al. (2001) were
able to infect mice that were experimentally fed with T. gondii-con-
taminated oysters (Crassostrea virginica), and they proved that T. gondii
can survive for several months in these oysters (Lindsay et al., 2004).

Bigot-Clivot et al. (2016) proved that freshwater crustaceans can
bioaccumulate T. gondii oocysts, and crustaceans are part of penguins'
food chain. Massie et al. (2010) experimentally infected anchovies and
Pacific sardines with T. gondii oocysts and observed that migratory filter
feeders serve as biotic vectors for this parasite.

A study conducted solely on Magdalena Island during the breeding
season 1996/97 examined the stomach contents of Magellanic penguins
and found that these consisted exclusively of sprats (Sprattus fuegensis)
(Radl and Culik, 1999). Recently, in a study conducted in Golfo San
Jorge, Argentina, a total of 112 adult Magellanic penguins were flushed
and at least 15 prey taxa were found, including fish, cephalopods,
crustaceans and polychaetes (Yorio et al., 2017)

This was the first study to investigate anti-leptospiral antibodies in
penguins and, as in other studies that have analyzed the presence of
anti-Leptospira antibodies in birds in Latin America, all the penguins
were seronegative (Cordeiro et al., 1981; Everard et al., 1983 apud
Vieira et al., 2018). However, birds have already been identified as
renal carriers of Leptospira (Jobbins and Alexander, 2015), and marine
animals have also been identified through serological tests (Colegrove
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Table 1
Antigens of the genus Leptospira sp. used in the microscopic agglutination test, listed according to species, serogroup, serovar and strain.

Leptospira species Serogroup Serovar Strain

L. interrogans Australis Australis Ballico
Autumnalis Autumnalis Akyiami
Bataviae Bataviae Van Tienem
Australis Bratislava Jez Bratislava
Canicola Canicola Hond Utrecht IV
Icterohaemorrhagiae Copenhageni M-20
Icterohaemorrhagiae Icterohaemorrhagiae RGA
Sejroe Hardjoprajitno Hardjoprajitno
Hebdomadis Hebdomadis Hebdomadis
Pomona Pomona Pomona
Pyrogenes Pyrogenes Salinem
Djasiman Sentot Sentot

L. borgpetersenii Ballum Castellonis Castellon —3
Sejroe Hardjobovis Sponselee
Javanica Javanica VeldradtBataviae - 46
Tarassovi Tarassovi Perepelitsin
Celledoni Whitcombi Whitcombi

L. kirschneri Cynopteri Cynopteri 3522C
Grippotyphosa Grippotyphosa Moskva-V
Autumnalis Butembo Butembo

L. santarosai Sejroe Guaricura BOV- 6
Shermani Shermani 1342-K

L. noguchi Panama Panama CZ —-214

Table 2 vol. 36. pp. 19-32.

Frequency of occurrence of seropositive penguins (n = 57) presenting anti-
bodies against Toxoplasma gondii in the modified agglutination test (MAT),
according to titer.

Antibody titer N° positive %
20 32 56.1
40 13 22.8
80 8 14.1
160 2 35
320 2 3.5

et al., 2005) and molecular methods (Cameron et al., 2008).

The area where the penguins of the present study were caught is a
cold region, with a mean temperature of 4.7 °C (summer 10.5°C and
winter 1.1 °C), which could interfere with the prevalence of Leptospira
spp- (Jensen and Magnussen, 2016).

This was the first report of T. gondii seropositivity in free-living
Magellanic penguins (S. magellanicus) in Chile.

Conflict of interest
The authors do not have any conflict of interest.
Acknowledgements

To Roberto Fernandez and Ricardo Cid (CONAF) for their valuable
assistance during fieldwork in Magdalena Island. This study was funded
by (FAPESP (Fundacdo de Amparo a Pesquisa do Estado de Sao Paulo),
Brazil grant 2013/25303-6). M.B.H. and S.M.G. are in receipt of a fel-
lowship from CNPq (Conselho Nacional de Pesquisa), Brazil. This study
was financed in part by the Coordenacao de Aperfeicoamento de
Pessoal de Nivel Superior - Brasil (CAPES), Brazil - Finance Code 001.

References

Bigot-Clivot, A., Ladeiro, M.P., Lepoutre, A., Bastien, F., Bonnard, I., Dubey, J.P., Villena,
1., Aubert, D., Geffard, O., Francois, A., Geffard, A., 2016. Bioaccumulation of
Toxoplasma and Cryptosporidium by the freshwater crustacean Gammarus fossarum:
involvement in biomonitoring surveys and trophic transfer. Ecotoxicol. Environ. Saf.
133, 188-194.

Bingham, M., Herrmann, T.M., 2008. Magellanic penguin (Spheniscidae) monitoring re-
sults for Magdalena Island (Chile) 2000-2008. In: Anales Instituto Patagonia (Chile).

Boersma, D., Steinfurth, A., Merley, G., JiméNez-UzcaTegui, G., Vargas, H., Parker, P.,
2013. Galapagos Penguin (Spheniscus mendiculus). In: Garcia Borboroglu, P., Boersma,
D. (Eds.), Penguin Natural History and Conservation. University of Washington Press,
Seattle & London, pp. 284-302.

Calvert, R., Clay, R., Lascelles, B., Sharpe, C.J., Taylor, J., 2013. BirdLife International
Species Factsheet: Spheniscus magellanicus. http://www.birdlife.org (Access in: 20/
10/2017).

Cameron, C.E., Zuerner, R.L., Raverty, S., Colegrove, K.M., Norman, S.A., Lambourn,
D.M., Jeffries, S.J., Gulland, F.M., 2008. Detection of pathogenic Leptospira bacteria
in pinniped populations via PCR and identification of a source of transmission for
zoonotic leptospirosis in the marine environment. J. Clin. Microbiol. 46, 1728-1733.

Cole, R.A., Lindsay, D.S., Howe, D.K., Roderick, C.L., Dubey, J.P., Thomas, N.J., Baeten,
L.A., 2000. Biological and molecular characterization of Toxoplasma gondii strains
obtained from southern sea otters (Enhydra lutris nereis). J. Parasitol. 86, 526-530.

Colegrove, K.M., Lowenstine, L.J., Gulland, F.M., 2005. Leptospirosis in northern ele-
phant seals (Mirounga angustirostris) stranded along the California coast. J. Wildl. Dis.
41, 426-430.

Cordeiro, F., Sulzer, C.R., Ramos, A.A., 1981. Leptospira interrogans in several wildlife
species in southeast Brazil. Pesqui. Vet. Bras. 1, 19-29.

Deem, S.L., Merkel, J., Ballweber, L., Vargas, F.H., Cruz, M., Parker, P.G., 2010. Exposure
to Toxoplasma gondii in Galapagos penguins (Spheniscus mendiculus) and flightless
cormorants (Phalacrocorax harrisi) in the Galapagos Islands, Ecuador. J. Wildl. Dis.
46, 1005-1011.

Dubey, J.P., 2010. Toxoplasmosis of animals and humans, 2nd ed. CRC Press, Boca Raton,
Flérida, pp. 1-313.

Dubey, J.P., Desmonts, G., 1987. Serological responses of equids fed Toxoplasma gondii
oocysts. Equine Vet. J. 19, 337-339.

Dubey, J.P., Laurin, E., Kwok, O.C.H., 2016. Validation of the modified agglutination test
for detection of Toxoplasma gondii in free-range chickens by using cat and mouse
bioassay. Parasitology 143, 314-319.

Fayer, R., Dubey, J.P., Lindsay, D.S., 2004. Zoonotic protozoa: from land to sea. Trends
Parasitol. 20, 531-536.

Fleischman, R.W., Sladen, W.J.L., Melby, E.C., 1968. Malaria (Plasmodium elongaturn) in
captive African penguins (Spheniscus demersus). J. Am. Vet. Med. Assoc. 153,
928-935.

Gennari, S.M., Niemeyer, C., Catao-Dias, J.L., Soares, H.S., Acosta, I.C.L., Dias, R.A.,
Ribeiro, J.D., Lassalvia, C., Maracini, P., Kolesnikovas, C.K.M., Luis, F.S.P., Mayorga,
L.F.S.P., Dubey, J.P., 2016a. Survey of Toxoplasma gondii antibodies in magellanic
penguins (Spheniscus magellanicus Forster, 1781). J. Zoo. Wildl. Med. 47, 364-366.

Gennari, S.M., Niemeyer, C., Soares, H.S., Musso, C.M., Siqueira, G.C.C., Catao-Dias, J.L.,
Dias, R.A., Dubey, J.P., 2016b. Seroprevalence of Toxoplasma gondii in seabirds from
Abrolhos Archipelago, Brazil. Vet. Parasitol. 226, 50-52.

Graczyk, T.K., Brossy, J.J., Sanders, M.L., Dubey, J.P., Plos, A., Stoskopf, M.K., 1996.
Immunological survey of babesiosis (Babesia peircei) and toxoplasmosis in jackass
penguins in South Africa. Parasite 3 (4), 313-319.

Jensen, P.M., Magnussen, E., 2016. Is it too cold for Leptospira interrrogans transmission on
the Faroese Islands? Infect. Dis. (Lond). 48, 156-160.

Jobbins, S.E., Alexander, K.A., 2015. Evidence of Leptospira sp. infection among a di-
versity of African wildlife species: beyond the usual suspects. Trans. R. Soc. Trop.
Med. Hyg. 109, 349-351.

Lindsay, D.S., Phelps, K.K., Smith, S.A., Flick, G., Sumner, S.S., Dubey, J.P., 2001.
Removal of Toxoplasma gondii oocysts from sea water by eastern oysters (Crassostrea


http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0005
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0005
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0005
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0005
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0005
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0010
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0010
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0010
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0015
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0015
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0015
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0015
http://www.birdlife.org
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0025
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0025
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0025
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0025
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0030
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0030
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0030
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0035
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0035
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0035
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0040
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0040
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0045
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0045
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0045
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0045
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0050
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0050
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0055
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0055
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0060
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0060
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0060
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0070
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0070
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf2555
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf2555
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf2555
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0075
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0075
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0075
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0075
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0080
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0080
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0080
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0085
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0085
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0085
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0090
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0090
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0095
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0095
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0095
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0100
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0100

LC.L. Acosta, et al.

virginica). J. Eukaryot. Microbiol. 48, 1975-198S.

Lindsay, D.S., Collins, M.V., Mitchell, S.M., Cole, R.A., Flick, G.J., Wetch, C.N., Lindquist,
A., Dubey, J.P., 2003. Sporulation and survival of Toxoplasma gondii oocysts in sea-
water. J. Eukaryot. Microbiol. 50, 687-688.

Lindsay, D.S., Collins, M.V., Mitchell, S.M., Wetch, C.N., Rosypal, A.C., Flick, G.J., Zajac,
A.M., Lindquist, A., Dubey, J.P., 2004. Survival of toxoplasma gondii oocysts in
eastern oysters (Crassostrea virginica). J. Parasitol. 90, 1054-1057.

Mason, R.W., Hartley, W.J., Dubey, J.P., 1991. Lethal toxoplasmosis in a little penguin
(Eudyptula minor) from Tasmania. J. Parasitol. 77, 328.

Massie, G.N., Ware, M.W., Villegas, E.N., Black, M.W., 2010. Uptake and transmission of
Toxoplasma gondii oocysts by migratory, filter-feeding fish. Vet. Parasitol. 169,
296-303.

Ploeg, M., Ultee, T., Kik, M., 2011. Disseminated toxoplasmosis in black-footed penguins
(Spheniscus demersus). Avian Dis. 55, 701-703.

Piitz, K., Ingham, R.J., Smith, J.G., Croxall, J.P., 2001. Population trends, breeding suc-
cess and diet composition of gentoo Pygoscelis papua, magellanic Spheniscus

Veterinary Parasitology: Regional Studies and Reports 16 (2019) 100282

magellanicus and rockhopper Eudyptes chrysocome penguins in the Falkland Islands. A
review. Polar Biol. 24, 793-807.

Radl, A., Culik, B.,.M., 1999. Foraging behaviour and reproductive success in Magellanic
penguins (Spheniscus magellanicus): a comparative study of two colonies in southern
Chile. Mar. Biol. 133, 381-393.

Ratcliffe, H.L., Worth, M.D., 1951. Toxoplasmosis of captive wild birds and mammals.
Am. J. Pathol. 27, 655-667.

Vieira, A.S., Pinto, P.S., Lilenbaum, W., 2018. A systematic review of leptospirosis on wild
animals in Latin America. Trop. Anim. Health Prod. 50, 229-238.

World Organisation for Animal Health (OIE), 2012. World Organisation for Animal
Health (OIE). Manual of Diagnostic Tests and Vaccines for Terrestrial Animals, 7th
ed. World Organisation for Animal Health, Paris.

Yorio, P., Gonzalez-Zevallos, D., Gatto, A., Biagioni, O., Castillo, J., 2017. Relevance of
forage fish in the diet of Magellanic penguins breeding in northern Patagonia,
Argentina. Mar. Biol. Res. 13, 603-617.


http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0100
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0105
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0105
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0105
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0110
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0110
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0110
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0120
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0120
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0125
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0125
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0125
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0130
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0130
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0135
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0135
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0135
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0135
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0140
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0140
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0140
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0145
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0145
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0150
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0150
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0155
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0155
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0155
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0160
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0160
http://refhub.elsevier.com/S2405-9390(18)30109-6/rf0160

	Evaluation of antibodies against Toxoplasma gondii and Leptospira spp. in Magellanic penguins (Spheniscus magellanicus) on Magdalena Island, Chile
	Introduction
	Material and methods
	Results
	Discussion
	Conflict of interest
	Acknowledgements
	References




