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Abstract

Background and Aim: Feline platynosomiasis, also known as lizard poisoning, is a feline hepatic disease caused by the
parasitic trematode Platynosomum fastosum. Since this helminth resides in biliary ducts and gallbladder, the heavy infection
can lead to failure of the hepatobiliary system and can be associated with cholangiocarcinoma. The primary diagnostic
tool currently used is conventional fecal microscopy. However, low sensitivity of detection could occur in the case of light
infection or biliary obstruction. This study aimed to determine the antibody-specific pattern of P. fastosum crude antigen and
to identify immunoreactive proteins to develop the immunodiagnostic techniques.

Materials and Methods: We investigated potential antigens specific to P. fastosum infection using western blotting. Forty-
six samples of cat serum, including 16 P. fastosum-infected sera, eight healthy control sera, and 22 sera infected with other
endoparasites were used. The sensitivity, specificity, positive predictive value, and negative predictive value of each band
were calculated. Immunoreactive bands with high diagnostic values were further analyzed using liquid chromatography-
tandem mass spectrometry (LC-MS/MS) to identify the protein components.

Results: Using immunoblotting, three proteins of 72 kDa, 53 kDa, and 13 kDa were found to be immunogenic. LC-MS/MS
identified these proteins as a 70 kDa heat shock protein, a hypothetical protein (CRM22_002083) (adenosine triphosphate
synthase subunit beta), and histone H2B, respectively.

Conclusion: This study is the first to reveal three proteins that could be candidates for developing diagnostic tools for feline
platynosomiasis.

Keywords: candidate antigens, crude worm extracts, immunoblotting, liquid chromatography-tandem mass spectrometry,
Platynosomum fastosum.

Introduction especially frequent in areas favoring the development
of intermediate hosts [2]. Its prevalence between 2019
and 2020 was estimated to be 8.9% in Bangkok and
its vicinity, a value achieved by performing three
replicates of each sample to increase the sensitivity
of parasite egg detection (manuscript in preparation).
As cats are predators, they can become infected by
hunting lizards, geckos, and isopods carrying infec-
tive metacercaria. The snail Subulina octona serves
as the first intermediate host. Terrestrial lizards and
isopods are the second intermediate host, and har-
Copyright: Soe, et al. Open Access. This article is distributed under ~ bor infective stage metacercaria [3]. Although the
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permits unrestricted use, distribution, and reproduction in any sionally appear in the case of chronic and/or heavy
e, PoASed you e sppropete el to the ool infection (4] Histopathological lesions, including
license, and indicate if changes were made. The Creative Commons cholangitis, cholangiohepatitis, ChOlecyStitiS, periduc—
Public Domain Dedication waiver (http://creativecommons.org/ tal fibrosis, biliary cirrhosis, and cholangiocarcinoma

publicdomain/zero/1.0/) applies to the data made available in this ) N
article, unless otherwise stated. have been found to be associated with P. fastosum

Platynosomum fastosum, syn. Platynosomum
illiciens, and Platynosomum concinnum are a cat
liver fluke residing in the hepatobiliary system, and
prolonged infection can make cats succumb to bile
duct cancer [1]. In contrast, feline platynosomiasis,
or lizard poisoning, seems to have been neglected as
most of the data about its prevalence comes from post-
mortem findings. A worldwide prevalence of between
15% and 85% has been reported, and the parasite is
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infection [1]. Treatment with praziquantel is generally
recommended, but its efficacy is still unclear, and the
accurate dosage is still unknown [5, 6].

Although the conventional microscopic exam-
ination is the primary diagnostic tool used to detect
parasite eggs in the feces, the sensitivity of detection
by this method is low in cases of light infection and
possibly intermittent egg shedding [2]. A conven-
tional fecal examination can only detect the shedding
of P. fastosum eggs when they are mature and produc-
tive, so false negative results can occur if the fecal
examination is performed during the prepatent period.
In addition, no P, fastosum eggs can be detected in cat
fecal samples in cases of complete biliary obstruction.
Given the aforementioned limitations, serological tests
are the method of choice for the detection of exposure
to the parasite, especially during active infection, even
in the non-productive stage. The reliability of these
tests is not clear since common antigens have been
reported from different parasitic helminths [7]. The
investigation of immunodominant antigens from par-
asite products could be beneficial in overcoming this
issue. For the development of serodiagnosis tests, par-
asite antigens derived from crude worms, excretory,
secretory, and parasite tegument extracts have been
shown to be highly immunogenic, and potentially
beneficial as a tool for early serodiagnosis [8]. Until
now, pre-mortem diagnosis of P. fastosum infection
relied on conventional fecal microscopic techniques.
There have been no comprehensive reports inves-
tigating antigenic components and characterizing
the potential antigens of P. fastosum for developing
immunodiagnostics.

In this study, we investigated potential antigens
specific to P. fastosum infection, using western blot
analysis of P. fastosum crude antigens against infected
cat sera. The diagnostic power of each immunore-
active band or combination of bands was calculated
and compared. The protein components of the three
immunoreactive bands with the highest sensitivity and
specificity were further investigated using liquid chro-
matography-tandem mass spectrometry (LC-MS/MS).

Materials and Methods

Ethical approval

All procedures, including the collection of par-
asites from the necropsied cats and serum samples,
were approved by the Institutional Animal Care and
Use Committee (IACUC No. 2031011) and Biosafety
Committee (IBC No. 2031054), Faculty of Veterinary
Science, Chulalongkorn University, Thailand.

Study period and location

The study was conducted from August 2018 to
June 2021. The parasitological diagnosis of P. fas-
tosum by coprological examination was conducted
at Parasitology Unit, Faculty of Veterinary Science,
Chulalongkorn University. P. fastosum adult worm
samples were collected from carcasses at Pathology
Unit, Faculty of Veterinary Science, Chulalongkorn

University. P. fastosum-positive and non-P. fastosum
positive and negative control serum samples were
collected from the Small Animal Teaching Hospital,
Faculty of Veterinary Science, Chulalongkorn
University. Carmine staining, adult worm protein
extraction and immunoreactive protein identification
were performed at Department of Helminthology,
Faculty of Tropical Medicine, Mahidol University.

Sample collection and identification

Adult P. fastosum worms were collected from
the liver, bile duct, and gallbladder during necropsy
of the carcasses of three infected cats that died from
different causes. Physiological saline (0.85% NaCl)
was used to thoroughly rinse the dissected liver and
gallbladder tissue samples to harvest the parasites.
The worm samples were quickly washed with distilled
water and prepared for crude worm antigens (CWAs).

To confirm the morphology of P. fastosum, con-
ventional and ultrastructural morphology were con-
ducted using the same batch of parasites (manuscript
in revision). For parasite identification, the flukes
were fixed in 5% formalin and stained overnight with
Semichon’s acetic carmine (Carmine, Sigma-Aldrich,
Inc., St. Louis, USA), then dehydration was per-
formed using a graded series of ethanol (30%, 50%,
70%, 95%, and 100%) for 10 min each. The specimen
was cleared in xylene for 5 min and mounted using
a permanent mounting medium (Permount, Thermo
Fisher Scientific Inc., Waltham, USA). Subsequently,
the specimens were identified according to their mor-
phology, as described by Pinto ef al. [3].

For molecular taxonomic identification, the
DNA extracted from the P. fastosum worm samples
and fecal egg samples were sequenced and compared
to data deposited in GenBank as part of a molecular
study (manuscript in preparation). Briefly, the partial
ITS1-5.8S region of P. fastosum was amplified using
a polymerase chain reaction (PCR), and the nucleo-
tide sequences were analyzed using the NCBI BLAST
program  (https://blast.ncbi.nlm.nih.gov/Blast.cgi).
Using PCR, we detected targeted amplicons with the
expected size specific to P. fastosum from all P. fas-
tosum egg-positive samples. The DNA sequence was
confirmed as P, fastosum using the reference sequence
deposited in GenBank (KU987672-KU987674), as
described by Nguyen et al. [9].

Preparation of CWAs

The CWAs were prepared according to a protocol
previously described by Adisakwattana et al. [10]. The
parasite specimen was homogenized with lysis buffer
containing 0.01 M phosphate-buffered saline (PBS,
pH 7.2), 10 mM Tris-HCI, 150 mM NacCl, 0.5% Triton
X-100, 10 mM EDTA, and 1 mM PMSF (P-7626,
Sigma-Aldrich, Inc.) using a glass tissue homoge-
nizer. The mixture was then sonicated at 20% ampli-
tude for 5 min in an ice bath with a 15 s pulse on and
15 s pulse off, using an ultrasonic processor, the Vibra
cell™ VC-505 (Sonics & Materials Inc., Newtown,
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USA). Subsequently, the suspension was centrifuged
at 5000 g for 20 min at 4°C to remove insoluble mate-
rials. Finally, the supernatant was collected and mea-
sured for protein concentration using the Bradford pro-
tein assay [11] with Bio-Rad protein assay reagent kits
(Bio-Rad Laboratories Inc., Hercules, USA). Bovine
serum albumin was used as a standard.

Serum samples

A total of 46 serum samples were used in this
study (Table-1). P, fastosum-positive sera and sera from
animals infected with other helminths were obtained
from cats whose infection status was screened by cop-
rological examination using conventional microscopy,
as previously described [12], and using conventional
PCR in another study by our group using a previously
published protocol [9]. At least three replicates of each
sample were used for conventional microscopy. For
the eight healthy control sera, the inclusion criteria for
the recruitment of cats were: clinically healthy with no
P. fastosum egg in feces at the blood collection time,
normal liver biochemical profiles, history of regular
deworming, and exclusively indoor status. To calcu-
late the specificity, sensitivity, and cross-reactivity, 22
serum samples from cats infected with other common
parasites containing nematodes (Ancylostoma spp.,
Toxocara spp., Trichuris spp., Strongyloides spp.),
cestodes (Dipylidium caninum, Taenia taeniaeformis),
and protozoa (Cystoisospora spp.) were also collected.
To produce significant results, individual serum sam-
ples were used for immunoblotting.
Sodium dodecyl-sulfate polyacrylamide gel electro-
phoresis (SDS-PAGE) and immunoblotting

SDS-PAGE of CWAs was performed using
the Hoefer™ Mighty Small™ II Mini Vertical
Electrophoresis System (Thermo Fisher Scientific
Inc., Waltham, USA). Aliquots of 15 ug of protein
sample were run on SDS polyacrylamide gels consist-
ing of a 15% separating and a 4% stacking gel, as pre-
viously described [13]. Pre-stained standard protein

Table-1: Number of serum samples and diagnosis methods.

markers (Bio-Rad) covering the range of 10-170 kDa
were used for calibration, and the gel was run at a
constant current of 40 mA for approximately 2 h at
25°C until the dye front reached the bottom of the gel
plate. After electrophoresis, the protein patterns were
visualized using Coomassie Brilliant Blue G staining
overnight or silver staining (Sigma-Aldrich, Inc.).
Immunoblotting was performed as described
by Adisakwattana et al. [10] and Towbin et al. [14].
Briefly, the proteins from the gel were transferred
to nitrocellulose membrane (Bio-Rad) using a semi-
dry blotting apparatus, HorizeBlot (Atto Co., Tokyo,
Japan), for 100 min at 140 mA. The whole blotting
process was done in the transfer buffer containing
25 mM Tris, 192 mM glycine, 0.2% SDS, and 20%
methanol. After the transfer process, the nitrocel-
lulose membrane was air-dried and cut into 0.3 cm
strips. Nonspecific binding was blocked with block-
ing solution [5% skimmed milk in 1xPBST (PBS with
0.05% Tween® 20, Biotium Inc., Fremont, USA, pH
7.4)] for 1 h. Subsequently, the membrane strips were
quickly washed with 1x PBST and incubated with P
fastosum-infected cat serum samples as the primary
antibody, diluted 1:100 with 5% skimmed milk in 1%
PBST, overnight. Each strip was thoroughly washed
four times with 1x PBST for 5 min, then reacted
with horseradish peroxidase-conjugated goat anti-fe-
line Immunoglobulin G (IgG) (Southern Biotech,
Birmingham, USA) at a dilution of 1:1000 with 5%
skimmed milk in 1x PBST for 1 h. The strips were
washed with 1x PBST 4 times for 5 min each. Finally,
the color reaction was developed by adding 6 mg of
3,3'-diaminobenzidine  substrate  (Sigma-Aldrich,
Inc.). Distilled water was used to stop the enzymatic
reaction. All steps were performed at 25°C using a
rocking platform shaker. To evaluate the specificity
and sensitivity of these antigenic proteins, sera from
healthy control cats and cats infected with other para-
sites (Ancylostoma spp., Toxocara spp., Cystoisospora

Species infected No. of sera Types of sample Diagnostic methods
Trematode
Platynosomum fastosum 16 Feces PBS-ethyl acetate centrifugal sedimentation
Feces Conventional PCR
Nematodes
Ancylostoma spp. 5 Feces PBS-ethyl acetate centrifugal sedimentation
Toxocara spp. 5 Feces PBS-ethyl acetate centrifugal sedimentation
Trichuris spp. 2 Feces PBS-ethyl acetate centrifugal sedimentation
Strongyloides spp. 2 Feces PBS-ethyl acetate centrifugal sedimentation
Cestodes
Dipylidium caninum 2 Feces PBS-ethyl acetate centrifugal sedimentation
Taenia taeniaeformis 2 Feces PBS-ethyl acetate centrifugal sedimentation
Protozoa
Cystoisospora spp. 4 Feces PBS-ethyl acetate centrifugal sedimentation
Control
Healthy 8 Feces PBS-ethyl acetate centrifugal sedimentation
Blood Liver biochemical profiles
Tumor markers (CEA and AFP)
Total 46

PCR=Polymerase chain reaction, CEA=Carcinoembryonic antigen, AFP=Alpha-fetoprotein, PBS=Phosphate buffered saline
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spp., D. caninum, T. taeniaeformis, Trichuris spp., and
Strongyloides spp.) were also tested. The immunoblot
strips were scanned using a Bio-Rad Image Scanner
(Bio-Rad).

LC-MS/MS analysis

The immunogenic bands were cut and subjected
to gel tryptic digestion using an in-gel digestion method
as described by Chienwichai et al. [15]. Briefly, the
gel was destained in 50% acetonitrile until it became
colorless, and then all solution was removed. Then 10
mM dithiothreitol was added to reduce the disulfide
bonds. The gel pieces were then alkylated in 10 mM
1odoacetamide in the dark for 1 h, after which the
solution was discarded. The gel fragments were then
added to acetonitrile and stored at 25°Cfor 5 min. The
proteins in the gel plug were immersed in 10 ng/ulL
trypsin and incubated in 30% acetonitrile at 37°C
overnight. Subsequently, the peptide products were
extracted from the gel fragments using 50% acetonitrile
and 0.1% formic acid and kept at —80°C until use. The
tryptic peptide samples were then analyzed for amino
acid sequences using a tandem mass spectrometer
coupled with a nano-liquid chromatography system
(Thermo Fisher Scientific Inc.). Data from the mass
spectrometry analysis were searched against the
platyhelminth NCBI database with the MASCOT
search  engine  (http://www.matrixscience.com/)
(Matrix Science, London, UK) to identify the amino
acid sequence. The search parameters accounted for
the trypsin digestion and monoisotopic mass and
allowed a maximum of one missed cleavage. The
peptide and fragment mass tolerance were set as 0.8
Da and 0.8 Da, respectively. Variable modifications
were set to carbamidomethylation of cysteine and
oxidation of methionine. Proteins with a significant
match score (p < 0.05) were reported. Finally, the
protein ID scores, peptide matches, and percentage of
sequence coverage were evaluated.

Statistical analysis

The sensitivity, specificity, positive predictive
value, and negative predictive value of each immu-
nogenic band were calculated using 2 X 2 matrix table
as described by Anuracpreeda et al. [8]. For further
clinical and field practice, the cumulative probability
of the diagnostic potential between immunogenic pro-
teins was also tested.

Results

Immunopatterns specific to platynosomiasis in cats
On the SDS-PAGE gels, P. fastosum crude worm
extracts showed protein bands with molecular weights
ranging from 120 to 13 kDa. Distinct bands appeared
at 75 kDa, 60 kDa, 45 kDa, 36 kDa, 30 kDa, 25 kDa,
19 kDa, 16 kDa, and 13 kDa (Figures-la and b).
Immunoblotting was performed to determine the spe-
cific immunogenic pattern of P. fastosum-infected cat
serum. Seven major proteins were found in the sera
of P, fastosum-infected cats. Their molecular weights

STD  CWAs

75
60
45

36,30 36, 30

25 25

19,16 19,16

13 13

10

Figure-1: SDS-PAGE protein patterns of CWAs of
Platynosomum fastosum. CWAs (15 ug) were separated
using 15% SDS-PAGE. Numbers on the right margin
show the different ranges of protein patterns using
(a) Coomassie staining; (b) silver staining. STD=Standard
molecular weight marker, CWAs=Crude worm antigens,
SDS-PAGE=Sodium dodecyl-sulfate polyacrylamide gel
electrophoresis.

were 72 kDa, 60 kDa, 53 kDa, 43 kDa, 37 kDa,
30 kDa, and 13 kDa. The percentage of immunoreac-
tivity of each antigenic component against the sera of
P. fastosum-infected cats, healthy control cats, and cats
infected with other parasites are shown in Table-2. Of
these seven major bands, those at 72 kDa, 53 kDa, and
13 kDa were found to be immunogenic proteins since
their reactivity percentages were 81.25% (13/16),
81.25% (13/16), and 62.5% (10/16), respectively.
Immunoblotting results for all serum samples tested
are shown in Figures-2a-c.
Analysis of sensitivity, specificity, and predictive
values

The individual and cumulative sensitivity, spec-
ificity, positive predictive values, and negative pre-
dictive values of these three immunogenic bands
are shown in Table-3. Of these three bands, those at
53 kDa and 13 kDa showed 100% specificity, whereas
that at 72 kDa had 78.94% specificity. A sensitivity of
84.21% was obtained for the 72 kDa and 53 kDa pro-
teins, whereas the 13 kDa had a sensitivity of 72.72%.
The cumulative sensitivity and specificity of these
three immunogenic bands were calculated using two
options, either one protein or another and both proteins,
as referred as either/or and both/and. With the either/
or option, the sensitivity percentage was increased and
the specificity was slightly decreased. However, when
we analyzed either the 53 kDa or 13 kDa proteins,
both sensitivity and specificity became higher, at
88.88% and 100%, respectively. When both proteins
were analyzed together, the specificity was increased
to 100% in all cases, but the sensitivity was decreased.

Mass spectrometry analysis
After the immunoblot analysis, potential can-
didate proteins were investigated. After the bands of
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Table-2: Immunoreactivity of components antigenic to P. fastosum-infected sera, healthy control sera, and sera from
animals infected with other parasites.

72 kDa (%) 60 kDa (%) 53 kDa (%) 43 kDa (%) 37 kDa (%) 30 kDa (%) 13 kDa (%)

P. fastosum- 81.25(13/16) 31.25(5/16) 81.25(13/16) 18.75(3/16) 25 (4/16) 31.25(5/16) 62.5(10/16)
infected cases

Healthy control 50.00 (4/8) - - - - - -
Other parasites- 18.18 (4/22) 13.63 (3/22) - 9.09 (2/22) — - -
infected cases

—=Nothing appeared. P. fastosum=Platynosomum fastosum

Table-3: Cumulative sensitivity, specificity, positive predictive value, and negative predictive value of potential antigenic
bands.

Sensitivity (%) Specificity (%) Predictive values (%)
Positive Negative
72 kDa 84.21 78.94 66.66 90.90
53 kDa 84.21 100 100 90.90
13 kDa 72.72 100 100 83.33
72 or 53 kDa 94.11 78.94 66.66 96.77
72 or 13 kDa 88.88 78.94 66.66 93.75
53 or 13 kDa 88.88 100 100 93.75
72 and 53 kDa 84.21 100 100 90.90
72 and 13 kDa 69.56 100 100 81.08
53 and 13 kDa 69.56 100 100 81.08
72, 53 and 13 kDa 69.56 100 100 81.08

High percentage of sensitivities and specificities (in bold) occurred in two conditions: using either 53 kDa or 13 kDa and
using both 72 kDa and 53 kDa proteins

[LE——
72 B
55 | W
43 | ———
34—
26 .
o A « 13kDa 50
A Ts—— & & & & F FEE L LSS
1 $5 |l | I
72— & i
S5 waae
43 —
34 -
26
17 .
10

Figure-2: Western blot analyses of Platynosomum fastosum crude worm antigens using P. fastosum-infected cat
sera, healthy control sera, and sera infected with other endoparasites as probes. (a) The bands at 72 kDa, 53 kDa,
and 13 kDa (arrowheads) were detected using sera from P. fastosum-infected cats (n = 16) with a high percentage
of reactivity. (b) The weak band at 72 kDa was detected in 50% (4 out of 8 cats) using sera from healthy control cats
(n = 8). (c) Western blot analyses using sera from cats infected with other endoparasites (n = 22). As=Ancylostoma
spp., Ts, Toxocara spp., Cs=Cystoisospora spp., Dc=Dipylidium caninum, Trs=Trichuris spp., Sgs=Strongyloides spp.,
Tas=Taenia taeniaeformis.
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interest were excised and digested with trypsin, the
resulting peptide digests were identified using a nano
LC-MS/MS. According to the MASCOT results, a
70 kDa heat shock protein (HSP70) from Paragonimus
westermani, a hypothetical protein (CRM22 002083)
(adenosine triphosphate (ATP) synthase subunit beta)
of Opisthorchis felineus, and histone H2B proteins of
Trichobilharzia regenti had the highest MS scores, and
several peptides matched with the 72 kDa, 53 kDa, and
13 kDa bands. The protein accession numbers in the
database, protein scores, theoretical molecular weight,
and peptide matches are shown in Table-4.

Discussion

In this study, we aimed to determine the anti-
body-specific pattern of P, fastosum crude antigens, and
to identify immunoreactive proteins to develop immu-
nodiagnostic applications. Many P. fastosum-infected
cats have been diagnosed at the necropsy table. This
observation could imply that the disease is still over-
looked, possibly because it is mostly asymptomatic [2].
Since neoplastic changes in the biliary epithelium have
been reported, P. fastosum is considered to be an etio-
logic agent for cholangiocarcinoma [1]. Despite its vet-
erinary importance, the genomic dataset of the cat liver
fluke P, fastosum is still poorly understood. Interest in
using a serodiagnosis approach has increased, since
this approach could detect the presence of the parasite
even when it is in the prepatent period [16]. The pres-
ence of PCR inhibitors in fecal egg samples can affect
PCR reaction [17].

Furthermore, PCR approach has not been used
in on-site clinics, as expensive equipment and trained
personnel are required [ 18]. Given these problems, the
development of early serodiagnosis tools is import-
ant. Until now, there has been no information about
P. fastosum antigens that might be useful in developing
serodiagnosis tools. In this study, CWAs of P. fastosum
were investigated. Three proteins were considered to
be immunogenic and further analyzed using liquid
chromatography-tandem mass spectrometry.

Three proteins, with weights of 72 kDa, 53 kDa,
and 13 kDa, showed a high percentage of immuno-
reactivity, of 81.25%, 81.25%, and 62.5%, respec-
tively. Although the 72 kDa protein showed 81.25%
immunoreactivity against P. fastosum-infected sera,

this protein was also found to react with 50% (4/8) of
healthy control cat sera. This reactivity could be due
to previous P. fastosum infection of healthy control
cats, resulting in the formation of an immune com-
plex with remaining circulatory antibodies. Although
our recruitment criteria were stringent, only a single
fecal examination was performed. Antibodies are pro-
duced following exposure of the host to a pathogen,
and this production is affected by the host’s immu-
nologic status, so the development of detection meth-
ods that can distinguish the current active infection
from the previous infection is important [19]. To
overcome this issue, antibody-based serodiagnosis
to detect antigens against a specific parasite [20], or
antibody subclass determination, should be further
pursued since the detection of the earliest immune
responses could be beneficial [21]. The relationship
between parasite exposure and the development of
parasite-specific antibody responses has previously
been investigated, in situations such as Schistosoma
mansoni infection [22] and Opisthorchis viver-
rini infection [23], in which 1gG4 was found to be
involved in the development of protective immunity
and the intensity of infection.

The cumulative sensitivity and specificity of the
three immunogenic proteins were analyzed to evalu-
ate the potential of serodiagnosis for clinical usage.
The 72 kDa and 53 kDa proteins had a sensitivity of
84.21%, whereas the 13 kDa-sized protein had a sen-
sitivity of 72.72%. However, sensitivity was increased
when the either/or condition of the three proteins was
chosen. Thus, the option of either/or should be used to
identify P. fastosum-infected cats with high sensitivity
using the three proteins. In contrast, 100% specific-
ity was shown for the 53 kDa and 13 kDa proteins,
whereas the 72 kDa protein was detected with a sensi-
tivity of 78.94%. When we tested a combination of the
72 kDa and 53 kDa proteins, the specificity reached
100% with unchanged sensitivity. For the three immu-
nogenic proteins, 100% specificity occurred in two
conditions: using either the 53 kDa or the 13 kDa
protein, and using both 72 kDa and 53 kDa proteins,
to rule out non-infected cases. Therefore, we suggest
that either the 53 kDa or the 13 kDa protein might be
a good candidate for the definitive diagnosis of feline
platynosomiasis with a sensitivity of 88.88% and a

Table-4: Identification of candidate proteins from crude worm extracts of Platynosomum fastosum using a nano LC-MS/MS.

Protein (MW) Protein (helminths) Accession no. Theoretical Protein No. of matched
MW score peptides

72 kDa 70 kDa Heat shock protein KAA3675093.1 70 658 34
(Paragonimus westermani)

53 kDa Hypothetical protein TGZ72442.1 55 236 15
CRM22_002083
(ATP synthase subunit )
(Opisthorchis felineus)

13 kDa Histone H2B VDQO05944.1 13 82 4
(Trichobilharzia regenti)

LC-MS/MS=Liquid chromatography-tandem mass spectrometry, MW=Molecular weight
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specificity of 100%, respectively. Sera derived from
cats infected with O. felineus or Clonorchis sinensis,
could be included in further investigations to address
whether cross-immunoreactivity with parasite fami-
lies other than P, fastosum could occur.

Some studies have investigated the diagnos-
tic potential of antigens from parasite crude worm
extracts [8, 20, 24-27]. For instance, 37 kDa and
28 kDa antigens were detected in CWAs of C. sinensis,
in which recombinant cathepsin L protease (35kDa)
was revealed as a reliable diagnostic antigen with a
sensitivity of 96% and a specificity of 96.2% [24]. The
diagnostic value of recombinant HSP70 has been ana-
lyzed out of six immunodominant proteins (120 kDa,
110 kDa, 95 kDa, 80 kDa, 70 kDa, and 65 kDa) in
schistosomiasis [25, 26]. Moreover, 100 kDa, 70 kDa,
43 kDa, and 37 kDa proteins were identified as major
immunoreactive bands for O. viverrini infection
in humans, a finding which led to the evaluation of
the diagnostic potential of recombinant cathepsin
B1 (44 kDa) [27, 28]. Compared to these helminths,
P. fastosum had specific immunodominant antigens of
72 kDa, 53 kDa, and 13 kDa.

A lack of data is a barrier to the further devel-
opment of recombinant technology, as few sequences
of P. fastosum have been described to date. At pres-
ent, mass spectrometry is an indispensable tool for the
identification of proteins of interest [29]. The candi-
date antigens revealed by immunoblotting were there-
fore characterized using mass spectrometry. Although
it may not be possible to compare the sequences pro-
duced using mass spectrometry within the same spe-
cies, we were able to check with other closely related
helminths. From the LC-MS/MS analysis, an HSP70,
a hypothetical protein (CRM22 002083) (ATP syn-
thase subunit beta), and histone H2B proteins were
determined to be the most significant immunogenic
proteins.

Heat shock proteins are known to be molecular
chaperones and are classified into different families
according to their molecular weights. They primar-
ily involve protein synthesis, modifying processes,
and several immune responses [30]. Since HSPs can
elicit pro- and anti-inflammatory cytokines, these
proteins also play pivotal roles in innate immune
responses. Due to the multi-host life cycle of para-
sites, they have to overcome the dissimilar condition
of growth by the parasite throughout their biological
cycle. Parasite HSPs play an integral part in dealing
with hostile environments by mediating environmen-
tal stresses and cellular homeostasis [31]. Heat shock
proteins have been considered to be major immuno-
gens in parasites, recognized by humoral immune
responses [32] and detected by immunohistochemis-
try studies [33]. As previously described, the fusion
of bovine HSPs and DNA vaccines encoded with tri-
ose phosphate isomerase (SjCTPI) or the tetraspanin
membrane protein (SjC23) of Schistosoma japonicum
has been shown to reduce fecal miracidial hatching,

which in turn reduced in worm burden and the trans-
mission of schistosomiasis [34]. Heat shock protein
70 has also been considered as a diagnostic candidate
for helminth infections such as schistosomiasis in a
murine model and in humans, as well as trichinellosis
in rabbits, pigs, and rodents [32, 35, 36]. Recombinant
major egg antigens (HSPs) of P westermani have
been shown to be a target antigen for the serodiagno-
sis of paragonimiasis [37]. We, therefore, suggest that
HSP70 proteins could be major constituents of crude
worm extracts of P. fastosum and could be useful as
candidate antigens for immunodiagnosis.

In this study, the 53 kDa protein appeared to be
involved in ATP synthesis as an ATP synthase 3 subunit.
Mitochondrial ATP synthase is a complex enzyme with
multiple subunits and is essential for oxidative phos-
phorylation under physiological conditions. Adenosine
triphosphate synthase plays a critical role in a number
of mitochondrial functions, such as the formation of
reactive oxygen species, Ca?>" homeostasis, and tumor
growth. Desensitization of the permeability transition
pore by ATP synthase has been found to promote apop-
tosis in the primary phase of cancer development. Since
abnormal regulation of ATP synthase subunits has
occurred in different cancer cell lines, this enzyme has
been considered a novel target for cancer treatment [38].
ATPase plays a key role in nematode metabolism and is
located mainly in the mitochondria, intracellular fluid,
and microsomes. ATPase may, therefore, be involved in
parasite behavior and responses during infections [39].
Adenosine triphosphate synthase is one of the most
abundant proteins in Schistosoma mekongi eggs [40]
and adult O. viverrini flukes [41]. In mosquitos infected
with malaria, the ATP synthase subunit gene was dis-
rupted by ablating the protein that converts ADP to
ATP, resulting in the reduction of asexual parasite
growth [42]. Until now, few studies have investigated
this enzyme’s involvement in helminth infection. Since
parasite mitochondria play a pivotal role in parasite
survival and adaptation to the host environment [43],
their potential roles in diagnosing P, fastosum infection
require further investigation.

Thirteen H2B isoforms have been shown to be
involved in posttranslational modifications such as
acetylation, methylation, and phosphorylation [44].
Histones are also involved in immune responses by
producing antimicrobial proteins from their N-terminus
end [45]. In the complex parasite life cycle, histone
proteins play pivotal roles in epigenetic mechanisms,
especially parasite development and response to envi-
ronmental cues, through posttranslational modifications
mediated by chromatin-linked proteins [46]. Recently,
histones and histone modifying enzymes were shown
to be novel drug targets for protection against par-
asitic infection [47]. Despite their unclear role, the
upregulation of histones could produce chromatin
modifications, resulting in misfolding or mispackag-
ing chromatin, which may lead to DNA damage [48].
Therefore, the targeting of parasite chromatin proteins
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becomes of considerable interest. In the previous stud-
ies, histone has been shown to be secreted copiously by
S. japonicum and O. viverrini [41, 49]. Plasmodium fal-
ciparum histones have recently been demonstrated to
be a causal agent involved in the pathogenesis of cere-
bral malaria [50]. It was, therefore, interesting to see
this protein identified as immunogenic in the current
study. However, the diagnostic potential of histones in
helminth infection remains unclear. In this study, we
identified histone proteins as neglected novel antigens,
and thus the possibility of recombinant histone proteins
for the diagnosis of feline platynosomiasis should be
pursued further.

Recombinant antigens are reliable and practi-
cal to use in serodiagnosis, since cross-reactivity can
be reduced and reproducible results produced [51].
Recombinant protein production would, therefore, be
a valuable avenue of future research. However, recom-
binant techniques are dependent on existing data-
bases, and there are very limited sequences available
for P. fastosum. Further recombinant protein studies of
these three immunogenic proteins would therefore be
challenging. To solve this problem, a genome database
must be established for P. fastosum. We investigated
three immunogenic proteins and established their
diagnostic potential for further clinical application.

Conclusion

This study is the first attempt to identify specific
antigens that could be used for the serodiagnosis of
P, fastosum infection. Since most of the P. fastosum-in-
fected cats were diagnosed at postmortem examina-
tion, serodiagnosis would be helpful to determine
the presence of infection regardless of prepatent
infection, light infection, or biliary obstruction. We
investigated the diagnostic potential of three immu-
nogenic proteins. If an early diagnosis can be made
before biliary tract hyperplasia, treatment with spe-
cific anthelminthic drugs and proper care can lead to
successful outcomes. Although a genome database for
P. fastosum is not yet available, the potential utility of
the three immunogenic proteins for serodiagnosis was
discussed. In veterinary practice, large sample sizes
should be used in further field studies. Furthermore,
further studies of immunoblotting using different anti-
gens and the immunolocalization of the antigens iden-
tified should be performed to extend our knowledge.
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