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Leukocytozoon spp. is a protozoan that causes infection in the blood, causing
economic losses to the poultry industry. The aim of this study was to investigate
the prevalence of leukocytozoonosis in wild birds rescued from January 2019 to
December 2020. The medical records and the preserved residual blood samples
of rescued and treated wild birds were analyzed. After DNA extraction from the
preserved blood samples, real-time polymerase chain reaction (PCR) was used to
test the extracted DNA. A total of 336 wild birds were tested in this study, of
which 3.6% (6/336) were positive. Leukocytozoonosis was detected in four bird
species, two of which were winter migratory birds and two were summer
migratory birds in Korea. The results of this study suggest that wild birds visiting
or staying in Korea may be infected with the Leukocytozoon spp., and there is a
possibility that the pathogen may be transmitted to other domestic or wild bird
species or shared with each other. It is necessary to conduct an extensive
investigation focusing on important migratory bird habitats and to analyze the
genetic relationships between domestic and wild bird-origin pathogens.
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INTRODUCTION

Leukocytozoon is a haemosporidian protozoan which belongs to the phylum of
Apicomplexa (1). The transmission of the protozoa is mediated by simuliid black flies
(Diptera: Simullidae) or Culicoides midges (Diptera: Ceratopogonidae). Unlike other
hematoprotozoa (Plasmodium, Haemoproteus and Trypanosoma), Leukocytozoon
spp. is relatively host-specific and has the characteristics of sharing infection within
the same family (2). Worldwide, this infection has been reported to occur in a variety
of domesticated and wild birds (chicken, waterfowl, turkeys, and free-living birds)
and cause economic losses (3-8). Due to the nature of wild birds to migrate between
continents and countries, these birds, especially waterfowl, are known as major
carriers of this disease. In Korea, sporadic cases have been reported (7, 8), however,
there has been no investigation of the prevalence in bird population.

Leukocytozoon infection shows various symptoms depending on age and host
condition. Symptoms are particularly pronounced in young individuals, with loss
of appetite, weakness, listlessness, dyspnea and death within 24 hours (9). In the
adults, the symptoms are relatively weak, and the mortality rate is not high. Once
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the infection is established by the vectors, the protozoa invades the vascular endothelial cells of various organs and form
the first generation of schizonts. The second generation, megaloschizont, releases merozoites, and the released merozoites
penetrate into blood cells to form gametocytes. At this stage, the protozoa is present in the blood, and can be diagnosed
through a blood smear examination (10). However, due to the low sensitivity of blood smear examination and the
necessity of skilled manpower, there is a trend of being replaced by PCR-based molecular genetic testing (11). It is a useful
diagnostic technique, especially in patients with low parasitemia.

The aim of this study was to monitor the level of potential threat of disease introduction due to the migration of wild birds
by examining the prevalence of Leukocytozoon spp. in rescued wild birds.

MATERIALS AND METHODS

Sample selection

This retrospective study involved the analysis of medical records and residual blood samples of wild birds rescued from
January 2019 to December 2020. The blood samples included in this study were obtained from wild birds during diagnosis
or treatment processes, and blood smear examinations were performed. The blood samples were collected from wing vein,
and the residual samples after the diagnostic testing were stored in an ethylenediaminetetraacetic acid tube at -20C.

DNA extraction

After thawing the stored blood samples, DNA extraction was performed using QlAamp® DNA Mini kit (Qiagen, Hilden,
Germany), according to the manufacturer’s instructions. After the extraction, the DNA was stored at -20TC until subsequent procedures.

Assessment of real-time PCR test performance

A real-time PCR method was selected for the detection of Leukocytozoon spp. as described previously (Table 1)(11). Due to
the wide genetic diversity of genus Leukocytozoon, it exhibits three separate real-time PCR reactions, namely, leuko-p1,
leuko-p2, and leuko-p3. To ensure the efficacy of each test, limit of detection (LOD), coefficient of coefficients (R?), and
efficiency of each real-time PCR reaction were assessed in quintuplicate on serially diluted recombinant vectors with known
copy numbers per 1 ul. A linear regression test was performed using SigmaPlot 12.5 (Systat Software, San Jose, CA, USA)
to determine the value of coefficient of determination (R%) and slope curve value. The PCR amplification was performed
using the ABI7500 Fast Real-Time PCR system (Thermo Fisher Scientific, Waltham, MA, USA). The reagent composition and
the reaction conditions were similar to those in a previous report (11).

Table 1. Information of primer/probe sets for detection and sequencing of Leukocytozoon cytochrome-b gene regions

Sequences (5’ to 3) Length of
Purpose Name amplicon
Forward primer Reverse primer Probe (bp)
i AAGTGTAATACAAAGAATCTTTTTA _ )
Leuko-p1 CTGCTTTCATGGGTTATGTCTTACCA ATGTTGGATCATTATA 6FAM-AATCCACCACAAACCC-BHQ1 160

Real- _
time Leuko-p2 GTTAC”ACCTT(;EATTTCTATGGAGTAG CTCATTTGACCCCATGGTAAGACAT OFAM CCCATTi_ABﬁAﬁCAGTTACAA 97
PCR Q
. ATTAATGATCCAACATTAAAAAGA ’ !
Leuko-p3 ATTAATEATCEAACAT A AGGATTAGTGCTACCTTGAATAT  6FAMFTTCCCATICGTAGCTTTAG-BHQT 116
Nested 1  CATATATTAAGAGAAITATGGAG ATAGAAAGATAAGAAATACCATTC - 478
PCR 2 ATGGTGTTTTAGATACTTACATT  CATTATCTGGATGAGATAATGGIGC -
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Real-time PCR tests

After confirming the performance of the tests, each of the three real-time PCRs were tested using the extracted DNA from
the rescued wild birds. The three real-time PCRs were performed on the same sample respectively, and if at least one of the
three tests was positive, it was judged as positive. Also, only those with a cycle threshold (Ct) of 35 or less were
determined to be positive. Samples suspected of being positive in real-time PCR were double-checked with nested PCR
targeting other parts of the cytochromeb gene (12), and the PCR amplicons were sequenced and confirmed by
comparison with BLAST database. Table 2 summarize the results of comparison evaluation between the sequences
identified in this study and GenBank database.

RESULTS

Peripheral blood samples collected from a total of 336 rescued wild birds were obtained and tested in this study. These
birds consisted of 53 species, 23 families, and 16 of the 23 avian orders (Table 2).

The estimated LOD of each real-time PCR for each recombinant vector was: 65 for leuko-p1; 6.6 for leuko-p2; and 58 for
leuko-p3, respectively. Standard curves generated by each real-time PCR using 10-fold serial dilutions of each target
showed correlation coefficients (R%) ranging from 0.989 to 0.993 and slopes of 3.53-4.25 (Fig. 1), indicating good linearity
of the PCR reaction.

As a result of testing for the DNA extracted from the blood samples, it was confirmed that 6 (6/336, 3.6%) rescued wild
birds were positive for leukocytozoonosis. Birds that were confirmed positive were bean goose (n=1; Ct = 34), brown
hawk-owl (n=1; Ct = 31), broad-billed roller (n=3; Ct = 27, 31 and 32), and common teal (n=1; Ct = 32). When classified
by orders of birds, they belonged to anseriformes (n=2), strigiformes (n=1), and coraciiformes (n=3) (Table 3).

DISCUSSION

This study was a retrospective evaluation of the presence of leukocytozoonosis in wild birds that were rescued and treated
between 2019 to 2020. As a result of the investigation, 3.6% of the 336 wild birds were found to be positive for infection,
confirming that leukocytozoonosis was present in wild birds living or staying in Korea. Considering that Leukocytozoon spp.
is highly pathogenic in Anseriformes (ducks and other waterfowl!) and Galliformes (chickens and turkeys) (13), it is thought
that if the number of waterfowl surveyed is further increased, the prevalence rate is likely to be higher.

In this study, leukocytozoonosis was observed in 4 avian species: bean goose, brown hawk-owl, broad-billed roller, and
common teal. Among these, the bean goose and common teal are winter visitors that fly between Siberia and Korea, and
the brown hawk-owl and broad-billed roller are summer visitors that fly between Southeast Asia and Korea. In terms of the
migration routes of migratory birds, Korea belongs to the East Asian-Australasian flyway, which suggests the possibility
that various genotypes of Leukocytozoon spp. distributed from Siberia to Southeast Asia can be introduced into Korea and
shred among birds. In order to confirm the need for disease prevention and control, it is necessary to investigate the
diversity of genotypes of Leukocytozoon spp. in migratory birds introduced to their major habitats and to determine the
relationship between the genotypes found in the domestic poultry industry and wild birds.

In conclusion, this study confirmed a degree of leukocytozoonosis in rescued wild birds through molecular diagnostic
testing. Considering the bias in the collection of research samples due to the study sample being limited to only rescued
wild birds, the prevalence of the Leukocytozoon spp. may have been somewhat underestimated. Focusing on major
migratory bird habitats by region in Korea, additional research is needed to confirm the degree of infection and pathogen
genotypes of the migratory bird species by season.
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Pelecaniformes

Piciformes

Podicipediformes

Strigiformes

Bombycillidae

Ardeidae

Picidae

Podicipedidae

Strigidae

Japanese Waxwing (Bombycilla japonica)
Striated heron (Butorides striata)
Little Egret (£Egretta garzetta)

Grey heron (Ardea cinerea)
Eastern great egret (Ardea modesta)
Intermediate egret (Ardea intermedia)
Cattle Egret (Bubulcus ibis)
Grey-headed Woodpecker (Picus canus)
White-backed Woodpecker (Dendrocopos leucotos)
Great crested grebe (Podliceps cristatus)
Scops owl (Otus scops)

Brown hawk-owl! (Minox scutulata)
Eurasian eagle-owl! (Bubo bubo)
Tawny owl! (Strix aluco)
Long-eared owl (Asio otus)
Collared scops owl! (Otus bakkamoena)

Leukocytozoon spp. in wild birds N Kim, et al.
Table 2. The information of the rescued wild birds included in this study
. N . Number of
Order Family Name (Scientific name) Number of birds . .
positive birds
Cinereous Vulture (Aegypius monachus) 6 0
Buzzard (Buteo buteo) 10 0
. N Crested honey buzzard (Pernis ptiforhynchus) 1 0
Accipitriformes Accipitridae Eurasian Sparrowhawk (Accipiter nisus) 2 0
Japanese sparrowhawk (Accipiter gularis) 3 0
Northern Goshawk (Accipiter gentilis) 10 0
Baikal teal (Anas formosa) 1 0
White-fronted Goose (Anser albifrons) 1 0
Common teal (Anas crecca) 1 1
. . Mandarin Duck (Aix galericulata) 1 0
Anseriformes Anatidae Mallard (Anas platyrhynchos) 1 0
Whooper Swan (Cygnus cygnus) 1 0
Bean goose (Anser fabalis) 2 1
Spot-billed duck (Anas poecilorhyncha) 7 0
Caprimulgiformes Caprimulgidae Grey Nightjar (Caprimulgus indicus) 2 0
Laridae Black-tailed gull (Larus crassirostris) 1 0
Charadriiformes Scolopacidae Eurasian woodcock (Scolopax rusticola) 3 0
Alcidae Ancient Murrelet (Aethia psittacula) 1 0
Scolopacidae Slender-billed Curlew (Numenius tenuirostris) 2 0
Ciconiiformes Ardeidae Chinese Little Bittern (/xobrychus eurhythmus) 1 0
. . Oriental turtle dove (Streptopelia orientalis) 20 0
Columbiformes Columbidae Rock Pigeon (Columba livia domestica) 43 0
Coraciiformes Coraciidae Broad-billed Roller (Eurystomus orientalis) 3
Cuculiformes Cuculidae Oriental Cuckoo (Cuculus optatus) 0
Falconiformes Falconidae Eurasian Hobby (Falco subbuteo) 0
Common kestrel (Falco tinnunculus) 0
Golden pheasant (Chrysolophus pictus) 0
. Phasianidae Common Pheasant (Phasianus colchicus) 0
Galliformes . o .
Quail (Coturnix japonica) 0
Rallidae Coot (Fulica atra) 0
Oriental Magpie (Pica sericea) 0
Corvidae Eurasian jay (Garrulus glandarius) 0
Azure-winged magpie (Cyanopica cyanus) 0
Passeriformes Oriolidae Black-naped oriole (Oriolus chinensis) 0
Pycnonotidae Brown-eared bulbul (Hypsipetes amaurotis) 0
Turdidae Scaly thrush (Zoothera dauma) 0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0

Suliformes

Sulidae

Red-footed Booby (Su/a sula)
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Table 3. Results of cytochrome-b gene sequence analysis of Leukocytozoon spp. detected in this study

Results of analysis

Family Name (scientific name) -
GenBank No. Identity (%)

. Common teal (Anas crecca) MW882301 100
Anatidae ]

Bean goose (Anser fabalis) MG593842 99.7

MN459531 90.3

Coraciidae Broad-billed Roller (Eurystomus orientalis) LC230144 90.6

IN792178 90.5

Strigidae Brown hawk-ow! (Minox scutulata) LC440393 100

Leukocytozoon p1

®  Leukocytozoon p1 (y=-3 5335"Log(x)+40.1404)

Correlation
coefiicient: 0.989112004
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20 T T T T T
0 1 2 3 4 5 6
Quantity per ul
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Leukocytozoon p2

®  leuckocytozoon p2 (y=-3.6946"Log(x)+40 4188)

Correlation
Coefficient: 0.9890313344

Quantity per ul

Fig. 1. Standard curves generated by each real-time PCR (leuko-p1, leuko-p2 and leuko-p3) using 10-fold serial dilutions of
each recombinant plasmid vector. The vector containing the target gene with known quantity (i.e., copy number per 1 ul) was
prepared for each real-time PCR. The Y-axis indicates cycle threshold (Ct) values. Each regression line was constructed based

on 5 replicate measurements.
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