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Haemoprofteus in barn and collared scops owls from Thailand
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The barn owl (BO) and the collared scops owl (CSO) are common nocturnal raptors throughout Thailand. Blood samples from 23 adult BOs
and 14 CSOs were collected and processed for complete blood cell counts and parasite morphological examinations. Two Haemoproteus-
positive samples were processed for ultrastructural observation. Polymerase chain reaction (PCR) analysis for a partial cytochrome b gene
(cyth) from Haemoproteus was performed in all samples. Haemoproteus presence detected by light microscopy was lower than that detected
by PCR (30.4% and 34.8%, respectively, in BO; and 50.0% and 78.6%, respectively, in CSO). Comparative hematology revealed that
Haemoproteus-positive BOs had higher mean cell hemoglobin concentration, total leukocyte, absolute heterophil, basophil, and monocyte
counts than Haemoproteus-negative BOs, but no significant differences between Haemoproteus-negative and -positive CSOs. Monocyte
ultrastructure analysis revealed a role in the elimination of gametocytes. Morphologically, the Haemoproteus in 3 BOs and 6 CSOs were
identified as H. noctuae, while that in 1 CSO was identified as H. syrnii. Phylogenetic analysis indicated the Haemoproteus spp. in 8 BOs
and 7 CSOs were not closely related to H. noctuae or H. syrnii, and the cyth of 2 CSOs was that of H. syrnii. These results should be useful

for study of Haemoproteus.
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Introduction

The barn owl (BO, Tjto alba, family Tytonidae) and collared
scops owl (CSO, Otus lettia, family Strigidae) are nocturnal
raptors of the order Strigiformes and are common in all parts of
Thailand [7]. Since 1992, both owl species have been protected
under the Wildlife Protection and Preservation Law. BOs were
the most common species of raptors submitted to the Kasetsart
University Raptor Rehabilitation Unit (KURRU) from 2008 to
2011 [14], and the BO is listed as a near-threatened species in
the Red Data of Thailand. Although the hematologic values in
BO have been reported [1], little is known about the hemoparasites
of these two owl species in Thailand.

Avian blood parasites cause infections of concern in wild
birds. Haemoproteus spp., a vector-borne parasite, is transmitted
by hippoboscid flies and biting midges [26]. Haemoproteus spp.
often does not result in clinical disease; however, hemolytic
anemia resulting in severe anemia in Harris hawks [19] and
juvenile snowy owls has been reported [20]. These hemoparasites
can cause disease in pigeons and quails, but low pathogenicity

has been observed in other avian species [5]. Nested cytochrome
b (cyth) polymerase chain reaction (PCR) analysis is widely
used to detect hemosporidian blood parasites in the peripheral
blood of birds [4,9,10,28], and molecular studies have
described a parasite diversity remarkably higher than
previously expected [29]. The cyth sequences of only three
species of Haemoproteus (H. noctuae, H. syrnii, and H.
ilanpapernai [12,26]) that infect owls in the order Strigiformes
have been reported in the GenBank database (National Center for
Biotechnology Information, USA) [4,12,13]. Paperna et al. [21]
reported H. noctuae morphometry in brown hawk owls (Ninox
scutulata) and collared owlets (Glaucidium brodiei) from
Malaysia and H. syrnii morphometry in N. scutulata and spotted
wood owls (Strix seloputo) from Singapore. However, there
were no reports describing Haemoproteus infections in BO and
CSO from Thailand, even in the Asia survey [11,21].

The purposes of this study were to determine the hematologic,
morphometric, and phylogenetic relationships, as well as the
ultrastructural characteristics, of Haemoproteus infecting the
BO and CSO submitted to KURRU. The hematozoa infections
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based on blood smear examination and PCR screening were
also compared.

Materials and Methods

Ethics statement

The present study was approved by the Institutional
Laboratory Animal Care and Use Committee of Kasetsart
University of Thailand (protocol No. ACKU 01560).

Sample collection, hematology, and morphological study

Blood samples were collected from 23 adult BOs (10 males
and 13 females) and 14 CSOs (6 males and 8 females) at
KURRU from May 2013 to February 2016. The owls were
clinically healthy, with a good body score, and were prepared
for release from KURRU. For sample collection, each owl was
physically restrained by using a net, and 1 mL of blood was
collected from the jugular or ulnar vein into an
ethylenediaminetetraacetic acid (EDTA)-containing tube, and
the sample was immediately stored at 4°C.

Blood smears were immediately prepared, air-dried, and
stained with Wright’s stain (an in-house preparation using Wright
eosin methylene blue and Giemsa’s azur eosin methylene blue;
Merck KGaA, Germany) for grading of blood parasite infection
and morphologic evaluation of red blood cells (RBCs). Each
smear was examined for 10 min at x400 magnification to detect
blood parasite infection. Infection intensity was estimated as a
percentage by counting the number of parasites per 10,000
RBCs at high magnification (x1,000). Leukocyte differential
counts were based on an average count of 200 cells by two
veterinary hematologists. Thrombocytes per 100 white blood
cells (WBCs; expressed as thrombocyte percentage) were also
counted.

Complete blood cell counts were obtained by using previously
described methods [23]. Briefly, packed cell volumes (PCV)
were determined by using a microhematocrit centrifuge at
10,000 x g for 5 min. Total RBC and WBC counts were
determined manually by using a counting chamber after the
blood had been diluted 200 times with Natt and Herrick’s
solution, as described previously [5,23]. A corrected WBC
count was calculated by applying the following formula: WBC
x 100/(100 + thrombocyte percentage). The hemoglobin
concentration was determined by the cyanmethemoglobin
method, in which free RBC nuclei were removed by
centrifugation before reading the absorbance. The mean cell
volume (MCV) and mean cell hemoglobin concentration (MCHC)
were calculated from the PCV, hemoglobin concentration, and
RBC count. Reticulocyte counts (aggregate and punctate) were
determined by staining with new methylene blue and using a
wet preparation. Total protein and fibrinogen concentrations
were determined by using a refractometer (Atago, Japan) and
the heat precipitation method for fibrinogen.
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A BX53 light microscope (Olympus, Japan) equipped with a
DP73 digital camera and cellSens Standard imaging software
(ver. 01.07; Olympus) was used to examine the stained smears.
Morphometry (width, length, area, number of pigment granules,
and nuclear displacement ratio [NDR] [2]) of 16 to 20
macrogametocytes was undertaken in each owl determined to
be positive for Haemoproteus by light microscopy. The NDR
was calculated according to the following formula: NDR =
2x/(x +y), where x and y were the width between the nucleus
and cell membrane with and without the gametocyte [2].
Morphometry (width, length, area, perimeter, and diameter) of
both Haemoproteus-infected and non-Haemoproteus-infected
RBCs was performed in 20 to 131 randomly selected RBCs.

Statistical analysis

The hematological results are presented as mean + SE values.
The Mann-Whitney U test was used to determine the statistical
significance of differences between Haemoproteus-negative
and -positive owls. Extreme morphometric values were
assessed by using scatter plots before exclusion from the data.
The data were examined for the presence of a normal distribution
by using the Shapiro-Wilk W test and the Kolmogorov-Smirnov
test. Descriptive statistics (mean and SD) were used to describe
the data. The length and width hematozoa data that had a normal
distribution were compared with previously reported data
(means and SD) [21] by using a two-sample #-test. The effect of
macrogametocytes on RBC parameters was assessed by using
one-way analysis of svariance (ANOVA). All statistical
analyses were performed by using NCSS 2007 (NCSS, USA).

Ultrastructural study

The EDTA-treated blood samples from 1 BO (KU71) and 1
CSO (KU222) were processed for transmission electron
microscopy by using standard methods, as previously described
[24]. Briefly, bufty coats were fixed with 2.5% glutaraldehyde,
post-fixed in 1% osmium tetroxide, dehydrated in an acetone
series, and embedded in Spurr’s epoxy resin. Ultrathin sections
stained with uranyl acetate and lead citrate were observed by
using an HT7700 transmission electron microscope (Hitachi,
Japan).

Molecular study

All EDTA blood samples were processed for genomic DNA
extraction by using a Blood Genomic DNA Extraction mini-kit
(Favorprep, Taiwan). Genomic DNA from each blood sample
was analyzed by using nested PCR to amplify a fragment of the
cytb gene from Haemoproteus spp., as described previously
[6,10]. Briefly, specific primers designated as HaemNF and
HaemNR?2 were used for primary PCR amplification by using
recombinant 7ag DNA polymerase (Invitrogen, USA). The
amplified primary PCR product was used as the template for
nested PCR. The amplicons were stained with GelStar (Lonza
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Japan, Japan), and subjected to 1.5% agarose gel electrophoresis.
The amplicons (426 base pairs [bp]) were agarose-gel purified
by using a Gel/PCR Purification mini-kit (Favorprep) and
sequenced by First BASE Laboratories (Malaysia). The
nucleotide sequences were analyzed by using BLAST and
BioEdit (ver. 7.1.9) [8].

For multiple alignment and phylogenic tree generation, we
included 8 BO and 11 CSO sequences and 18 mitochondrial
cyth gene sequences of avian Haemoproteus spp. obtained
from GenBank. One lineage of Leucocytozoon spp. SPOW2
(EU627825) was used as an out-group. All sequences were
aligned and grouped. To estimate evolutionary distances,
phylogenetic analysis of 346 bp of the cyth gene was performed
by using the neighbor-joining method in the MEGAS program
[25] and the Kimura two-parameter model [15]. To assess tree
topology, 1,000 cycles of bootstrap resampling were
implemented.

For comparison of amino acid sequences, residues 1259-
1373 of the cyth protein were aligned by using Clustal W.
Amino acid positions were compared with the complete cytd
protein sequence of H. columbae (NC 012448).

Results

Hematology, light microscopy, and ultrastructural morphology

Haemoproteus gametocytes were found in blood smears of 7
BOs (30.4%; panels A and B in Fig. 1) and 7 CSOs (50%; panels
C-F in Fig. 1). In general, less than 0.1% infected RBCs were
found, except for CSO KU222, which had a 2% RBC infection
rate (panel E in Fig. 1). Hematology revealed significantly

Fig. 1. Light micrographs of Haemoproteus noctuae gametocytes
from 2 barn owls (A: KU120 and B: KU132) and 2 collared scops
owls (C and D: KU181 and E: KU222) and Haemoproteus syrnii
gametocytes from KU127 collared scops owl (F). (A and C)
Halteridial-shaped microgametocytes. (B) Banana-shaped
microgametocyte. (D) Circumnuclear macrogametocyte. (E)
Extra-erythrocyte round (arrow) macrogametocyte. (F) Banana-
shaped macrogametocyte. Wright's stain. Scale bars = 10 um (A-
F).
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lower MCHC, total leukocyte, absolute heterophil, basophil,
and monocyte counts in Haemoproteus-negative than in
Haemoproteus-positive BOs (Table 1). In contrast, for CSOs,
there were no significant differences detected between the
Haemoproteus-negative and -positive owls (Table 2). BOs had
higher MCV than those of CSOs (Tables 1 and 2).

The Haemoproteus gametocytes displayed halteridial (almost
completely encircling the nucleus of infected RBCs; panels A
and C in Fig. 1) or banana (panels B and F in Fig. 1) shapes.
Some mature gametocytes (CSO KU181) completely encircled
the nuclei of the infected RBCs (circumnuclear; panel D in Fig.
1) but did not laterally displace any nuclei. Extra-erythrocyte
rounded gametocytes (panel E in Fig. 1) were frequently
observed in all owls except CSO KU127, which showed only
banana-shaped gametocytes (panel F in Fig. 1). The cytoplasm
of the gametocytes contained grouped or scattered yellow-brown-
to dark-pigmented granules (Fig. 1), with different average

Table 1. Comparative hematology between the Haemoproteus-
negative and -positive barn owls

Haemoproteus- Haemoproteus-

Parameter negative owls  positive owls
(n = 15) (n = 8)
Packed cell volume (L/L) 0.38 + 0.01 0.38 + 0.01
Hemoglobin (g/L) 1245 + 40 133.8 +4.3
Red blood cells (x 10"%/L) 2.34 £ 0.09 2.35 + 0.15
Mean cell volume (fL) 165 + 6 164 + 7
Mean cell hemoglobin 326 + 0.1% 354 + 0.4F

concentration (g/dL)
Leukocytes (x 10%/L)
Absolute differential count

16.18 + 1.72% 24.42 + 2.68*

Heterophils (x 107/L) 7.88 + 0.79%12.40 + 1.52*
Eosinophils (x 10%/L) 1.52 + 0.23 2.01 + 0.48
Basophils (x 10%/L) 0.32 + 0.05* 0.52 + 0.08"
Lymphocytes (x 10°/L) 5.46 + 0.67 7.68 + 1.03
Monocytes (x 10°/L) 1.02 + 0.29% 1.69 + 1.18*
Relative differential count
Heterophils (%) 49.6 + 2.2 51.2 + 3.8
Eosinophils (%) 9.7 + 1.2 8.0 + 1.2
Basophils (%) 2.1+ 0.3 2.1 +0.2
Lymphocytes (%) 333 +£20 31.1+3.0
Monocytes (%) 55+ 1.2 73+ 1.3
Heterophil:lymphocyte ratio 1.5 1.6
Plasma protein (g/L) 420+ 1.3 435+ 1.6
Fibrinogen (g/L) 2.9 + 0.5 23 +04
Thrombocytes (/100 WBC) 137 + 12 140 + 16
Aggregate reticulocytes (%) 32.6 £ 5.6 18.1 + 2.9
Punctate reticulocytes (%) 44.8 + 3.7 46.9 + 6.2

Data are presented as mean + SE or ratio. WBC, white blood cell.

*Significantly different at p < 0.05.



Table 2. Comparative hematology between Haemoproteus-
negative and -positive collared scops owls

Haemoproteus- Haemoproteus-

Parameter negative owls  positive owls
(n =3) (n=11)
Packed cell volume (L/L) 0.34 + 0.02 0.37 + 0.01
Hemoglobin (g/L) 112.4 + 8.2 120.0 + 3.2
Red blood cells (x 10'%/L) 2.41 + 0.18 2.51 + 0.06
Mean cell volume (fL) 140 + 6 146 + 5
Mean cell hemoglobin 332+ 06 329+ 0.6
concentration (g/dL)
Leukocytes (x10%L) 15.50 + 0.68 17.20 + 1.59
Absolute differential count
Heterophils (x 10”/L) 6.02 + 1.16  5.52 + 0.52
Eosinophils (x10%/L) 217 £ 017  2.19 + 0.41
Basophils (x 10%/L) 0.39 + 0.02 0.37 + 0.05
Lymphocytes (x 10%/L) 5.54 + 1.55 7.62 + 1.10
Monocytes (x10%/L) 1.31 + 0.15 1.44 + 0.20
Relative differential count
Heterophils (%) 39.2 + 8.2 334 +29
Eosinophils (%) 14.0 + 0.9 11.9 + 1.7
Basophils (%) 2.5+ 0.0 23 +0.3
Lymphocytes (%) 35,5+ 9.5 435 + 3.1
Monocytes (%) 8.5+ 0.9 8.6 + 1.0
Heterophil:lymphocyte ratio 1.2 0.8
Plasma protein (g/L) 54.7 + 2.9 574 +1.3
Fibrinogen (g/L) 1.3 + 0.3 1.92 + 0.2
Thrombocytes (/100 WBC) 194 + 33 167 + 14
Aggregate reticulocytes (%) 29.2 + 8.2 244 + 2.5
Punctate reticulocytes (%) 573+ 12.8 554 + 5.1

Data are presented as mean + SE or ratio. WBC, white blood cell.
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numbers of granules per parasite (Tables 3 and 4). The
Haemoproteus isolates in 3 BOs and 6 CSOs were identified as
H. noctuae (Table 3) according to the morphology of the mature
gametocytes, which were circumnuclear or halteridial shaped,
represented over 90% of the total number mature gametocytes,
and had NDR greater than 0.7 average. However, circumnuclear
gametocytes were not detected in CSO KU127; although the
NDR was greater than 0.7, this isolate was identified as H. syrnii
(Table 4).

Ultrastructurally, gametocytes were enclosed in a
parasitophorous vacuole bounded by a continuous membrane
formed from the plasmalemma of the host cell (panels A and B
in Fig. 2). The cavity of the parasitophorous vacuole was not
clearly pronounced. Growing gametocytes did not touch the
nuclei or cell membrane of the infected RBCs (panels A and B
in Fig. 2). The gametocyte cytoplasm contained a nucleus
(panels B and C in Fig. 2) and numerous organelles, such as
ribosomes (panels B and C in Fig. 2), mitochondria, homogeneous
dense or osmiophilic bodies (panels A and B in Fig. 2) and
clearly identifiable pigment granules (Fig. 2). Extra-erythrocytic
macro- and microgametocytes were delineated (panel C in Fig.
2), and evidence of monocyte-engulfing gametocytes was
observed in CSO KU222 (panel D in Fig. 2).

Morphometric analysis

Results of morphometric analysis of the gametocytes in each
group of owls were slightly different (Tables 3 and 4). Only the
average length of the halteridial-shaped Haemoproteus in 3
BOs was significantly greater than that in 5 CSOs, but they were
significantly shorter than that reported for H. noctuae [21]
(Table 3). The circumnuclear-shaped gametocytes in 3 BOs
also exhibited a significantly shorter length than that reported

Table 3. Comparative morphometry of macrogametocytes of Haemoproteus noctuae in barn and collared scops owls compared with
that reported for H. noctuae in brown hawk owl from Singapore and collared owlet from Malaysia [21]

Macrogametocytes Barn owls Collared scops owls H. noctuae [21]
Halteridial shaped (n) 36 114 9
Length (um) 15.7 + 2.7° 13.6 + 1.9° 18.8 + 2.4°
Width (um) 2.5 + 0.3 24 + 0.4 2.4 + 03
Area (um?) 34.1 + 4.7 35.0 + 4.7 ND
No. of granules 13.1 + 2.8° 153 + 3.4° ND
NDR 0.86 + 0.03 0.85 + 0.11 0.87 + 0.06
Circumnuclear shaped (n) 20 6
Length (um) 204 + 2.5° ND 25.1 + 1.28"
Width (um) 25+ 04 ND 24 + 438
Area (um?) 443 + 53 ND ND
No. of granules 15.2 + 2.5 ND ND
NDR 0.91 + 0.08 ND 0.87 + 0.06

Data are presented as mean + SD. NDR = 2x/(x + y), where x and y were the width between the nucleus and cell membrane with and without the
gametocyte. NDR, nuclear displacement ratio; ND, no data. *eDifferent letters in the same row indicate significant differences between groups atp < 0.05.
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Table 4. Morphometry of Haemoproteus syrnii macrogametocytes
in KU127 collared scops owl compared with H. syrnii in spotted

wood owl
Parameter Collared Spotted

scops owl wood owl [21]

No. of macrogametocytes 16 7

Length (um) 9.7 + 0.7 8.2+ 0.62%

Width (um) 22+ 01% 354+ 1.12%

Area (Lm?) 20.5 + 0.8 ND

No. of granules 9.3 + 1.0 ND

NDR 0.79 + 0.14 0.63 + 0.16

Data are presented as mean + SD. NDR = 2x/(x + y), where x and y were
the width between the nucleus and cell membrane with and without the
gametocyte. NDR, nuclear displacement ratio; ND, no data. *Significant
difference from H. syrnii in spotted wood owl at p < 0.05.

for H. noctuae [21] (Table 3). The macrogametocytes of
Haemoproteus in CSO KUI127 were longer but slightly
narrower than that in the reference data (Table 4), and molecular
study revealed that they were closely related to H. syrnii
obtained from spotted wood owls [21] (Figs. 3 and 4).

In BO individuals, H. noctuae halteridial gametocyte-infected
RBCs showed significantly greater length, width, and area than
those of non-infected RBCs, whereas the nuclei length in
infected RBCs was significantly shorter than that in non-infected
RBCs (Table 5). The nuclei of circumnuclear gametocyte-infected
RBCs were smaller in length and area, but the length and area of
the infected RBCs were larger than those of non-infected RBCs
(Table 5). The infected nuclei were more condensed than
non-infected nuclei (Fig. 1).

In CSOs, H. noctuae-infected RBCs were significantly greater
in length and area, but smaller in nuclei length and area of the
nucleus than those of non-infected RBCs (Table 5). Only the
area of H. syrnii-infected RBCs was significantly lesser than
that in non-infected RBCs (Table 5). None of the Haemoproteus
gametocytes displaced the host nuclei (NDR > 0.7). The
non-infected RBCs in BO had a greater area than those in CSO
(Table 5), which correlated with the larger MCV in BO (Tables
1 and 2).

Molecular study

We detected fewer Haemoproteus infections by using light
microscopy than by PCR analysis (30.4% vs. 34.8% in BO and
50.0% vs. 78.6% in CSO). Samples from 1 BO and 4 CSOs that
were PCR-positive but microscopy-negative were re-examined
microscopically by two hematologists screening two entire
blood smears from each individual owl. They were all confirmed
to be Haemoproteus-negative.

The phylogenic tree of 19 partial cytb gene sequences from 8
BOs and 11 CSOs (Fig. 3) revealed that all partial Haemoproteus
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Fig. 2. Transmission electron micrographs of Haemoproteus
noctuae gametocytes in KU71 barn owl (A and B) and KU222
collared scops owl (C and D). (A) Circumnuclear gametocyte in
red blood cell (RBC) showing parasitophorous vacuole membrane,
homogeneous dense or osmiophilic bodies, and pigment
granules (arrows). (B) Halteridial gametocyte in RBC showing
nucleus and one pigment granule (arrow). Parasitophorous
vacuole membrane of growing gametocytes did not touch the
nuclei or cell membrane of infected RBC. (C) Free macro- (lower
left) and micro- (upper right) gametocytes showing the nucleus
and pigment granules (arrows) in microgametocyte. (D) Monocyte
containing a phagocytized gametocyte with pigment granules
(arrows). The monocyte contained many mitochondria near the
phagocytized parasite. Uranyl acetate and lead citrate stains
used for all specimens. Scale bars = 1 um (A, C, and D), 0.5 um
(B). *Nucleus. "Monocyte. *Mitochondria.

cytb genes in this study were grouped in a monophyletic group
with a 94% bootstrap value. The Haemoproteus isolates from 8
BOs (KU71, -86, -112, -120, -132, -200, -202, and -203) and 4
CSOs (KU284, -163, -248, and -250) were similar to H. noctuae
hCIRCUMO1 (KP794612) isolated from Asio otus in Russia
(96.2%). The Haemoproteus isolates from 5 CSOs (KU181,
-222, -226, -259, and -318) were very similar to H. noctuae
hCIRCUMO1, with 98% similarity. H. noctuae (KP794612)
and H. syrnii (KP794611) formed a small clade, suggesting that
they were closely related. Similarly, 2 H. syrnii (KF279523 and
EF607209) were observed to be closely related.

The Haemoproteus isolate from KU234 CSO was similar
(96.5%) to H. syrnii (EF607290; Fig. 3), whereas the
Haemoproteus in KU127 CSO was identical to H. syrnii in
tawny owls, Strix aluco, from Russia (KP794611), and was
closely related (99.4%) to H. syrnii isolated from Eurasian
scops owls, Otus scops, in Bulgaria (KP451480).



94

285

Haemoproteus in barn and collared scops owls

Haemoproteus sp. KU71 (KU528634)
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Fig. 3. Phylogenetic tree based on partial cytochrome b gene (346 bp) sequences of Haemoproteus from 8 barn owls (®) and 11 collared
scops owls (0) from Thailand. The sequences in bold were obtained in the present study. Numbers on the branches indicate the percent

of replicates that reproduced the topology for each clade.

Haemoproteus isolates in our study formed one large cluster
and were different from those infecting other avian species
(isolated from Passeriformes, Suliformes, and Columbiformes
birds), which showed that the genetic distance ranged from
3.8% to 13.6%. The Haemoproteus majoris in passerine birds
(AF254972 and AF254977) were distant from the studied
Haemoproteus, with 93.9% to 96.2% genetic similarity (Fig. 3).
However, the types of Haemoproteus described in our study
were all more closely related to each other than to H. majoris.

Comparison of amino acid sequences of the cyth protein
revealed specific consensus residues for the studied Haemoproteus
groups (Fig. 4). Alanine was conserved at residue 1288 of
Haemoproteus in KU234 CSO. Methionine was located at
residue 1288 of the Haemoproteus isolates from the other 5
CSOs (KU181, -222, -226, -318, and -259). Two isoleucines
and 1 threonine were conserved at residues 1264, 1281, and
1282 of the Haemoproteus infecting 8 BOs (KU71, -86, -112,
-120, -132, -200, -202, and -203) and 4 CSOs (KU 163, -248,
-250, and -284).

Discussion

To our knowledge, this is the first study to record
Haemoproteus in BO and CSO in Thailand based on optical
microscopy and molecular studies. The higher MCHC in
Haemoproteus-positive BOs may due to the hemolysis of
infected RBCs, but this result was not observed in CSOs; that
difference might be due to the low number (only 3 owls) of
Haemoproteus-negative owls compared to 11 Haemoproteus-
positive CSOs. The higher total leukocyte, absolute heterophil,
basophil, and monocyte counts in Haemoproteus-positive BOs
may be due to active Haemoproteus elimination functions in
this species of owl. Haemoproteus is generally considered
nonpathogenic in raptors; however, there have been reports of
fatalities in owls [22]. The increased leukocyte counts in BO
supports the greater pathogenicity of Haemoproteus. The
erythrocyte parameters (PCV, MCV, and MCHC) in
Haemoproteus-negative BO in the present study were less than
those reported from BO (n=21) in the USA [1], which might be
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| 12|68 | 12|78 | 12|88 | 12|98 | 13|08 | 13I18 | 13|28 | 13|38
H. symii (KJ451480)  FVFILTYLHILRGLNYSYSYLPLSWITGLI IFLIS| | TAFMGYVLPWGOMSFWGAT VITNLLYF I PGLVSWICGGYNISD
H. syrnii (KP794611)  svseeeseereseneseensssanasoonncannss Vo ootosssesororsrsosssrssososssosesesosonenens
KUT27 === seeeeessesesesosessscscsosonesccnnns Vo ootesasesoronssooootosasasososescsosoneness
H. symii (KF279523)  =+sseeeeeenacesecnananaaccnans Teeevee) ooooootososssososcsssscscsososssssososascsse
H. syrii (EF607290) = ++ssseeeeeaesecaanaaaaccnans Teeoses Vo teteseseserensssosotoseseseroscscicnesenene
KU234 === eseesesesescscsessscccccsoveslAlecens Ve eooseetoaoonecsosassossccsssonncssssannness
H. noctuae (KP794612) =+ +ssseeeeeaareeecnecaesasocasananns Vo totesesesorsonsrsossstosososssosesesosoneness
KU284 R N R RN I TR Y Vo oeseaerteroooossssasatossasasiotosccscsnnne
KU71 [feceeeeeeaeanana[Theoooooaannn Ve oeseaenanaacaaesoasetocscnessasoannannnnnns
KU86 [fecceccsccccsone[Thoooosooosne Ve oooeaersoroooossssosetosssssssosescosnsnene
KU112 [feocecesccccsoncf[Thoooosooosne Vo oooecorsoersoosossssesetosssssssosescnsnonene
KU120 [fecceccsccccaane[Thoooosoaosne Ve oeseaersersoosossssaseiosssscsiososccsscnnene
KU132 [feocecescccccone[Thoooosooasae Vo oooesorsenoosossssosetosssssssososcsnsnonnns
KU200 [feocecesccccsone[Thoooooooosne Ve oooeaorsoaroosossssosetosssssssososcosnsnens
KU202 [feoceccsccccscne[Thoooosooosne Ve oooeaosorsoooossssesetosssssssoscscossnsnene
KU203 [fecccccsccccaane][Thooooooannns Vo oeseaetesoooocsssateisasasasiotosccscsnnne
KU163 [feceeeeneneanana[Theoooooaanns Vo sooaaaoaeaeaaacaaaaaaaaanaaaaaasaaanaaannns
KU250 [eeeeeenenennanaTheooooaaannn Vo sooaaaaeaaaaacaaaaaaeanaaaaanasaaaaaaaaans
KU248 [feocecesccccosonef[Thoooosooasae Ve oooesorsonoosossssosetosssssssosescssnonene
KU222 = eeesesesesescrsscscccccsoroab\focccs Vo oooesorseroosossssosotosssssssososcosnnnens
KU226 = esesesssescscssssscscccsosoab\feocccs Ve oooesororooooosssosotosssscssososcnsnsnens
KU318 = esesesesescscsessscscsccoscab\focccs Ve oooeaorsoroooossssosetosssssssoscsccsnsnene
KU259 = esesesesescscsessscscscsosocab\focces Ve oooecersonoooossssesetosssssstoscscnsnenene

| 13|48 13|58 13|68 |
H. symii (KJ451480)  PTLKRFFVLHF IFPFIALCIVFIHIFFLHLQGSSN
H. syrnii (KP794B11) e veeeeeeeneeetenceieteseansnananens
KUT27 =~ eeeeeeeeececesesasceasasasanasanans
H. symnii (KF279523)  eseeeos|ocesssosssuosnssssssserossss
H. symnii (EF607290) =+ = =» s+ [eoooenosncasonsnonsoasacass
KU234 = eeesesesescsens Veoooooosososarsasane
H. noctuae (KP794612) ............... Veeoeooooeosooesoonsns
KU284 I N R R TR T R TR ae
KU71  eeeteietenanans Veoooooararonananans
KU86 = esessssecscaons Veooeooonososasonans
KU112 = esessssesscacns Veoeooooasnooanonnss
KU120 B R R R L R T X TR TN
KU132 = esessssecsccnns Voeoeooooaononanoenss
KU200 = esessssesscacns Veoeosooasnonanoaass
KU202 = eeesesesesesens Veoooooasasosarsasane
KU203 = eeeeeeeeenenans Veoooooasoronenanana
KU163 0 eeeeececenanans Veoooooararonananans
KU250 = esessssecscacns Veooeooonosoaasonans
KU248 = eeesesesescsens Veoooooesososarsasane
KU181 B Y R R T T T ae
KU222 I N R TR T R T TR
KU226 = esessssesscacns Veoeosooasnonanonass
KU318 = eeesesesescsens Veoooooasasosarsasane
KU259 = eeiesesesesasans Veoooosatarasasanane

Fig. 4. Comparison of partial amino acid sequences of the cytochro
sequences obtained from Haemoproteus-infected owls. These a

me b (cytb) region inferred from previous reports and our nucleotide
mino acids were located on 1259-1373 residues of cytb protein

compared with the complete genome of cytb gene of Haemoproteus columbae (NC 012448). Haemoproteus spp. in our study showed
specific amino acids (isoleucine at the 1264 and 1281 positions, threonine at the 1282 position, alanine at the 1288 position [only in

collared scops owl KU234], and methionine at the 1288 position

due to different climates and/or different water intake of the
owls.

Both halteridial and circumnuclear gametocyte-infected
RBCs were larger than non-infected RBCs due to loading of the
parasite in the cytoplasm of the RBCs. The reduction in length
of nuclei of infected RBCs in both BOs and CSOs may be a
pathologic effect in which infected nuclei are more condensed
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than non-infected nuclei. The lengths of Haemoproteus halteridial
gametocytes from CSOs were smaller than those from BOs,
although the phylogenetic analysis revealed that they were the
same Haemoproteus species. This might be due to the larger
size of RBCs in BOs than in CSOs. The shorter width but longer
length of H. syrnii gametocytes in KU127 CSO compared to
that in spotted wood owls [21] might also be due to a RBC size
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Table 5. Effect of Haemoproteus gametocytes on RBCs and nuclei in barn and collared scops owls

Parameter Non-infected RBCs Infected RBCs

Barn owls (n = 56) (n = 36)* (n =20
Length of RBC nuclei (um) 6.5 + 0.5° 6.1 + 0.5 6.0 + 0.5
Width of RBC nuclei (um) 2.3 +0.2 23 +0.3 2.2 +0.2
Area of RBC nuclei (um?) 12.8 + 1.8° 12.0+1.2® 1.4+ 1.2°
Length of RBC (um) 13.5 + 0.7° 14.2 + 0.8 14.8 + 0.7°
Width of RBC (um) 7.1 + 0.5 73 +0.4° 74+ 0.7
Area of RBC (um?) 77.7 + 7.7° 85.9 + 7.4° 89.7 + 9.0°
NDR - 0.9 + 0.1 0.9 + 0.1

Collared scops owls (n =131) (n = 115)* (n=16)°
Length of RBC nuclei (um) 6.1+ 0.5 56 + 0.5 6.0 + 0.5°
Width of RBC nuclei (um) 26 +0.3 26 + 0.2 2.5+ 0.2
Area of RBC nuclei (um?) 13.9 + 1.7° 129 + 1.4° 13.0 + 1.2°
Length of RBC (um) 12.4 + 0.7° 13.1 + 0.9° 12.3 + 0.6°
Width of RBC (um) 7.2 + 0.4 7.2 + 0.4 7.0 + 0.3
Area of RBC (um?) 72.1 + 6.2° 77.5 + 5.6° 70.4 + 3.8°
NDR - 0.8 + 0.1 0.8 + 0.1

Data are presented as mean + SD. NDR = 2x/(x + y), where x and y were the width between the nucleus and cell membrane with and without the
gametocyte. RBCs, red blood cells; NDR, nuclear displacement ratio. *H. noctuae, halteridial gametocytes. 'H. noctuae, circumnuclear gametocytes. *H.
noctuae. SH. syrnii. *Djfferent letters in the same row indicate significantly differences between groups at p < 0.05.

difference in spotted wood owls, but we have no data on spotted
wood owl RBC:s to support this hypothesis. The high-resolution
images obtained from computerized image analysis yielded
better parameter values than those from conventional microscopy.
Therefore, the morphometric values of Haemoproteus gametocytes
might also be slightly different when obtained by different
instruments or from different avian RBCs; regardless,
morphological characteristics remain a gold standard for use in
species identification of Haemoproteus [26]. We speculated
that the identification of parasites via morphometry was
difficult in Haemoproteus species.

The greater number of Haemoproteus-positive owls detected
by PCR methodology supported the suggestion of a higher
sensitivity of molecular techniques compared with that from
conventional microscopic examination in low parasitemia
cases [28]. However, some same authors [27] and the other
authors [ 18] have reported similar prevalences of hemosporidian
parasites obtained from microscopy and PCR analysis.
Nonetheless, blood smear examination is relatively inexpensive
and provides valuable information. Thus, such examination is
still suitable for field studies of parasites [5], comparative
analysis [27], and molecular barcoding [29]. Demonstration of
gametocytes in thin blood films remains a gold standard method
for diagnosis [22] and species classification [3,26]. PCR-based
information should be supported by observation of the blood
stage of the parasite [28]. Because the majority of natural
Haemoproteus infections are low and are difficult to identify at
the species level using only morphological features, the

development of new molecular markers is essential for future
research [29].

H. syrnii showed the highest infection prevalence (22%) in
tawny owl from Germany [17], although in our study H.
noctuae was the most prevalent in both BO and CSO. These
differences may be due to differences in the geographical
distribution of hematozoans. The high prevalence of
Haemoproteus-infection in BO and CSO in Thailand supports
previous reports indicating that this parasite is the most
common hemosporidian found in raptors throughout the world
[17,22].

Although the ultrastructure of Haemoproteus gametocytes
has been relatively well described [26], there are no reports of
same for BO and CSO, especially for monocytes phagocytizing
gametocytes. Numerous clearly defined micronemes similar to
those documented by Valkitinas [26] were not detected in the
Haemoproteus from BO and CSO. The electron density and
structure of the osmiophilic bodies were similar to micronemes
[26], but we found fewer osmiophilic bodies; although they
were easier to identify by using transmission electron microscopy.

Phylogeny branch evidence grouped the Haemoproteus
sequences in our study into Parahaemoproteus. The nucleotide
sequences were located in the Culicoides spp. transmitted avian
hemoprotozoan cluster [4]. Amino acid data were used to
confirm the differences between our Haemoproteus isolates and
H. noctuae (KP794612). All residues were located from the
1264 to 1288 positions of the cytb protein, and our Haemoproteus
sequences displayed unique residues.

wWww.vetsci.org
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The tree topology results showed unique clustering of
Haemoproteus from 8 BOs and 4 CSOs. The Haemoproteus
isolates exhibited both halteridial-shaped (KUS86, 112, 163,
200, 202, 203, 248, 250, and 284) and circumnuclear-shaped
(KU71, 120, and 132) mature gametocytes, which were similar
to those of H. noctuae but displayed clear differences in
molecular characteristics. Therefore, these Haemoproteus may
comprise a new species or subspecies of Haemoproteus in
strigid owls. Conversely, some species of Haemoproteus, such
as H. pallidus, H. minutes, and H. vacuolatus exhibited different
morphologies but showed cytd gene genetic divergence of less
than 2% [16]. Based on molecular characteristics, Haemoproteus
in KU127 CSO (KJ561457) was suggested to be H. syrnii,
although they differed in length and width from H. syrnii in
spotted wood owls [21]; although it should be H. syrnii based on
a morphological characteristic (lacking circumnuclear
gametocytes) and phylogenetic analysis (closely related to H.
syrnii, KI541480).

The results of the partial cytbh gene analysis revealed that the
Haemoproteus spp. of the 8 BOs and 7 CSOs analyzed in this
study and the previously reported H. noctuae and H. syrnii
formed one large cluster (except KU234 and KU127). Therefore,
the Haemoproteus spp. analyzed in this study were closely
related to H. noctuae and H. syrnii; moreover, H. noctuae was
closely related to H. syrnii. Although the Haemoproteus isolate
from KU234 CSO was similar (96.5%) to H. syrnii (EF607290),
it was not included in a large cluster, suggesting that this strain
was slightly distant from the other large cluster of our study and
might be from a different lineage with 3.5% divergence. This
result revealed that phylogenetic analysis using short sequences
of partial cyth genes has limitations and might not be able to
distinguish H. noctuae from H. syrnii correctly. These data
provide basic information that will be valuable in future studies
of Haemoproteus in BO and CSO.

The results of this study highlight the hematology, morphometry,
ultrastructure, and molecular characterization of Haemoproteus
in BO and CSO from Thailand and also contribute to identifying
the value of microscopy and molecular diagnosis in the study of
avian blood parasites. The present study also provides
morphological data on the molecular detection of 8 and 11
sequences of Haemoproteus from BO and CSO, respectively,
which may be used as the basis for further study of Haemoproteus
in these two owl species.
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