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Abstract

Hemoparasitism is known to vary according to the presence of vectors and hosts, and hematological
examination can be a useful tool for early diagnosis in avian medicine, contributing to monitoring and
conservation of bird populations. In this context, we aimed to analyze the clinical and hematological
aspects of free-ranging owls seized or rescued from the Atlantic Forest biome of Rio de Janeiro, Brazil. The
animals, with or without clinical signs of diseases, were studied regardless of their age, sex, and physical
status. Blood samples were collected and complete blood counts were carried out. Five different species
were obtained in this study. These species were Megascops choliba (50%), Asio clamator (18.75%), Athene
cunicularia (18.75%), Pulsatrix koeniswaldiana (6.25%), and Strix huhula (6.25%). Orphaned birds and
traumatic injuries were the causes of admission to the wildlife rehabilitation facility. The search for
hemoparasites revealed infection by protozoa of the genera Haemoproteus, Plasmodium, and
Trypanosoma. We concluded that hematological findings in seized or rescued owls predominantly
suggested the presence of stress or inflammation resulting from post-traumatic situations. The causes of
admission were mostly due to human interference, which demonstrates to have a negative impact on the
health aspect of owl populations in urban centers, such as Rio de Janeiro. Blood protozoa are circulating
among the different populations of owls and although infection by Haemoproteus spp. and Trypanosoma
spp. seems to trigger a low pathogenic potential, Plasmodium infection may indicate unfavorable
prognosis, endangering wild species.
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1. Introduction

Birds are a heterogeneous group with different anatomical and physiological characteristics. The
term “bird of prey” is used to designate carnivorous birds that have highly efficient predatory adaptations
and are essential for population regulation because they are at the top of the food chain (Ward et al. 2002;
Andery et al. 2013). Brazil is among the countries with the richest avifauna along with other South
American countries (Pacheco et al. 2021). Unfortunately, raptor populations are currently threatened by
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anthropogenic activities, including hunting, trafficking, persecution, and conflict with humans (Soares et al.
2008).

In bird medicine, the time until the diagnosis is confirmed is a crucial factor, as birds may be able to
mask the signs of illness, which in addition to the lack of knowledge of the peculiarities of the species on
the part of the bird keeper, ensures that the disease is at an advanced stage when noticed (Malley 1996).
Thus, hematology is an essential, minimally invasive component in veterinary practice, assisting in the early
diagnosis (Mitchell and Johns 2008).

In the context of hematological analysis, blood parasites, including those of the order
Haemosporida, are present in raptor species (Leppert et al. 2008; Santos et al. 2008). Hemosporid
infections are well tolerated by many species of birds; however, there is evidence that parasitism can
negatively affect bird populations (Marzal et al. 2005; Tomé et al. 2005).

As the occurrence of hemoparasites varies according to the geographical distribution of their hosts
and vectors, studies on the hematology of raptors can significantly contribute to the monitoring and
conservation programs of these species regionally. Thus, this study aimed to analyze the clinical and blood
aspects of owls seized or rescued from the Atlantic Forest biome of Rio de Janeiro.

2. Material and Methods

This study was approved by the Fluminense Federal University Ethics Committee on Animal
Research (reference no. 394).

In this study, owls (Strigiformes: Strigidae) seized or rescued with or without clinical signs of
diseases and admitted to the wildlife rehabilitation facility of the Universidade Estacio de Sa, Rio de Janeiro
municipality, Brazil (22° 58’ 46"” S, 43° 27’ 24”’" W) were studied between March 2012 and October 2013.
All the birds were included in this study, regardless of their age, sex, and physical status.

Using physical restraint, blood samples were collected from the jugular or brachial veins, and whole
blood was placed in ethylenediaminetetraacetic acid (EDTA) tubes, the collections did not exceed 72 hours
after admission of the birds. At the time of sampling, the animals were examined using routine
noninvasive procedures and relevant findings were registered where the oral cavity, pectoral musculature,
eyes, hydration status, coelomic cavity were evaluated Cardiac and pulmonary auscultation was
performed.

Using the blood in the EDTA tubes, microhematocrit tubes were filled and centrifuged to
determine the packed cell volume (PCV). Red blood cell (RBC), thrombocyte, and white blood cell (WBC)
counts were carried out in Neubauer counting chambers using Natt-Herrick's solution at a 1:100 dilution.
Hemoglobin concentration was measured by spectrophotometry using the cyanometahemoglobin method
after centrifugation to remove free erythrocyte nuclei. The mean corpuscular volume (MCV) and mean
corpuscular hemoglobin concentration (MCHC) were calculated following the standard methods used for
mammals.

Blood films were obtained immediately after blood collection and stored in boxes, fixed in
methanol, and stained with Giemsa (Merck®, Rio de Janeiro, RJ, Brazil). Differential WBC counts were
performed based on the count of 100 WBCs under oil immersion (1000x magnification). To verify infection
by hemoparasites, four stained smears of each animal were scanned for 30 min under oil immersion,
constantly changing fields, without worrying about the number of fields to be observed. Being more
sensitive, molecular-based methods have been used in the detection of hemoparasites. However, the
scanning protocol is considered sufficient to detect even low-intensity infections being the hemoparasites
of the present study identified from the morphology, by microscopic analysis. (Fedynich et al. 1993; Tomé
et al. 2005; Santos et al. 2008)

The hematological results for Megascops choliba, Asio clamator, and Pulsatrix koeniswaldiana were
compared to the values obtained by Goulart et al. (2020). The reference values for Athene cunicularia were
obtained in the category of both sexes combined and all ages combined from the International Species
Information System (ISIS) (www.isis.org). The reference values for Strix huhula were not found. The results
were then compared with those of another bird species, Strix varia, obtained from the ISIS database.

Bioscience Journal | 2023 | vol. 39, e39086 | https://doi.org/10.14393/BJ-v39n0a2023-65777



DE ARAUJO, S.T., et al.

3. Results

During this study, 16 owls of five different species were evaluated. The most frequent owl found in
this study was the tropical screech owl, Megascops choliba, which accounted for 50% (8/16) of the
animals. All of them were orphaned, had juvenile plumage, and were clinically healthy. Another species
obtained was the striped owl, Asio clamator, which represented 18.75% (3/16) of the birds. Of these, two
were clinically healthy (one adult and one juvenile) while the other had tendon laceration due to an
accident caused by a kite line. In addition, three (18.75%) burrowing owls (Athene cunicularia) were
evaluated: one without clinical signs and two that were victims of trauma to the wing caused by kite lines
and presented with tendon lacerations. The only tawny-browed owl, Pulsatrix koeniswaldiana, which was
part of our study (6.25%), had a metacarpal fracture. One black-banded owl, Strix huhula (6.25%), rescued
with neurological manifestations (incoordination) after a collision with a window was also assessed.

The complete blood count (CBC) values obtained in this study and the reference ranges for each
bird species are shown in Table 1. After the search for hemoparasites, it was possible to identify infection
by protozoa of the genera Haemoproteus (in one A. cunicularia and two A. clamator), Plasmodium, and
Trypanosoma (co-infection in the S. huhula) (Table 2).

The overall frequency of infection was 25.00% (4/16); 18.75% (3/16) for Haemoproteus spp. and
6.25% (1/16) for the genera Plasmodium and Trypanosoma.

All M. choliba owls had normal PCV, RBC, MCV, and thrombocytes values. However, increased
hemoglobin and MCHC were observed in 25.0% of the sampled animals (2/8). The leukogram values were
normal in all animals, except for monocytes counts.

Regarding the animals of the species A. clamator, which were clinically healthy at the time of
sampling, most of their hematological parameters were within normal values, except for the presence of
leukocytosis and increase in heterophils in one of these birds, and monocytosis in the other one. The
striped owl (A. clamator), which was referred to the rehabilitation center with traumatic injury due to a
kite line accident also presented with leukocytosis and heterophilia. In the evaluation of the blood smear,
parasitic intra-erythrocytic forms morphologically compatible with gametocytes of Haemoproteus spp.
were present in two animals, 659 (apparently healthy) and 684 (traumatized).

The CBC of an adult owl, A. cunicularia, sent to the rehabilitation center without clinical
abnormalities (613), revealed basopenia, lymphopenia, and the presence of band heterophils. With regard
to this species, A. cunicularia, an adult individual (643), which was rescued after the laceration of a tendon
by an accident with a kite line, presented a reduction in the PCV and RBC count, an elevation above the
reference limits in the MCHC, WBC, heterophil, and monocyte counts, eosinopenia, and basopenia. In
addition to heterophilia, this animal had toxic heterophils. A blood smear examination of the same owl (A.
cunicularia 643) revealed parasitic intra-erythrocytic forms compatible with gametocytes of Haemoproteus
spp. (Figures 1A and 1B). Another case of traumatic injury caused by a kite line was also observed in A.
cunicularia. This bird presented with discrete leukocytosis with heterophilia; however, the basophils and
lymphocytes counts were below the normal range.

The CBC of the tawny-browed owl, P. koeniswaldiana, revealed an increase in the MCV and a
decrease in the total counts of erythrocytes, leukopenia, heteropenia, eosinopenia, and basopenia, while
the counts of monocytes were increased.

Regarding the S. huhula species, hematological results revealed a decrease in the PCV and an
increase in the MCV and MCHC. Leukopenia with lymphopenia and basopenia have also been observed.
Hemoparasite research revealed the presence of intra-erythrocytic forms characteristic of the Plasmodium
genus (Figure 1C and 1D) in addition to flagellate forms showing a single nucleus, kinetoplast, and
undulating membrane compatible with Trypanosoma spp. (Figure 1E and 1F).

4. Discussion
All rescued cases of M. choliba were related to juvenile and orphaned birds. According to a study by

Komnenou et al. (2005), in free-living raptors, orphaned birds are usually found during the breeding
season, mainly because of inappropriate human intervention. In view of this report, it is possible that the
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same was observed in our study especially because according to Motta-Junior (2006), M. choliba is very
generalist in the use of the habitat, with a tendency to inhabit peri-urban areas where they can easily
interact with humans.

r =

i il o N
Figure 1. Photomicrographs of blood parasites in Giemsa-stained blood smears (oil immersion at 1000x
magnification) from owls (Strigiformes: Strigidae) seized or rescued from the Atlantic Forest biome of the
Rio de Janeiro and admitted in a wildlife rehabilitation center. Personal archive. A and B: Presence of
Haemoproteus spp. gametocyte (black arrows) within erythrocytes of Athene cunicularia. C and D:
Presence of intra-erythrocytic inclusions compatible with the trophozoites of Plasmodium spp. (white
arrows) within erythrocytes of Strix huhula. E and F: Presence of the protozoan (Trypanosoma spp.)
showing a single nucleus (yellow arrows), kinetoplast (red arrows), undulating membrane (green arrows),

and the flagellum (blue arrow) in a specimen of Strix huhula.

In the present study, the hematological results of M. choliba were expected, since only birds
without any evident signs of disease were sampled. Increased MCHC values in birds of this species were
considered of little concern, because it was not possible to rule out discrete pre-analytical hemolysis.
Previously, de Jonge et al. (2018), comparing peripheral blood samples with different degrees of hemolysis
showed that a mild degree of hemolysis can lead to a slight increase in MCHC. According to the authors, in
vitro (artifactual) hemolysis falsely increases the MCHC and usually involves factors such as small and
fragile veins that are easily traumatized. This fact may have occurred in the present study due to the small
size of the animals. After using mean and standard deviation values for Megascops spp. (Goulart et al.
2020), we observed monocytosis in 87.5% of the tropical screech owls in the present study. However,
according to the authors, the monocyte values of Megascops spp. and A. clamator did not show normal
distribution, and were, therefore, expressed by descriptive statistics, rather than a reference interval.
Compared to the results obtained in eastern screech owls (Megascops asio) we no longer detected
monocytosis (Ammersbach et al. 2015).

In the present study, injuries to the wing caused by kite lines affected 18.75% of the birds (one A.
clamator and two A. cunicularia). The A. clamator owl usually inhabits densely foliaged bushes and
presents predominantly crepuscular and nocturnal activity, which tends to make the occurrence of human
interventions difficult (Motta-Junior 2006). Even so, injuries caused by kite lines have been previously
recorded for this species in Brazil (Andery et al. 2013).
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Table 1. Hematological results for owls (Strigiformes: Strigidae) from a wildlife rehabilitation facility at the Rio de Janeiro municipality.

Animal History PCV RBC HB MCV MCHC T WBC Ba Eo Het Ly Mo
% x105/uL g/dL fL % x103/uL x103/uL x103/uL x103/uL x103/uL x103/uL x103/uL
Tropical screech owls (Megascops choliba)
1-young orphaned 40 1.90 12.4 210.52 31.0 25 6 0 0.06 3.12 0.9 1.92
2 -young orphaned 38 1.18 115 322.03 30.3 20 5 0 0.1 2.75 1.5 0.65
3 -young orphaned 40 1.28 14.9 312.50 37.2 30 8 0 0.48 4.8 1.12 1.6
4 -young orphaned 37 1.62 11.6 228.39 31.3 22 7 0 0.35 3.78 1.89 0.98
5 -young orphaned 33 1.92 11.2 171.87 33.9 32 12 0 0.24 6 3.36 2.4
6 -young orphaned 38 1.68 10.0 226.19 26.3 20 9 0 0.54 4.5 2.52 1.44
7 -young orphaned 35 1.18 12.6 296.61 36.0 18 10 0 0.2 6 2.5 1.3
8 -young orphaned 39 1.44 11.8 270.83 30.3 18 14 0 0.28 7.7 4.2 1.82
Reference - 29.7- 0.8- 6.4-12.4 131.6- 12.1-34 10.3-43.6 0.7-23.1 0.0-0.7 0.0-2.2 1.1-10.3 0.0-11.5 -
44.6 2.3 374.4
Striped owls (Asio clamator)
623-young Healthy 32 2.0 9.1 160.0 28.4 54.25 28 0 1.12 22.4 4.2 0.28
659-adult Healthy 30 1.6 10.0 187.5 33.3 35.5 18.4 0 0 15.64 2.02 0.74
684-adult Trauma 40 2.1 9.0 190.48 22.5 47 30 0 0.6 19.2 9.6 0.6
30.2- 123.8- 17.1-
Reference - 501 1.0-2.5 6.7-15.3 355.2 38.6 10.8-56.6 1.2-23.6 0.0-1.0 0.0-1.9 0.6-16.6 0.6-10.2 -
Burrowing owls (Athene cunicularia)
613-adult Healthy 49 2.5 10.5 196.0 21.4 46.75 11.7 0 0.11 11.0* 0.47 0.12
643-adult Trauma 28 13 11.3 215.38 40.4 35.25 15.1 0 0 8.46 5.13 1.51
684b-adult Trauma 41 1.8 11.8 227.77 28.8 20 13.9 0 0.14 12.37 1.25 0.14
Referencel ) 45,1+ 2.23% 15.9+ 199.9+ 30.1+ ) 8.869+% 0.495+ 0.926% 3.777+ 3.234+% 0.476%
5.7 0.47 8.5 43.6 9.0 4,558 0.448 0.908 3.090 1.972 0.401
Tawny-browed owl (Pulsatrix koeniswaldiana)
Adult Fracture 38 1.18 115 322.03 30.26 28 7 0 0.07 3.99 2.1 0.84
Reference? - 38;41 1.5;2.4 9.5;12 255;171.9  25;29.6 25.3;73.9 10.0;18.0 0.4;0.18 2.5;3.2 5.3;11.5 1.8;3.0 0
Black-banded owl (Strix huhula)
Adult Trauma 31 1.0 12.8 310.0 41.3 20 5 0 0.4 3.5 0.5 0.6
Referencel3 ) 40.3+ 2.79% 11.9+ 168.5+ 30.3% ) 13.360+ 0.991+ 0.975% 6.268+% 5.439+ 0.66%
4.5 1.9 1.2 57.1 4.2 6.504 0.967 0.814 3.847 3.271 0.618

1Reference range expressed as mean * standard deviation (International Species Information System);2Individual hematological values for captive Pulsatrix koeniswaldiana (n = 2) (Goulart et al. 2020);
3Reference values for Strix varia. PCV, packed cell volume; RBC, red blood cells; Hb, hemoglobin; MCV, mean corpuscular volume; MCHC, mean corpuscular hemoglobin concentration; T, thrombocytes; WBC,
white blood cells; Ba, basophils; Eo, eosinophils; Het, heterophils; Ly, lymphocytes; Mo, monocytes. *Results including 4320 band heterophils.
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Table 2. Number and percentage of owls (Strigiformes: Strigidae) examined and infected by hemoparasites
in a wildlife rehabilitation facility at the Rio de Janeiro municipality.

Taxon Birds; n (%) Birds infected with
Examined Infected H P T
Asio clamator 3(18.75) 2 (12.50) 2 0 0
Athene cunicularia 3(18.75) 1(6.25) 1 0 0
Megascops choliba 8 (50.00) 0 0 0 0
Pulsatrix koeniswaldiana 1(6.25) 0 0 0 0
Strix huhula 1(6.25) 1(6.25) 0 1 1
Total 16 (100.00) 4 (25.00) 3 1 1

H: Haemoproteus spp.; P: Plasmodium spp.; T: Trypanosoma spp.

The results of the leukogram in the A. clamator specimens were not an issue of concern. McRee et
al. (2018) testing effect of transportation, restraint, and common clinical procedures such as blood samples
collection, demonstrated that white blood cells and heterophils counts increased over time in the tested
group, featuring a stress leukogram.

Parga et al. (2001) reported on how haematological changes in raptors can occur due to numerous
stressors, such as social disruption, elevated temperatures, behavioral restriction and mechanical restraint.
The cells that are most affected under stress conditions are heterophils and lymphocytes, with the
heterophil/lymphocyte ratio (H/L) being a precise indicator to assess stress in birds, including birds of prey.

However, we cannot rule out the fact that one animal presented trauma and parasitic inclusions
that were morphologically compatible with Haemoproteus spp. gametocytes. It is important to remember
that the bird did not show clinical signs at the time of sampling and that the low pathogenicity of infections
by the genus Haemoproteus is commonly reported (Andery et al. 2013; Campbell 2015). Even so, the
possibility that the leukogram abnormalities may be a form of response to both traumatic wing injury and
hemoparasitism cannot be excluded. The elevation of monocytes counts in one of the A. clamator
specimens was not a concern, as it was discreet or absent when compared with those of other species of
the same genus (Ammersbach et al. 2015; Montolio et al. 2017).

According to Motta-Junior (2006), A. cunicularia generally remains in places of easy visibility.
Menezes and Ludwig (2013) also highlighted that this is one of the most common owls in Brazil, which is
widely adapted to the urban environment and proximity to humans and is commonly observed on walls,
fences, and wires. Another peculiarity is that unlike the other species of Strigiformes, A. cunicularia has a
very active diurnal habit (Motta-Junior 2006; Menezes and Ludwig 2013). Based on the ecological aspects
described above, it is suggested that the conspicuous and day-long behavior of this species may have
facilitated the accidents with kite lines observed in the present study.

Anemia, leukocytosis, heterophilia and monocytosis in A. cunicularia victims of trauma can be
attributed to inflammation and blood loss, as traumatic injuries are among the most common causes of
hemorrhagic anemia (Campbell 2015). In addition, it is known that heterophils are important first cellular
responders to inflammatory conditions (Stacy et al. 2022). Infection with Haemoproteus spp., which was
observed under microscopy, may have contributed to the abnormalities found, and probably led to an
increase in the MCHC. Toxic heterophils in blood smears of this animal were also accounted for by the
infectious process, as has been proposed before (Stacy et al. 2022). The presence of band heterophils,
despite the absence of evident clinical signs, does not allow us to rule out the possibility of an
inflammatory and/or infectious process in animal 613 since many birds can mask the signs of disease
(Malley 1996; Mitchell and Johns 2008). In addition to quantitative elevation of heterophils in blood
circulation, inflammatory states often have accompanying increases in immature precursor stages (Stacy et
al. 2022).

The P. koeniswaldiana evaluated in this study presented a bone fracture. Although this was the only
case of bone fracture that we detected, other studies have previously reported high fracture rates in birds
of prey, both in the thoracic limbs and in the pelvic limbs and other bone structures (Naldo and Samour
2004; Andery et al. 2013). Reference hematological values for P. koeniswaldiana are difficult to determine.
In a large study on the hematology of birds of prey in Brazil, Goulart et al. (2020) found only two specimens
of this species. Erythrogram and leukogram variations were discreet and possibly associated with stress or
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the inflammatory process resulting from the injury. Campbell (2015) suggested that eosinopenia can be
due to nothing more than stress, whereas monocytosis may have been associated with inflammation. It is
worth mentioning that the results found in the present study did not differ significantly from the findings
of a case of fracture in the wing of a Lesser Flamingo (Phoeniconaias minor) in Kenya (Nyariki et al. 2019).

The S. huhula specimen was rescued with neurological symptoms after a collision with a window. A
retrospective study on Strigiformes in the United States and Canada showed that vehicle and window
collisions are important causes of mortality in most owl species (Hager 2009). Despite its wide distribution
in South America, the black-banded owl is a lesser-known and studied species of the Strigidae family, with
scarce occurrence and records of few animals reported in Brazil. This justifies the difficulty in finding
reference hematological values for S. huhula. Its appearance has been observed mainly in low-lying
locations (with humid forests) but also in man-made habitats, plantations, and urban environments
(Gonzaga and Castiglioni 2004; Lemos and Freitas 2009; Nascimento et al. 2018). The most recent records
of this species in the state of Rio de Janeiro were published by Gonzaga and Castiglioni (2004) and Lemos
and Freitas (2009).

The animal in question presented an erythrogram compatible with hemolytic anemia, which is
sustained by a decrease in the PCV, and an increase in the MCHC. We believe that these findings were due
to hemoparasite infections. Protozoa of the genus Plasmodium cause avian malaria, a parasitic infectious
disease capable of triggering hemolytic anemia and of great epidemiological importance in birds found in
tropical and humid areas (Campos et al. 2014). In contrast, parasites of the Trypanosoma spp., in general,
are considered accidental findings in the blood smears of birds (Campbell 2015). Leukopenia, with
basopenia, and lymphopenia characterized the leukogram of this animal. During a study on the
hematological values of Magellanic penguins, Spheniscus magellanicus, with the detection of avian malarial
parasites (Plasmodium spp.), Campos et al. (2014) also observed a reduction in the WBC, basophil, and
lymphocyte counts in infected birds. According to the authors, leukopenia and basopenia due to infectious
and inflammatory processes can be considered an unfavorable prognosis, indicating that the production
rate is below demand. In addition, according to this study, lymphopenia in Plasmodium spp. infection
suggests the presence of chronic stress, with lymphoid tissue atrophy and a consequent reduction in the
number of circulating lymphocytes.

Regarding the frequency of hemoparasites, it was possible to observe that our results are in
accordance with those of previous studies that demonstrated that blood parasites are present in several
species of predators. Andery et al. (2013) observed a rate of 22.8% of Haemoproteus spp. infection in
blood smears of Strigiformes in Brazil. The authors did not associate the clinical signs with hemoparasitism
in the evaluated prey. During our study, it was also not possible to associate the presence of clinical
manifestations with parasitism; however, laboratory abnormalities, such as an increase in the MCHC and
monocytosis, were constant in the infected birds.

Similar to our observations, Leppert et al. (2008) found a percentage of 20% and 4% of infection by
Haemoproteus spp. and Trypanosoma spp., respectively, in forest owls from the Western United States.
During a study on hemoprotozoan infection (genera Haemoproteus and Leucocytozoon) in Falconiformes
and Strigiformes in rehabilitation centers in Portugal, Santos et al. (2008) reported that the percentage of
samples positive for at least one agent was 20.4%, a rate also similar to that found in our study. In the
microscopic evaluation of blood smears, Krone et al. (2008) reported 19.8% of infections by hemosporid
parasites in birds of prey in Germany, including 5.9% positivity for the genus Plasmodium and 4.9% for the
genus Haemoproteus. Salakij et al. (2018) found Haemoproteus gametocytes in 37.8% of owl blood smears
from Thailand.

Aguiar and Marcal Junior (2021) carried out a survey on hemoparasitosis in various captive birds in
Brazil. The authors also used optical microscopy as the method of choice and, although molecular methods
are more frequently used, we cannot ignore their higher cost as a limiting factor. Differing from our results,
infection was not observed in birds of prey and only the genus Plasmodium was found in their study.

Although previous studies have suggested that infections by hemoparasites are well tolerated by
their hosts (Andery et al. 2013; Campbell 2015), some authors believe that hemoparasitism may have a
negative impact on bird populations, being considered a species selection factor (Marzal et al. 2005; Tomé
et al. 2005; Campos et al. 2014). We cannot rule out the possibility that the presence of blood protozoa
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has compromised the health status of parasitized birds, making them more susceptible to the accidents
observed in this study (accidents with kite line and collision against a window). In addition, Campos et al.
(2014) observed that avian malaria can cause neurological manifestations in infected penguins. Thus, it is
difficult to determine whether the symptoms presented by S. huhula were due to an infection by the
protozoan or the collision.

5. Conclusions

In the present study, the rescue of orphaned birds and birds with traumatic injuries (kite line
accidents, collisions, and fractures) were abnormalities related to the causes of admission to the wildlife
rehabilitation center, although clinically healthy birds were also observed.

We believe that habitat destruction, adaptation to the urban environment, and constant human
pressure favored the conflicts that have occurred between the birds assessed and the local human
population, with negative impacts on the health status of the owl populations in Rio de Janeiro. Thus, our
results can contribute to epidemiological and health studies in birds of prey, since although some species
of owls are quite common and have a wide geographical distribution, there are still few reports and studies
on their clinical and hematological aspects.

Hematological data predominantly suggested the presence of inflammation and stress, which was
in accordance with the clinical presentations of the animals. Hemoparasitic infections have also been
reported. The genera Haemoproteus and Trypanosoma appeared to trigger infections with a low
pathogenic potential for its hosts, but with slight and moderate variations in erythrogram and leukogram,
including hemolysis, leukocytosis, heterophilia and monocytosis. In contrast, Plasmodium spp. seemed to
be associated with an unfavorable prognosis and chronic stress, causing hemolytic anemia, leukopenia,
basopenia, and lymphopenia.
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