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Babesia gibsoni is one of the important pathogens causing severe incurable
canine babesiosis, suggesting the necessity to develop a sensitive, specific, and
highly automated diagnostic method for clinical application. Surface proteins are
ideal candidates for diagnostic targets because they are the primary targets for
host immune responses during host-parasite interactions. Glycosylphosphatidylinositol
(GPI)-anchored proteins are abundant on the surface of parasites and play an important
role in parasite diagnosis. In this study, a GPl-anchored protein named BgGPI47-WH
was obtained and mouse anti-rBgGPI47-WH polyclonal antibody was produced by
immunizing mice with the purified protein and Freund’s adjuvant. Western blot was used
to identify the native form and immunogenicity of BgGPI47-WH. An ELISA method was
established by using recombinant BgGPI47-WH protein to evaluate its potential as a
diagnostic antigen and the established method exhibited high specificity. The antibody
response was evaluated by using the B. gibsoni-infected sera collected from different
experimental dogs and the established ELISA could recognize antibodies at day 6 until
day 101 post infection, indicating the potential use of BgGPI47-WH for early stage
diagnosis. The specificity of the established ELISA was further evaluated by using 147
clinical samples collected from animal hospitals and 17.0% (25/147) of the samples were
tested positive, with an overall proportion agreement of 86.39% between the results from
BgGPI47-WH and BgSA1. Our results indicated that BgGPI47-WH could be used as
a reliable diagnostic antigen and this study has proposed a practical method for early
diagnosis of B. gibsoni.
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INTRODUCTION

Canine babesiosis is caused by tick-transmitted Babesia species
and geographically spread in dogs in China, with its distribution
matching that of its vector tick. Babesia gibsoni (B. gibsoni) is one
of the predominant Babesia species causing canine babesiosis in
dogs. Since its first discovery in India in 1910, B. gibsoni has been
reported in Asia, Australia, and even Europe (1, 2). Studies have
shown that it can spread through ticks, blood transfusion, and
placenta (2, 3). In 2017, He et al. reported the strain of B. gibsoni
in Wuhan and provided the molecular biological evidence such
as 18S rRNA and ITS gene sequence, confirming the epidemic of
Babesia in Wuhan from the evolutionary point of view (4).

The diagnosis of B. gibsoni mainly depends on blood smear
microscopy, but this method can be difficult for diagnosis of
chronic infection with a low erythrocyte infection rate and is
not suitable for epidemiological research of a large number
of samples. Additionally, a dog, once infected with B. gibsoni,
will become premonition immunity due to its vulnerability to
relapse. This suggests the necessity to develop a simple and fast
diagnostic method for clinical application. To this end, it is of
great significance to obtain some specific proteins for clinical
diagnosis of dogs and epidemiological investigation.

Parasite surface proteins are generally recognized as
prominent candidates for development of diagnosis method,
because they are the primary targets for host immune
responses during host-parasite interactions (5). There are
many proteins on the surface of B. gibsoni with an extracellular
form. Some of them are attached to the parasite surface by
glycosylphosphatidylinositol (GPI) anchor as exposed and
neutralized antibodies in the host (6). Additionally, GPI-
anchored proteins could be enzymatically removed from GPI
anchors by phosphatidylinositol-specific phospholipase C
(PI-PLC) and released into the extracellular environment to
participate in host-parasite interactions (7). GPI-anchored
proteins are relatively hydrophilic and most of them are
dominant vaccine candidates.

Currently, a total of 19 GPI-anchored proteins have been
screened in B. microti, and 17 of them were successfully expressed
and identified as potential diagnostic markers. Additionally, each
of them was proved to react with B. microti-infected serum.
The microarray antibody assay confirmed that BmGPI12 has the
highest sensitivity and specificity with the greatest potential as
a new diagnostic marker and drug target (8). In B. bovis, an
ELISA method was successfully established using MSA-2¢ with a
satisfactory detection result (9). However, there are few reports
on GPI-anchored proteins in Babesia-infected dogs. Only the
Bc28 multigene family has been reported to play a crucial role
in merozoite surface antigens in B. canine (10-12). This implies
that GPI-anchored proteins may play a vital role in detection
of Babesia.

To our best knowledge, there is no commercial diagnostic
kit available for identifying cases of Babesia in China. The
identification of GPI-anchored genes not only facilitates the
treatment of Babesia, but also provides new targets for
the development of sensitive, specific, and highly automated
detection methods. It will be useful for the early detection of

Babesia, and contribute to reducing the health burden of B.
gibsoni in dogs.

The purpose of this study was to use bioinformatics methods
to screen GPI-anchored proteins, followed by cloning and
expressing the target protein and establishing an ELISA method
to evaluate its possibility as a potential diagnostic antigen. This
study will help us to surveille B. gibsoni infection in dogs,
start treatment as early as possible, and control the epidemic of
dog babesiosis.

METHODS

Bioinformatics Analysis

The surface antigens of B. gibsoni were searched in the
database websites (https://www.ncbi.nlm.nih.gov/; http://www.
uniprot.org/; http://piroplasmadb.org/piro/) by bioinformatics.
The results were blasted with B. gibsoni (Wuhan strain) genome
to screen the potential surface proteins. GPI-anchor sequences
were predicted by bigPI (http://mendel.imp.ac.at/gpi/plant_
server.html), PredGPI (http://gpcr.biocomp.unibo.it/predgpi/),
and GPI-SOM (http://gpi.unibe.ch/). As a result, five B. gibsoni
(Wuhan strain) GPI-anchored protein genes were obtained,
which were named as BgGPI50-WH, BgGPI47-WH, BgGPI45-
WH, BgGPI32-WH, and BgGPI12-WH, respectively. All the five
candidate antigens were found to have GPI anchor sites at the
C-terminus, signal peptides, and multiple antigenic epitopes,
suggesting their high potential as diagnostic markers.

Experimental Animals and Strain

Three Beagle dogs were purchased from Anlu Laboratory Animal
Center and numbered as A, B, and C, respectively. All dogs were
confirmed to be Babesia free by PCR (13). B. gibsoni (Wuhan
strain) was preserved in our laboratory. The clinical samples were
collected from animal hospitals in Wuhan, China.

gDNA and Total RNA Extraction

Genomic DNA was extracted from the blood samples by using
the TTANamp Genomic DNA Kit (TTANGEN Biotech, Beijing,
China) according to the manufacturer’s instructions and stored
in —20°C until further use.

Total RNA was extracted from 400 L leukocyte-free B.
gibsoni-infected dog blood by using TRIzZol®RNA (Invitrogen,
California, USA) following the manufacturer’s instructions. The
RNA was converted into cDNA by reverse-transcribed PCR (RT-
PCR) using the Fast Quant® RT Kit (TTANGEN Biotech, Beijing,
China), and stored at —80°C until further use.

Cloning and Sequencing of BgGPI47-WH

The sequence of B. gibsoni P47 gene (BgGPI47-WH) was
amplified using both gDNA and cDNA from B. gibsoni as a
template with the specific primers (BgGPI47-WH-F/BgGPI47-
WH-R) (Table 1). The thermal cycling parameters included the
activation of TransStart KD plus DNA Polymerase at 94°C for
5min, 35 cycles of (denaturation at 94°C for 30s, annealing
at 60°C for 30s, extension at 68°C for 1 min 305s), and a final
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TABLE 1 | Primers used for the amplification of the partial BgGPI47-WH genes.

Primers Primer sequences (5'-3') Restriction enzyme
BgGPI47-WH-F 5/ -ATGAAAGTCATTAATACTTTCCTTCTATTC-3'
BgGPI47-WH-R 5'-TTAAAATACAGCGACAGCCACAG-3’

BgGPI147-WH-BamH |-F
BgGPI47-WH-Xho I-R

5'-CAGGATCCAATGGAGAAGATCAGGAAACAG-3'
5'-CTCGAGTTAAAATACAGCGACAGCCACAG-3’

BamH |
Xho |

Underline represents the restriction enzyme sites.

extension at 68°C for 10 min. The ORF sequence of BgGPI47-
WH was amplified from cDNA with specific primers (BgGPI47-
WH-BamH I-F/BgGPI47-WH-Xho I-R) (Table 1) using the same
PCR procedure as described above.

The lengths of the fragments were confirmed on 0.8% agarose
gel (TSINGKE Biological Technology, Beijing, China), and
then purified by Easy Pure® PCR Purification Kit (TransGEN,
Beijing, China). The purified products were cloned into a pEASY-
Blunt vector (TaKaRa Biotechnology, Beijing, China) and then
ligated into a pET-28a expression vector. All the constructs were
confirmed by DNA sequencing.

Expression of Recombinant Proteins

After cloning BgGPI47-WH gene into the expression vector
pET-28a with restriction enzyme BamHI and Xhol, his-
tagged recombinant proteins (rBgGPI47-WH) were expressed in
Transetta (DE3) E. coli cells. The soluble proteins were purified
by using ProteinPure Ni-NTA Resin (TransGEN Biotech, Beijing,
China) according to the manufacturer’s instructions.

Antibody Generation

Five KunMing mice were purchased from the Laboratory
Animal Center of Huazhong Agricultural University, and anti-
rBgGPI47-WH serum was raised in them 7 days later. The
mice were subcutaneously immunized with 100 g of rBgGPI47-
WH and Freund’s complete adjuvant (Sigma, Shanghai, China)
in the first immunization. The second immunization was
performed with the same amount of rBgGPI47-WH protein
emulsified with Freund’s incomplete adjuvant (Sigma, Shanghai,
China) after an interval of 14 days. The third and fourth
immunization were carried out using the same procedure for
the second immunization. The sera were collected and total
immunoglobulin Gs (IgGs) were purified from the sera by using
Protein G chromatography column (Beyotime Biotechnology,
Shanghai, China) according to the manufacturer’s instructions
and then stored at —20°C until further use.

Preparation of B. gibsoni Lysates and

Western Blot Analysis
Babesia gibsoni lysates were prepared as previously reported [30].
Briefly, the normal/infected erythrocytes were lysed with red
blood cell lysate buffer (Tris/EDTA/NaCl), and the precipitate
was collected after several washes with PBS, followed by storage
at —20°C for further use.

The  recombinant  rBgGPI47-WH  samples  were
electrophoresed on 12% SDS-PAGE gels and then transferred to
nitrocellulose membranes (Merck, New Jersey, USA) using the

Semi-Dry blotting system. B. gibsoni positive serum was used
as the primary antibody, and HRP-labeled goat anti-canine IgG
(Southern Biotech, USA) was used as the secondary antibody.

In order to identify native BgGPI47-WH, B. gibsoni-infected
and normal canine erythrocyte lysates were collected and reacted
first with mice anti-rBgGPI47-WH IgG, then with HRP-labeled
goat anti-mouse IgG, the secondary antibody. The antibody
reactive bands were detected by an electrochemiluminescence
(ECL) method. Preimmune mice serum was used as the
negative control.

Establishment of ELISA Method

An indirect ELISA was developed by using rBgGPI47-WH in
96-well plates as follows. (1) rBgGPI47-WH was diluted to an
appropriate concentration with a coating buffer (25 mmol/L
carbonate buffer solution, pH 9.6), followed by adding 100 nL
diluted rBgGPI47-WH to 96-well plates and incubation at 4°C
overnight. (2) The 96-well plates were washed three times with
washing buffer (0.5% Tween-20 in PBS, pH 7.2), followed by the
addition of 150 wL blocking buffer (1% BSA in washing buffer)
into the plates and incubation at 37°C (3) After three washes with
the washing buffer, 100 wL serum was added and incubated at
37°C. (4) After four washes with the same buffer, the secondary
antibody HRP-labeled goat anti-canine was added into the wells,
followed by incubation at 37°C and then four washes with the
same buffer. (5) Then, the plates were supplemented with 100
WL TMB (Tetramethylbenzidine) in substrate buffer containing
0.022% H,O,. Finally, the reaction was terminated by adding
0.25% HF and the 96-well plates were read at 630nm in an
ELISA reader.

Specificity Assay

Six different sera were collected for specificity assay, including
positive serum of Babesia canine (B. canine), Toxoplasma gondii
(T. gondii), Canine rabies virus (RABV), Strongyloides stercoralis
(S. stercoralis), Dog hydatid, and Canine parvovirus (CPV).
Meanwhile, the results were compared to those detected by
ELISA based on BgSA1-WH.

Antibody Response to rBgGPI47-WH in

Experimentally Infected Dogs

The B. gibsoni-infected erythrocyte was withdrawn from the
liquid nitrogen container and resuscitated in a water bath at
37°C. Each Beagle dog was intravenously infected with 5mL B.
gibsoni-infected blood and the parasitemia was detected every 3
days. Serum samples were collected every 3 or 7 days until day
101 post infection and stored at —20°C for further analysis. All
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A Signal peptide

BgGPI47-WH

FIGURE 1 | Sequence analysis of BgGPI47-WH. (A) Graphic depiction of BgGPI47-WH ORF. The sequence of BgGPI47-WH includes a signal peptide at the
N-terminus and a typical GPI anchor at the C-terminus. (B) The PCR amplification of BgGPI147-WH genes from gDNA and cDNA of B. gibsoni. Lane M: Marker; lane
1: The BgGPI47-WH from gDNA; lane 2: The BgGPI47-WH from cDNA; lane 3: Negative control.

GPI anchor

Beagle dogs in this experiment were treated strictly according to
standard animal welfare requirements.

Diagnosis of Clinical Samples

A total of 147 serum samples were collected from domestic
dogs in animal hospitals in Wuhan, China and detected
by the established ELISA method. Meanwhile, the results
were compared to those of another iELISA based on BgSAl
(unpublished data). All the results were repeated at least
three times. The overall proportion agreement between the
results of BgGPI47-WH ELISA and BgSA1-WH ELISA was
determined by using an online tool, EpiTools epidemiological
calculators  (http://epitools.ausvet.com.au/content.php?page=
Compare2Tests).

RESULTS

BgGPIl47-WH Sequence Analysis

The sequences of BgGPI47-WH were amplified from both gDNA
and ¢cDNA by PCR using the specific primers shown in Table 1,
and they were 1,390 and 1,353 bp, respectively (Figure 1B), with
a 37 bp intron in BgGPI47-WH gene from 338 to 374 bp. The
open reading frame sequence of BgGPI47-WH encodes 450 aa
with a predicted size of 49 kDa. Sequence analysis showed that
BgGPI47-WH has a signal peptide at the N-terminus from 1 to 19
aa and a typical GPI anchor at the C-terminus from 429 to 450 aa

(Figure 1A). NCBI blast showed that the sequence of BgGPI47-
WH gene was most similar (99.78%) to that of B. gibsoni strains
in dogs in Taiwan.

Expression of Recombinant Proteins

The ORF of BgGPI47-WH was obtained from B. gibsoni cDNA
by PCR (Figure 1B) and was then ligated to pET-28a expression
vector. The plasmid with correct sequencing was transferred
into E. coli transetta (DE3) and induced for expression. The
recombinant BgGPI47-WH (rBgGPI47-WH) containing a His-
tag was purified by ProteinPure Ni-NTA Resin with a 54 kDa
band (Figure 2). Meanwhile, the protein was collected and used
to generate antibody.

Identification of Native BgGPI147-WH and

Antigenicity Analysis by Western Blot
To identify the native BgGPI47-WH protein in B. gibsoni, anti-
rBgGPI47-WH polyclonal sera were raised in Kunming mice.
After purification using a Protein G chromatography column, the
polyclonal sera were used to detect B. gibsoni lysates. Western
blot results revealed one band of ~47 kDa in the lysate of B.
gibsoni-infected RBCs (Figure 3B), but no signal was observed in
the lysates of non-infected canine RBCs and preimmune serum
(data not shown).

The specific antigenicity of BgGPI47-WH was tested by
Western blot. After the reaction of the BgGPI47-WH protein
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with the positive serum from B. gibsoni-infected canine, using
the non-infected canine serum as a control, the specific band
of BgGPI47-WH was detected in the B. gibsoni-infected canine
serum, but not in the non-infected canine serum (Figure 3A).

Determination of Optimal Reaction

Conditions for the ELISA Method

Following the above steps, we established an ELISA method and
optimized the conditions. The optimal concentration of protein

kDa M 1

130
110
70

2 3 4 S5

55
40

35
25

15
10

FIGURE 2 | SDS-PAGE analysis of the recombinant BgGPI47-WH. Lane M:
Protein marker; lane 1: Induced protein; lane 2: Non-induced protein; lane 3:
Precipitated his-BgGPI47-WH in cell lysates; lane 4: Soluble his-BgGPI47-WH
in cell lysates; lane 5: Purified recombinant BgGPI47-WH protein.

or antibodies for ELISA was determined by preliminary titration
experiments, which was 0.25pg/mL of BgGPI47-WH specific
GPI-anchored protein in coating buffer. And the plates were
blocked with 150 wL/well blocking buffer for 30 min at 37°C.
The canine serum diluted at 1: 200 was used as the primary
antibody (100 pL/well) and incubated for 1h at 37°C. Then
HPR-labeled goat anti-canine diluted at 1: 8000 was used as the
secondary antibody (100 wL/well) and incubated for 1h at 37°C.
Each well was supplemented with 100 pL/well TMB containing
0.022% H,O, in substrate buffer and incubated for 10 min at
room temperature. After terminating, the 96-well plates were
read at 630 nm in an ELISA reader.

Determination of Specificity of

BgGPI47-WH-ELISA

To evaluate the potential of the rBgGPI47-WH expressed
in E. coli as a diagnostic antigen for B. gibsoni infection,
the purified rBgGPI47-WH was used to establish an ELISA
method. The specificity of the ELISA method was evaluated
by using the canine samples experimentally infected with B.
canine, T. gondii, S. stercoralis, RABV, Dog hydatid, and CPV.
All samples showed negative except B. gibsoni positive serum
(Figure 4). The results indicated that the established ELISA has
no cross reactivity with the positive dog serum of B. canine, T.
gondii, S. stercoralis, RABV, Dog hydatid, and CPV. Meanwhile,
BgSA1-WH ELISA showed no cross reactivity with the positive
dog serum of S. stercoralis and RABV (unpublished data).
Obviously, BgGPI47-WH ELISA is more specific than BgSA1-
WH ELISA.

Antibody Response to rBgGPI47-WH in
Experimental Dogs Infected With

B. gibsoni
To evaluate antibody response to rBgGPI47-WH, we collected
serum samples from experimental dogs infected with B. gibsoni

kDa M 1 2
110 =

70 a=—

55 e

. His-rBgP47-WH
«—54 kDa

40 =

35 e

25 e

15 am

FIGURE 3 | Western blot analysis of BgGPI47-WH. (A) Determination of antibody response of rBgGPI47-WH in B. gibsoni-infected canine serum. Lane M: Molecular
weight marker; lane 1: rBgGPI47-WH reacted with B. gibsoni-infected canine serum; Lane 2: rBgGPI47-WH was probed with normal serum from non-infected canine
serum. (B) Identification of native BgGPI47-WH in B. gibsoni. Lane M: Molecular weight marker; lane 1: B. gibsoni-infected canine RBC lysates were probed with
mouse anti-BgGPI47-WH serum; lane 2: Non-infected canine RBC lysates were probed with mouse anti-BgGPI47-WH serum.
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until day 101 post infection. The antibody response was detected
by the established ELISA method based on rBgGPI47-WH.
The results showed that the experimental dog B infected with
B. gibsoni exhibited a significant antibody response to the
BgGPI47-WH specific antigen on the sixth day post infection.
Meanwhile, experimental dogs A and C showed a significant
antibody response to the BgGPI47-WH specific antigen on
the eighth day post infection. The antibody continued to rise
from day 6 and 8 to day 11 and 20 until reaching a relatively
stable level, respectively. The antibody response of all the three
experimental dogs remained at high levels until day 101 after
infection with B. gibsoni, and even at a premonition stage of
infection, while the three dogs showed a significantly low level
of parasitemia (Figure 5).

1.2+
1.0+
@
£ 0.8-
=
[—4
e 0.6
o
=
QO 0.4-
0.2+ ® "
[ ]
. e o °
0.0 T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9
FIGURE 4 | Determination of specificity of BgGPI47-WH-ELISA. Lane 1:
Strongyloides stercoralis -infected dog sera; lane 2: Dog hydatid-infected dog
sera; lane 3: Canine parvovirus-infected dog sera; lane 4: Canine rabies
virus-infected dog sera; lane 5: Toxoplasma gondii-infected dog sera; lane 6:
Babesia canine-infected dog sera; lane 7: Positive control; lane 8: Negative
control.

Diagnosis of Clinical Samples by the ELISA
Based on BgGPI47-WH and BgSA1

A total of 147 samples collected from animal hospitals in
Wuhan, China were detected by ELISA method based on both
BgGPI47-WH and BgSA1l. Twenty-five of the 147 samples were
tested positive by BgGPI47-WH ELISA (17.0%). The overall
proportion agreement between the two ELISA methods was
calculated to be 86.39% by EpiTools.

DISCUSSION

B. gibsoni is an important causative agent of canine babesiosis in
the world, and early diagnosis of the disease plays an increasingly
important role in the pet industry. In this study, we discovered
a GPI-anchored protein termed as BgGPI47-WH in B. gibsoni
by the bioinformatics method. The sequence of BgGPI47-WH
was amplified from gDNA and cDNA of B. gibsoni using specific
primers. After sequencing, it was shown to contain a 37 bp intron
in the BgGPI47-WH from the gDNA of B. gibsoni. Bioinformatics
analysis showed that the BgGPI47-WH sequence includes a
signal peptide at the N-terminus and a typical GPI anchor
at the C-terminus. The amino acid sequence shared 99.78%
homology with that of BgP47 reported by Aboge et al. (14), and
41.05% homology with that of BgP50 reported by Liu et al. (15).
BgGPI47-WH was predicted by DNAStar Protean software to
have a high antigen index and a high surface probability. All
these bioinformatics analysis results indicated that BgGPI47-WH
could be a potential serodiagnostic antigen. Then, BgGPI47-WH
was ligated into the plasmid pET-28a and induced for expression.

Surface proteins are considered as good potential vaccine
candidates and diagnosis antigens, and have been confirmed to
play important roles in the invasion of host cells in Apicomplexan
protozoan (16-18). In Plasmodium falciparum, the GPI-
anchored circumsporozoite protein (CSP) and merozoite surface
proteins (MSP-1 and-2) of sporozoites and schizonts have been
shown to protect rodents from invasion in varying degrees

1.17
1.0
0.9 ’ o A
0.8 B
E 0.7 = C
= 0.6 Negative
52 0.5+
a
QO 0.4
0.3
0.24 .
0.1< ‘\x
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Infection days
FIGURE 5 | Antibody response to rBgGPI47-WH in dogs experimentally infected with B. gibsoni. The dog B experimentally infected with B. gibsoni exhibited a
significant antibody response to the BgGPI47-WH specific antigen on the sixth day post infection. The dogs A and C showed a significant antibody response to the
BgGPI47-WH specific antigen on the eighth day post infection. The antibody response of all the three experimental dogs remained at high levels until 101 days after
infection with B. gibsoni.
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(19). In B. bovis, variable merozoite surface antigens (VMSAs)
are important vaccine candidates to control B. bovis, and their
antibodies could neutralize the invasion of red blood cells in vitro
(20). GPI-anchored proteins have also been identified in Babesia-
infected dogs, such as the Bc28 family (10-12). In Toxoplasma
gondii, the SAG family has also been identified as an ideal
diagnostic antigen and vaccine candidate (21).

P47 has been reported as a surface protein (14, 22), and
the sequence of BgGPI47-WH is only one amino acid different
from the reported sequence, probably due to the large genetic
difference between geographical isolates. The BgGPI47-WH
protein was found to be expressed in the supernatant, while the
recombinant protein BgP47 of the Japanese strain B. gibsoni was
reported as an insoluble protein (22). All these reports indicated
that the BgGPI47-WH of Wuhan strain B. gibsoni has a higher
possibility of becoming a diagnostic marker than the BgP47 of
the Japanese strain B. gibsoni. Western blot analysis showed that
the BgGPI47-WH protein could differentiate B. gibsoni-infected
positive canine serum from non-infected negative canine serum
(Figure 3A), indicating the specific antigenicity of BgGPI47-WH.
Immunoblotting analysis of the native BgGPI47-WH revealed a
47 kDa band, corresponding to the expected size. All the results
showed that BgGPI47-WH could be a potential diagnosis antigen.

Recently, B. gibsoni has attracted renewed interest due to its
widespread in the world, and it is necessary to develop a sensitive
and specific detection method for screening potentially infected
animals to prevent the spread of the disease. The ELISA method
is easier to operate and has a higher specificity for a large number
of samples. BETRAP has been reported as a good candidate
antigen for serological diagnosis by indirect ELISA (23), but
it is difficult to express and has a low sensitivity, suggesting
the urgency for developing more prospective antigens (23, 24).
Researchers have identified many surface proteins in a cDNA
library and confirmed most of them as important candidates for
developing a diagnostic method to control B. gibsoni infection in
dogs (25). In the present study, we established a feasible ELISA
method with rBgGPI47-WH, which was able to differentiate
clinically canine samples infected with B. canine, T. gondii, S.
stercoralis, RABV, Dog hydatid, and CPV, with no cross reaction
observed between rBgGPI47-WH and the positive serum of the
above six antigens. Meanwhile, the ELISA with rBgGPI47-WH
could specifically recognize the antibody against BgGPI47-WH
from the sera collected from dogs experimentally or naturally
infected with B. gibsoni. In the serum samples derived from dogs
experimentally infected with B. gibsoni, the antibody response to
BgGPI47-WH became positive for dog B on day 6 post infection,
while the other two dogs became positive on day 8 post infection.
The results are consistent with the report by Fukumoto et al. (26),
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