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This is the first reported case of Babesia sp. in Antarctic penguins, specifically a population of Chinstrap
penguins (Pygoscelis antarctica) in the Vapour Col penguin rookery in Deception Island, South Shetlands,
Antarctica. We collected peripheral blood from 50 adult and 30 chick Chinstrap penguins. Examination
of the samples by microscopy showed intraerythrocytic forms morphologically similar to other avian
Babesia species in 12 Chinstrap penguin adults and seven chicks. The estimated parasitaemias ranged from
0.25 x 10-2%t0 0.75 x 10-2%. Despite the low number of parasites found in blood smears, semi-nested PCR

iﬂ;‘ﬁ?ﬁ; assays yielded a 274 bp fragment in 12 of the 19 positive blood samples found by microscopy. Sequencing
Babesia sp. revealed that the fragment was 97% similar to Babesia sp. 18S rRNA from Australian Little Penguins

(Eudyptula minor) confirming presence of the parasite. Parasite prevalence estimated by microscopy in
adults and chicks was higher (24% vs. 23.3%, respectively) than found by semi-nested PCR (16% vs. 13.3%
respectively). Although sampled penguins were apparently healthy, the effect of Babesia infection in these
penguins is unknown. The identification of Babesia sp. in Antarctic penguins is an important finding. Ixodes
uriae, as the only tick species present in the Antarctic Peninsula, is the key to understanding the natural
history of this parasite. Future work should address the transmission dynamics and pathogenicity of
Babesia sp. in Chinstrap penguin as well as in other penguin species, such as Gentoo penguin (Pygoscelis
papua) and Adélie penguin (Pygoscelis adeliae), present within the tick distribution range in the Antarctic
Peninsula.

Deception Island
Pygoscelis antarctica (Chinstrap penguin)
Vapour Col penguin rookery
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1. Introduction

The genus Babesia (Phylum Apicomplexa) comprises more than
100 species of tick-borne parasites that infect erythrocytes in a
wide variety of vertebrate hosts (Spielman et al., 1985). Several
species of Babesia are significant pathogens of veterinary and med-
ical importance. However, despite their prevalence in mammals,
there is little information concerning their incidence in avian hosts
(Schnittger et al., 2012). Currently, there are about 15 species of
birds from which Babesia spp. have been reported; four of these
are seabirds, two of which are penguins (Yabsley et al., 2009),
the Jackass penguin (Spheniscus demersus) and the Little Penguin
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(Eudiptula minor) (Earle et al., 1993; Peirce, 2000; Vanstreels et al.,
2015). The likely presence of Babesia spp. in Antarctic penguins has
not been given enough attention, probably due to the idea that no
suitable vectors, such as ticks, are present in this continent. There
are no previous data in the literature on Babesia in Antarctic birds
(Barbosa and Palacios, 2009). Although the presence of the tick
Ixodes uriae was known in Antarctica (Lee and Baust, 1982), its dis-
tribution and relative abundance was not established until very
recently (Barbosa et al., 2011), when it was shown to have wide
distribution along the Antarctic Peninsula. The presence of I. uriae
in the Antarctic Peninsula has now been recorded on King George
Island (62°15’ S 58°37' W), Livingston Island (62°39’ S 60°36' W and
62°40’S 61°13’ W), Deception Island (63°00’S 60°40’ W), Ronge
Island (64°40'S 62°40'W), Humble Island (64°46’S 64°06' W),
Doumer Island (64°51’ S 63°55’ W) and Petermann Island (65°11’S
64°10' W) (Barbosa et al., 2011).
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Considering this wider distribution of ticks and their potential
to transmit pathogens, it is expected that this Babesia sp. and other
tick-borne pathogens may be present in Antarctic penguins. The
focus of this study was to identify and report on the presence of
Babesia sp. in Antarctic penguins, specifically in a population of
Chinstrap penguins (Pygoscelis antarctica) in the Vapour Col pen-
guin rookery in Deception Island, South Shetlands, Antarctica.

2. Materials and methods

The study was conducted at the Vapour Col Chinstrap pen-
guin (P. antarctica) rookery on Deception Island, South Shetlands
(63°00’ S 60°40’ W), Antarctica, from December to January during
the austral summer of 2012-2013. In light of previous information
regarding the distribution of ticks in this colony (Barbosa et al.,
2011), we sampled randomly 50 adult Chinstrap penguins and 30
chicks in three sub-colonies where ticks were present. Sampling
was carried out during the guard phase in late December and early
January. Penguins were carefully captured by hand on the nest.
When adults were captured, the chicks were taken out of the nest
and kept safe from predation. After blood collection, adults and
chicks were replaced in the nest and adults were observed to imme-
diately resume care of their progeny. Blood samples were taken
from a foot vein with a heparinized capillary tube immediately
after capture. One drop of blood was then smeared on individually
marked microscope slides, air-dried and fixed in 96° ethanol for
5min. The remaining sample was later centrifuged at 12,000 rpm
for 10 min to separate plasma from red blood cells (RBCs), and
frozen at —20 °C until further analyses.

Blood smears were stained with Giemsa Stain Modified Solution
(Sigma-Aldrich, Missouri, USA) for 30 min and examined with an
Axioskop 2® microscope (Carl Zeiss, New York, USA) at a magni-
fication of 1000x under oil immersion. Each smear was examined
for 30 min for the presence of blood parasites. Nineteen smears
were considered positive and subsequently re-examined by count-
ing nearly 40,000 RBCs per slide using a DMI3000 B® microscope
(Leica, Wetzlar, Germany) and 60x magnification objective under
oil immersion. Images were taken with a digital camera using LAS
v4.0® software (Leica). Morphometric measurements of each form
were calculated using a screw micrometer calibrated against a
standard stage micrometer.

Packed RBCs from the positive blood samples were diluted
1:10 in Phosphate Buffered Saline and homogenized with
the TissueRuptor® (Qiagen, Valencia, USA). Genomic DNA was
isolated from 200l of each homogenized sample using
the QIAamp DNATissue Mini Kit® (Qiagen) and the QIAcube
robotic workstation (Qiagen), following to manufacturer’s instruc-
tions. Then, a 1873 bp product of the P. antarctica 185 rRNA
gene was amplified (GenBank accession no KP875235) using
four of the DNA samples and the eukaryotic 18S rRNA
gene primers 18SPF (5’AACCTGGTTGATCCTGCCAGT3') and 18SPR
(5TGATCCTTCTGCAGGTTCACC3’) (Medlin et al., 1988). To pre-
vent unspecific fragments being amplified, the 1873 bp from
the P. antarctica 18S rRNA gene was aligned, using ClustalW2,
with sequences from other Babesia spp. 18S rRNA genes
obtained from the GenBank database. Therefore, two specific
primers named BF10 (5’GGTGACCTAAACCCTCACCAG3') and BR12
(5’ATGCTGAAGTATTCAAGACAAAAGT3') were designed to amplify
a specific fragment of the Babesia spp. 18S rRNA gene by semi-
nested PCR. Then, packed RBCs from the 19 positive blood samples
were examined for Babesia sp. by semi-nested PCR. The first PCR
was performed using the primers BF10 and BabRLBR (Vanstreels
et al, 2015) in a 25pL final reaction volume of containing
200-500 ng of gDNA, 1x PCR buffer with 2 mM MgCl2 (Biotools
B&M Labs, Madrid, Spain), 200 uM of each deoxynucleoside

triphosphate (Biotools), 0.4 uM of each primer (Biotools) and 1 unit
of Taq polymerase (Biotools) with 1 cycle at 94°C for 5min, 35
cycles at 94°C for 30s, 55°C for 30s, 72°C for 30s, and 72°C for
10 min. The second PCR was carried out using 1 L of the first PCR
and the primers BF10-BR12 for the semi-nested amplification. The
reagents and conditions were the same as in the first PCR. DNA from
Babesia divergens (Bd Rouen 1986 strain) was used as a positive con-
troland included in all PCR tests. The amplified product was purified
using a QIAquick Gel Extraction Kit (Qiagen) and sequenced using
an ABI Prism 377 DNA sequencer (Applied Biosystems, Foster City
California).

Phylogenetic relationships of Babesia sequences obtained in the
present study were inferred by using 57 sequences of the Babesia
spp. and 4 sequences of Theileria spp. retrieved from GenBank.
These sequences and the Babesia sp. from P. antarctica were aligned
in ClustalX using the default settings. The resulting alignment was
checked and adjusted with Se-Al v2.0a11 (Rambaut, 2002). Conse-
quently, a matrix with the final alignment was generated.

Phylogenetic relationships for the matrix were performed using
MrBayes v3.1.2 (Ronquist and Huelsenbeck, 2003) for Bayesian
Inference (BI). Twenty million generations in two parallel runs were
performed, sampling trees at 2000 generation intervals. The first
25% of sampled trees were discarded, and the remaining trees were
used to calculate the posterior probabilities.

3. Results and discussion

Intraerythrocytic forms compatible with Babesia sp. were
observed in the peripheral blood of 12 Chinstrap penguin adults
and 7 chicks. The parasites were detected only inside the RBCs,
and usually in small numbers. There was one form for each par-
asitized cell which did not displace the nucleus of the RBC. The
estimated parasitaemias ranged from 0.25 x 10~2%t0 0.75 x 10~2%.
Hemozoin pigment was not detected within the forms. The spher-
ical, elongated and amoeboid forms observed were similar to the
rings previously described for the avian Babesia percei (Earle et al.,
1993), Babesia poelea (Work and Rameyer, 1997), Babesia uriae
(Yabsley et al., 2009), Babesia ugwidiensis (Peirce and Parsons, 2012)
and Babesia moshkovskii (Merino et al., 2002) piroplasms. These
forms had a pale cytoplasm that occasionally looked like a refrac-
tile vacuole. Spherical forms (n=17) were 1.59+0.39 wm with a
central cytoplasm and a single chromatin dot on one side, two dots
on different sides or chromatin spread around the parasite edge.
The elongated forms (n=15) having a diameter of 1.97 +£0.57 pm,
showed a chromatin dot in a distal position. Amoeboid shapes
(n=6) measuring 2.24 + 0.40 pm were less frequent, and showed
the chromatin spread around the periphery. The increasing size of
these amoeboid forms and their chromatin distribution may indi-
cate division of chromatin as described for B. percei (Earle et al.,
1993) and B. ugwidiensis (Peirce and Parsons, 2012). Although,
one possible tetrad precursor (3.48 pm of diameter) similar to
those described for B. ugwidiensis (Peirce and Parsons, 2012) was
observed at the periphery of the host cell (Fig. 1 and Supplementary
file S1). Further development of precursors into tetrad forms was
not detected. The prevalence of all these forms, at 24% and 23.3% did
not significantly differ between Chinstrap adults (12/50) and Chin-
strap chicks (7/30) (Chi-square test=0.004, p=0.94) respectively.
All forms were morphologically indistinguishable from Babesia spp.

Therefore, the 19 RBC samples, which showed intraerythrocytic
forms under microscopy, were tested by semi-nested PCR. A274 bp
fragment was amplified in 12 of the total of 19 samples. No DNA
amplification was detected for the Chinstrap penguin. A BLASTN
search (Zhang et al., 2000) revealed that the nucleotide sequences
of the amplified product were clearly assigned to Babesia spp. The
nucleotide sequencing (GenBank accession no. KT800053) showed
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Fig. 1. Intraerythrocytic Babesia sp. parasites in Chinstrap penguin RBCs. Photomicrograph of Babesia sp. merozoites from three Giemsa-stained thin blood smears of chinstrap
penguins from Deception Island, Antarctica. These three samples were also positive by semi-nested PCR. (A-B) rings. (C) Possible tetrad precursor. Bar=10 pm.

that the fragment was 97% similar to the Babesia sp. 185 rRNA
gene from Australian Little Penguins (Eudyptula minor) (GenBank
accession no. KP144323.1 and KP144322.1). The results of our phy-
logenetic analyses (Fig. 2) clearly indicate that the Babesia sequence

from Antarctic penguins is very close to a group of Babesia species
from seabirds (Little Penguin, Brown booby and Common guille-
mot) as supported by a high bootstrap value. Considering that most
Babesia spp. are host specific at the family or subfamily level (Peirce,

Babesia bennetti (DQ402155) Larus cachinnans
Babesia ovis (AY362829) Sheep
Babesia bovis (JX495403) Sheep
Babesia orientalis (HQ840969) Bubalus babalis
Babesia occultans (KP745626) Bobinae
Babesia crassa (KF034782) Haemaphysalis sulcata
_|—_Babesia major (JF802040) Bovinae
* Babesia bigemina SKF773727) Cervus elaphus
Babesia ovata (AY603400) Bovinae
_*l_— Babesia vitalii (JN880429) Canis familiaris
Babesia motasi (AY260179) Sheep
* —Babesia capreoli (KF773726) Capreolus capreolus
_L_r—Babesia divergens (JQ993417) Ixodes persulcatus
Babesia odocoilei (AY661510) Ovibos moschatus
Babesia kiwiensis (EF551335) Apteryx australis mantelli
* L — Babesia sp. (JX984667) Turdus falklandii
Babesia hongkongensis (JQ867356) Felis catus
* [ Babesia canis (KF112072) Canis familiaris

Babesia gibsoni (KF171473) Canis familiaris
Babesia microti (JX962779) Vulpes sp.

——————— Babesia caballi (AY534883) Equus caballus
Babesia sp. sKT800053) Pygoscelis antarctica
« |} Babesia sp. (KP144322) Eudyptula minor
Babesia sp. (KP144323) Eudyptula minor
Babesia poelea (DQ200887) Sula leucogaster
Babesia uriae &FJ717705 Uria aalge
Babesia SK KC754965) Sula leucogaster
Babesia sp. 27816) Homo sapiens
Babesia sp. (AY027815) Homo sapiens
Piroplasmida gen. sp. (AF158701) Homo sapiens
Babesia duncani (HQ289870) Homo sapiens
Piroplasmida gen. sp. (AF158700) Homo sapiens
[ Babesia sp. (KJ956783) Vulpes vulpes
Babesia sp. (KJ956782) Vulpes vulpes

*lL Bapesia sp. (KJ956781) Vulpes vulpes
Babesia sp. (KJ956780) Vulpes vulpes
Babesia sp. (KJ499477) Vulpes zerda
Babesia sp. (KJ499478) Vulpes pallida
Babesia conradae (AF158702) Canis familiaris
*1 Babesia lengau (KC790443) Felis catus

Babesia lengau (GQ411405) Acinonyx jubatus
Babesia sp. (KF270672) Hyaeninae
Uncultured Babesia (KM025199) Suricata suricatta
*1 Piroplasmida Igen. s(? (AF158709) Ovis canadensis

Babesia sp. (DQ320138) Odocoileus hemionus

Piroplasmida gen. sp. (AF158704) Homo sapiens
« | Piroplasmida gen. sp. (AF158703) Homo sapiens

Piroplasmida gen. sp. (AF158708) Ovis canadensis

Piroplasmida gen. sp. (AF158706) Odocoileus hemionus

Piroplasmida gen. sp. (AF158707) Dama dama

Piroplasmida gen. sp. (AF158705) Homo sapiens

* Babesia rodhaini (DQ641423) Murinae
* Babesia leo (AY452708) Felis catus
Babesia felis gAY452707) Felis catus

Theileria brachyuri (DQ437685) Macropodoidea
Theileria sp. (EF554394) Potorous gilbertii
Theileria brachyuri (DQ437684) Macropodoidea
I— Babesia behnkei (KJ908691) Dipodillus dasyurus
— Babesia vesperuginis (AJ871610) Pipistrellus sp.
—— Babesia equi (KT004408) Rhipicephalus bursa
lL———— Babesia bicornis (AF419313) Diceros bicornis
— Theileria bicornis (AF499604) Diceros bicornis

Fig. 2. Phylogenetic relationships of the 18S rDNA gene sequences of the studied Babesia lineages. Tree topology was inferred by Bayesian analyses. Stars mark clade supported
by bootstrap values higher than 0.95. Blue color shows Babesia found in bird hosts. (For interpretation of the references to colour in this figure legend, the reader is referred
to the web version of this article.)
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2000) and the higher distance between the Babesia in this study
and B. uriae and B. poelea, the Babesia in the Antarctic penguins is
potentially a new species.

Prevalence of Babesia sp. found by semi-nested PCR in P.
antarctica was 16% in adults (8/50) and 13.3% in chicks (4/30)
(chi-square test, X? = 0.08, p=0.78) which was lower than with
optical microscopy. These results could suggest the detection of
false positives by optical microscopy, but also that the outcome of
the semi-nested PCR could depend on the quality of the sample
DNA. However, as other authors have noted (Garamszegi, 2010),
the prevalence may differ between studies, not only due to dif-
ferent approaches used, but also because of natural variations in
the blood samples. Therefore, each methodology used in this study
provided estimated parasite prevalence with a certain amount of
error. Future studies, using a larger number of blood samples from
the penguin population, will be able to provide more reliable preva-
lence results.

Babesia spp. requires competent vertebrate and non-vertebrate
hosts to maintain transmission cycles (Homer et al., 2000), and the
primary vectors of Babesia are Ixodid ticks (Yabsley and Shock,
2013). It seems that ticks also act as vectors of avian Babesia
spp. (Earle et al., 1993). In particular, I. uriae transmit various
pathogenic agents (Nuttall et al., 1984; Olsen et al., 1995; Major
et al., 2009), which may have negative effects on seabird popula-
tions (Chastel et al., 1987). L. uriae is notably the only tick species
and potential vector of Babesia present along the Antarctic Penin-
sula (Barbosa and Palacios, 2009; Barbosa et al., 2011; McCoy et al.,
2013). These ticks also transmit Borrelia burgdorferi to penguins
(Barbosa, unpublished data). Other effects of ticks on the penguins
remain unknown and deserve more attention. Babesiosis could
affect host tissues and cause anemia (Yabsley et al., 2009), however,
sampled penguins were apparently healthy. The harsh environ-
mental conditions of the Antarctica Peninsula reduce the activity
of the Ixodes vector, which only has one meal per season (Frenot
et al., 2001). This activity is involved in the relationship between
the infected Ixodes vector, the Babesia sp. parasite and the low
parasitemia along with the absence of symptoms in its Chinstrap
penguin host. More research on the health of Chinstrap penguins
and Babesia sp. infection is warranted. Our morphological and
molecular results show that Babesia sp. was present in P. antarctica
RBCs. Semi-nested PCR is also in progress to find out the prevalence
of Babesia infection in this penguin population. Future research
will be focused on its pathogenicity of the Babesia sp., the possible
involvement of I. uriae as a vector and the transmission dynam-
ics of this pathogen in the Chinstrap and other penguin species,
such as Gentoo (Pygoscelis papua) and Adélie penguin (Pygoscelis
adeliae) present in the distribution range of ticks in the Antarctic
Peninsula.
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