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Abstract We genetically analysed haematozoa parasites
(Protozoa) isolated from nestling eagle owls (Bubo bubo) in
Toledo province, Central Spain. A total of 206 nestlings
from 74 nests were screened for parasites of the genera
Leucocytozoon, Plasmodium, and Haemoproteus using a
very efficient polymerase chain reaction (PCR) approach
that amplifies a partial segment of the mitochondrial
cytochrome b gene of these parasites. PCR-based detection
and sequence analyses revealed a unique lineage of
Leucocytozoon (EO1) parasitizing nestling eagle owls.
Ocular examination of blood smears identified these para-
sites as Leucocytozoon ziemanni, the only species deemed
valid in owls based on morphology. Preliminary phyloge-
netic analyses using homologous published sequences
isolated from other owl species suggest that L. ziemanni
constitutes a monophyletic clade that may be composed by
a complex of genetically differentiated cryptic species.

Introduction

Avian haematozoa of the genera Plasmodium, Haemopro-
teus, and Leucocytozoon comprise a group of vector-borne
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transmitted parasites that have extensively been used as
model organisms to study several aspects of host—parasite
ecology and evolution (Bensch et al. 2000, 2004; Hellgren
et al. 2008). In recent years, DNA sequencing has greatly
contributed to understand several aspects of this host—
parasite system, including relevant information on their
vectors and their interactions with hosts (Hellgren et al.
2008). Some studies have revealed that the number of avian
haematozoa species is much higher than previously thought
(Bensch et al. 2000, 2004; Waldenstrom et al. 2002) and
several species described based on morphology or host
range have been found to be constituted by a number of
independent evolutionary units with frequent host switching
(Bensch et al. 2000; Bensch et al. 2004). However, most
research has focused on the genera Plasmodium and
Haemoproteus and lower attention has been paid on the
sister genera Leucocytozoon (Hellgren et al. 2004, 2007,
2008; Hellgren 2005; Sehgal et al. 2006). The knowledge
of the genetic characteristics of these parasites is of great
interest to understand parasite virulence and distribution,
reservoirs and transmission routes, and potential patholog-
ical and differential consequences of cryptic lineages
(Ortego et al. 2008).

In eagle owls (Bubo bubo) and all other nocturnal
raptors, Leucocytozoon ziemanni is the only species of the
genus deemed valid based on morphological criteria
(Remple et al. 2004). Although some aspects on the
ecology of this host—parasite system have been recently
studied (Ortego and Espada 2007; Ortego et al. 2007a;
Penteriani et al. 2007), no information is available on the
genetic characteristics of this parasite. On the light of recent
evidence for cryptic speciation in several avian blood
parasites, leucocytozoids parasitizing eagle owls could be
constituted by a complex of genetically differentiated
linecages or even different good species that may be
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confined to a single host species or shared with other
Strigiformes (e.g. Bensch et al. 2004; Sehgal et al. 2000).
On the other hand, haematozoa of the genera Plasmodium
and Haemoproteus have been previously recorded infecting
adult eagle owls (Martinho and Canavilhas 2002) but, to
the best of our knowledge, they have never been found
parasitizing nestlings (Ortego and Espada 2007). Thus, it
may be that infections by these parasites are only acquired
later on life or they could have gone undetected in nestlings
if they occur at intensities of infection below the limit of
detection of traditional visual blood smear analyses
(Hellgren et al. 2004; Waldenstrom et al. 2004).

Here, we genetically characterise haematozoa parasitiz-
ing an eagle owl population from central Spain. For this
purpose, we screened 203 nestlings for parasites of the
genera Leucocytozoon, Plasmodium, and Haemoproteus
using a very efficient polymerase chain reaction (PCR)
approach that amplifies a partial segment of the mitochon-
drial cytochrome b gene of these parasites. Sequence
analyses allowed us identifying blood parasite lineages
infecting eagle owls and establishing the phylogenetic
relationships with isolates previously recovered from other
bird species.

Materials and methods

The study was conducted in Toledo province, central Spain
(39°47'N, 4°04'W; 400-900 m above sea level), in an area
covering 2,400 km” where we study a highly dense eagle
owl population (Ortego and Espada 2007). The climate is
meso-Mediterranean with mean temperatures ranging from
24-26°C in July to 4-6°C in January and 300—400 mm of
rainfall mainly concentrated in spring and autumn. During
2003-2005 breeding seasons we obtained blood samples
from 206 nestlings in 74 eagle owl nests. Nestlings were
individually marked with metallic rings for further identi-
fication and when they were 20-50 days old we obtained
blood samples (100 pl) by venipuncture of the brachial
vein. Blood was preserved in ~1,200 pl ethanol 96% at
—20°C.

We used NucleoSpin Tissue Kits (MACHEREY-
NAGEL®) to extract and purify total DNA from blood
samples. All nestlings were screened for infections using a
highly efficient nested PCR that amplifies a partial segment
of the mitochondrial cytochrome b of parasites of the
genera Leucocytozoon, Plasmodium, and Haemoproteus
(Hellgren et al. 2004). We used negative controls (i.c.
samples with ddH,O instead of genomic DNA as template)
and positive controls (i.e. DNA from individuals with
known infections) to ascertain that the outcome of each
PCR run was not affected by contamination (Hellgren et al.
2004). Further, negative infections were confirmed by
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repeated PCR. Positive or negative infections were scored
separating PCR products on 2% agarose gels. PCR products
from positive samples were purified using NucleoSpin
Extract II (MACHEREY-NAGEL®) kits and we bidirec-
tionally sequenced the fragments on an ABI 310 Genetic
Analyser (Applied Biosystems®).

Sequences were edited and aligned using the program
BioEdit (Hall 1999). The sequences determined from our
isolates were aligned against homologous sequences of
other haematozoa registered in the GenBank by Clustal W
multiple alignment program (Thompson et al. 1994). Then,
a phylogenetic tree was constructed in the program PAUP
4.0 using a maximum parsimony method (Swofford 1993).
The tree was rooted with a sequence from a primate malaria
species (GenBank accession number: AF069619).

We compared the estimates of prevalences based on the
PCR approach with ocular examinations of blood smears.
For this purpose, we smeared a drop of blood on two
individually marked microscope slides. Each smear was
rapidly air-dried, fixed with absolute ethanol and later
stained in the laboratory with Giemsa’s solution (1:10) for
45 min. At least 10,000 erythrocytes per slide were
examined at 1,000x magnification under oil immersion to
determine presence of blood parasites (Ortego and Espada
2007). Determination of prevalence was carried out by the
same person (F. Espada), who had no information about the
individual birds except ring number.

Results and discussion

Nestling eagle owls were only infected by leucocytozoids
and no infection by parasites of the genera Plasmodium and
Haemoproteus was detected. Among the individual nest-
lings from all the nests we found a prevalence of 52.71%
and 68.92% of the nests analysed had at least one infected
nestling, similar to previously described in our study
population (Ortego et al. 2007a). As found in previous
studies, the ability of microscope examinations to detect
infections by leucocytozoids was lower compared with the
nested PCR approach (Hellgren et al. 2004). On this
respect, all visually detected infections gave positive PCR
amplifications whereas only 83.17% of positive amplifica-
tions were also detected by ocular methods. The fact that no
individual was positive for Plasmodium/Haemoproteus
parasites may have resulted if the high intensities of
parasitemia by Leucocytozoon (up to 109 infected game-
tocytes/2,000 erythrocytes; Ortego et al. 2007a) take over
the PCR and this prevents amplification of the other genera
that may occur at lower intensities (Bensch et al. 2007). To
avoid this potential methodological problem, we also
screened all individuals for Plasmodium/Haemoproteus
parasites using another nested PCR approach that amplifies
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the same segment of the cytochrome b gene only in these
genera (Waldenstrom et al. 2004; see Ortego et al. 2007b
for detailed description), but again we found no single
individual infected. Thus, although Plasmodium/Haemo-
proteus parasites have been previously described infecting
adult eagle owls (Martinho and Canavilhas 2002), it may
occur that adequate vectors for parasite transmission are not
available during the chick development period and, thus,
infections would be only acquired latter on life. Another
possibility is that chicks become parasitised during the
nesting period but infections are not patent before fledgling
and, thus, these parasites may go undetected even using a
very efficient nested PCR approach.

Among 107 nestlings that were positive for Leucocyto-
zoon infections, we sequenced PCR products of the
mitochondrial cytochrome b gene of the parasite from 48
individuals sampled in 31 different nests. We identified a
unique lineage of Leucocytozoon (EOI1) parasitizing nes-
tling eagle owls. The sequence has been deposited in the
GenBank International Nucleotide Sequence Database with
accession number EU624137 (Fig. 1). Morphological
examinations of infections tentatively identified them as
L. ziemanni, the only species of the genus deemed valid in
owls based on morphological criteria. We compared the
sequence obtained from our samples with homologous
sequences of other Leucocytozoon lineages registered in the
GenBank, with particular attention to three lineages
previously isolated from other species of the family
Strigidae (Fig. 1). The sequence divergence between the

Fig. 1 Maximum parsimony
tree based on 478 bp partial
cytochrome b sequences of the
Leucocytozoon parasite infecting
eagle owls (underlined) and 18
published Leucocytozoon line-
ages as references. The tree was
rooted with a cytochrome b gene
sequence from one primate ma-
laria species (AF069619). Boot-
strap values are based on 1,000
replicates and are shown when
larger than 50. GenBank acces-
sion numbers and initial host
species for each isolate (in pa-
rentheses) are shown

lineage isolated from eagle owls (EO1) and those recovered
from other Strigidae ranged from 0.4% (corresponding to 2-
bp substitutions with an isolate from tawny owls, Strix
aluco, EF607285) to 4.18% (between EO1/EF607286) and
the corresponding value between the most divergent
isolates infecting Strigiformes was 4.39% (EF607285/
EF607286). Our preliminary phylogenetic analysis together
with information on sequence divergence suggests that L.
ziemanni constitutes a monophyletic clade that may be
composed by a complex of genetically differentiated cryptic
species (Fig. 1; Bensch et al. 2004; Hellgren et al. 2004;
Sehgal et al. 2006).

Overall, we have found that nestling eagle owls are
parasitised by a single lineage of Leucocytozoon, a
figure much smaller than previously found for other bird
species (e.g. Hellgren et al. 2004, 2007; Hellgren 2005;
Sehgal et al. 2006). The presence of a single blood
parasite lineage is likely to have reduced within-host
competition between genetically diverse parasites (de
Roode et al. 2005) and this may help to explain the scarce
virulence of leucocytozoids infecting nestling eagle owls
(Ortego and Espada 2007; Ortego et al. 2007a). Further,
the lineage described is phylogenetically close to isolates
previously recovered from other owl species and more
detailed genetic analysis of leucocytozoids parasitizing
owls, together with additional sequence information from
nuclear genes, will help to resolve their taxonomic status
and give valuable information on the evolution and host
specificity of these parasites.
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