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Abstract : Between May and November 2018, babesiosis was examined in 162 bloods samples obtained to an animal
hospital in Jeju island for anemia and medical examination. Sixty-two of 162 (38.3%) were positive by PCR. The
ultra fast real-time PCR test with blood directly analyzed without DNA extraction showed the same results. Accurate
diagnosis, treatment and prognosis of babesiosis should be combined with clinical symptoms, blood tests, the babesia
antibody test, and the PCR antigen test. Ultra fast real-time PCR, with these tests, is expected to be a point-of-care
testing (POCT) for easy, fast and accurate diagnosis of babesiosis in the veterinary clinic.
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Introduction

Babesiosis is a tick-borne protozoan disease whose hosts
are rodents, humans, dogs, cats, horses and cattle. Canine
babesiosis is caused by Babesia gibsoni, B. canis supsp., B.
microti, B. equi, B. conradae and B. vitalii (2,9,13,14,18,19).
Canine babesiosis is morphologically classified into small
and large babesia. B. gibsoni which is small babesia and
mediated by Haemaphysalis longicornis and H. bispinosa,
occurs mainly in South Korea and throughout Asia (10,15,16).
B. gibsoni is generally infected by the mites bite and are also
infected by transfusions from infected dogs (7) and through
placental infection (8). In general, the pathogenicity of B.
gibsoni is more severe than B. canis (3,10). In recent years,
the outbreak of babesiosis is increasing in South Korea as
well as Jeju island. The main clinical symptoms are mucosal
pale, hemoglobinuria, tachycardia, tachypnea, fever, decreased
appetite, depression, jaundice, splenomegaly, lymphadenopa-
thy and thrombocytopenia following hemolytic anemia
(5,11,12,17). Rapid treatment is needed through differential
diagnosis with various causes of anemia.

Diagnosis of babesiosis includes travel to epidemics, lis-
tening to mites such as blood sucking, transfusion of infected
blood, Giemsa staining through blood, serological evaluation
using indirect immunofluorescent antibodies (IFAT) (4),
blood babesia antibody tests (6,20) and polymerase chain
reaction (PCR) assays that directly detect antigens in the
blood (1,13). Recently, the newly developed ultra fast real-time
PCR method has been used as a point of care test (POCT) for
diagnosing pathogenic microorganisms in the field.

This study diagnosed babesia through the general PCR test
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in patients who visited the veterinary clinic in Jeju island
May and November 2018 and examined the effectiveness of
ultra fast real-time PCR as POCT.

Materials and Methods

Animals and grouping

From May through November 2018, blood samples of 162
dogs that visited Jeju and Seogwipo city animal hospital with
anemia and non-anemia symptoms were included. In this
study, 2 ml of blood was collected from the jugular or cephalic
vein. The collected blood was dispensed into EDTA antico-
agulant tubes for 0.5 ml for complete blood count (CBC) and
0.5 ml for babesia gene detection by PCR. CBC and blood
smears were examined immediately after the blood collec-
tion. DNA was extracted from whole blood and stored in the
deep freezer until conducting PCR test. Experimental ani-
mals were selected and approved by the Animal Experimen-
tal Ethics Committee of Jeju National University (Approval
No. 2018-0041).

Complete blood count

Anticoagulant blood was tested for CBC using ADVIA
21201 (SIEMENS). Red blood cells (RBC), hemoglobin (Hb),
hematocrit (Hct), mean corpuscular volume (MCV), mean
corpuscular hemoglobin concentration (MCHC), white blood
cell (WBC) and platelet (PLT) were examined.

Giemsa staining

To identify babesia merozoite in erythrocytes, blood was
smeared onto slides immediately after collection and fixed
with methanol. Giemsa staining sol (Sigma-Aldrich) and dis-
tilled water (DW) were diluted 1 : 9 and dipped on the slide
and left for 1 hour. Babesia was identified in red blood cells
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under a high magnification (x 1,000) of an optical micro-
scope (Olympus Optical Co. Tokyo, Japan).

DNA extraction

EDTA-treated blood was extracted with genomic DNA
using G-DEXTM IIb Genomic DNA Extraction Kit (iNtRON
Biotechnology, Korea). The extracted DNA was adjusted to a
final concentration of 100 ng/ul using a spectrophotometer
(NanoVu, GE healthcare bioscience, USA), and stored fro-
zen until the PCR test.

PCR

PCR was performed using primers reported by Birken-
heuer (1) and Oh (15) to amplify the 18s rRNA gene of
Babesia gibsoni. The PCR was performed using thermal
cycler (C1000TM Thermal Cycler, BIO-RAD, USA) with
20 pl reaction solution containing canine babesia 18s rRNA
forward primer 10 pmole, reverse primer 10 pmole, 2x Accu-
Power PCR master mix (Bioneer Inc, Korea), DNA (100 ng/
ul). The initial denaturation was repeated 5 times at 94°C for
5 min, 94°C for 30 sec, 60°C for 30 sec, 72°C for 30 sec 35
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times amplified at the last 72°C. The PCR products were
identified by electrophoresis on 1.5% agarose gel (Red safe
stain) with a 100 bp DNA ladder marker (Enzynomics, Korea).
The amplification of Babesia spp. using a common primer
was 1,676 bp.

Ultra fast real-time PCR

For the primer design, 4sp70 (heat shock protein 70) gene
sequences of B. gibsoni, were obtained from the NCBI Gen-
bank Database (Genbank accession number AB083515) and
aligned using Genious Software (Genious 11.1.5, Biomatters
Ltd., Auckland, New Zealand). Highly conserved regions of
this gene were identified, and the primers were designed
against the conserved region (Fig 1). Information regarding
the primer sequences is summarized in Table 1.

Ultra fast real-time PCR reaction was performed in a total
volume of 10 pl containing 1 pl primer mix (10 pmole each
primer), 2x master mix with SYBR green dye (Genesystem,
Daejeon, Korea), 2 pl of template DNA, and DNase free
water. A UF-150 real-time PCR (Genesystem, Dajeon, Korea)
(Fig 2) was used with the following protocol: initial denatur-
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Fig 1. Alignment result of Babesia gibsoni. Nucleotide sequences collection and alignment have used Genious software.
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Fig 2. Ultra fast real-time PCR chip (A), frame for filling PCR reagents in chip (B) and PCR device (C).

Table 1. Oligonucleotide sequences of conventional and ultra fast real-time PCR primer sets used in this study

PCR Primer set Sequences (5->3") Size
Conventional Cbabe-18sF GTTGATCCTGCCAGTAGT L676
v Cbabe-18sR AACCTTGTTACGACTTCTC ’
Ultra fast real-time B. gibsoni F AAATCATCCCCAATGACCAGG 149

B. gibsoni R

CCTTCCAATCAACCTCTTGGC
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ation at 98°C for 30 sec, and 40 cycles of 98°C for 3 sec,
60°C 8 sec, 72°C 3 sec. After amplification, a melting curve
with a ramp speed of 0.5°C/s between 60°C and 95°C was
determined with using fluorescence of SYBR green. Melting
peaks were automatically calculated by GeneRecorder soft-
ware (Genesystem, Daejeon, Korea).

Statistical analysis

The blood test results of each group were analyzed by
ANOVA using SPSS statistical program (ver 22, SPSS Inc.
IBM Corp, Chicago, USA) to verify the significance between
the groups (p < 0.05).

Results

CBC

In the babesia positive group, all RBC, Hct, and Hb levels
significantly decreased compared with non-anemia patients.
Platelet count was also significantly lower than that of non-
anemia group. The leukocyte count increased slightly but not
significantly (Table 2).

Table 2. The CBC of dogs in babesia infectious and normal group

Blood smear test

In the blood smear, we could identify the suspected B. gib-
soni merozoite with ovoid shape of 1.1-2 um in erythrocytes
under high magnification optical microscope after Giemsa
staining (Fig 3).

PCR

Of the gDNA samples extracted from a total of 162 blood
samples, 62 (38.3%) were amplified by 1,676 bp PCR prod-
ucts (Fig 4).

Ultra fast real-time PCR test

The total of 62 PCR-positive blood samples showed the
same positive results by ultra fast real-time PCR and showed
one peak at Tm value 82°C (£ 2°C) (Fig 5). All the ultra fast
real-time PCR tests showed the same negative for the gen-
eral PCR negative samples.

Discussion

Babesiosis is frequently occurring from spring through

B (n=62) N (n=100) Reference range

RBC (10%ul) 4.61 +2.067 6.58 +1.39* 5.7-8.8

Het (%) 29.8 +£12.58° 423+797* 37.1-57.0
Hb (g/dl) 9.1+3.99* 13.0+2.61* 12.9-18.4
MCV (fL) 68.3 £7.86 65.3+6.66 58.8-71.2
MCHC (g/dl) 30.1+£2.61 30.8£2.25 31.0-36.2
PLT(/ul) 133.4+£75.23" 286.9 + 121.01* 143-400
WBC (x 10*/ul) 17.5+7.96 143+£5.53 5.2-13.9

B; Babesia positive group, N; Normal group, A; a Tukey group (P <0.05).
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Fig 3. Photomicrograph (x 1,000) of Giemsa-stained thin-smear blood films showing erythrocytes parasitized by B. gibsoni merozoite.

Purple arrow; Babesia gibsoni, yellow arrow; nucleated RBC.
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Fig 4. PCR products of Babesia spp. by 1.5% agarose gel electrophoresis. The sizes of PCR product of amplified 18s rRNA of Babesia

spp. is 1,676 bp. M: 100 bp ladder marker (upper size; 1,500 bp).
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Fig 5. Results of ultra fast real-time PCR in the babesia positive samples.

autumn (14). At this time, 62 (38.3%) of the 162 patients
were positive for PCR. The high positive result is deduced to
be due to the period of the most active tick activity and the
increasing number of patients manifesting anemia (14,15).
Some of the PCR-positive individuals were found to be
asymptomatic.

In the blood test, the babesia group showed significant
decrease in RBC index and platelet count compared to the
control group. WBC count tended to increase and decrease
slightly at the beginning of babesia infection, and there was
no significant difference from the control group. Many out-
door dogs bred on Jeju island are often found to be infected
with babesia but do not exhibit clinical symptoms (latent
infection). Babesia infection is endemic in dogs in Jeju
island. Further studies are needed to detect antigens and anti-
bodies following babesia infection and to determine when

and how long antigens are lost.

The ultra fast real-time PCR is easier and faster to test than
the general PCR: 15 minutes of whole blood incubation and
initial denaturation at 98°C for 30 sec, and 40 cycles of 98°C
for 3 sec, 60°C 8 sec, 72°C 3 sec in the quick PCR. The result
of qPCR showed the consistency with the general PCR. To
diagnose babesiosis in patients with anemia in the veterinary
clinic, it is difficult to confirm the diagnosis only with decrease
in the RBC index, regeneration anemia and thrombocytope-
nia. In addition to difficulty in distinguishing between eryth-
rocytes and babesia merozoites in blood smear and staining
results, it is often difficult to identify them in the early stages
of infection or in case of mild infection. Currently, it is nec-
essary to simultaneously diagnose clinical symptoms, general
blood test, blood smear staining, babesia antibody diagnosis
(20), and PCR antigen test (14). Highly specificity PCR anti-
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gen tests require a multiple equipment and time from DNA
extraction to gene amplification and identification. In this
study, the ultra fast real-time PCR with gDNA from blood
showed the same results as conventional PCR. And also ultra
fast real-time PCR with blood directly without DNA extraction
showed the same results. Ultra fast real-time PCR, with vari-
ous diagnostic tests for the babesiosis, is expected to be a
point-of-care testing (POCT) for easy, fast and accurate diag-
nosis of babesiosis in the veterinary clinic.
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