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Abstract

Feline Panleukopenia is a disease characterized by a reduction in the number of circulating leukocytes and enteritis
with degeneration of the intestinal villi. The etiologic agent, called Feline Panleukopenia virus (FPV), belongs to the
Parvoviridae family, is highly contagious and has high mortality and morbidity.

Although vaccination of healthy cats is the most effective way to prevent the disease, once the symptoms appear, the
treatment is supportive, presenting high mortality in the first days of the disease.

FPV positive cats should be hospitalized and isolated for at least 2 weeks to avoid viral transmission. Early detection is
usually done with the enzyme-linked immunoadsorption assay (ELISA) test that detects viral antigens in stool samples.

As a complementary diagnostic method, in this work it was proposed to implement the Polymerase Chain Reaction
(PCR) aimed at the diagnosis of FPV initially in positive samples from two feline vaccines and one canine vaccine. As an
approximation to real samples, the commercial vaccines were mixed with feces and blood from a healthy cat.

The results showed that the In Silico design was successful strategy based on the VP2 gene sequences of FPV available
in GenBank® in conjunction with the sharp visualization of positive controls of the expected size and without
amplification. nonspecific or negative controls. The fragments obtained has a nucleotide identity percentage greater
than 97% with respect to the information available in Genbank® and corroborates the detection of a VP2 fragment.

Thus, the future option of applying the same protocol in a diagnostic way is opened, using samples obtained from
suspected patients who are infected with FPV.
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1. Introduction

Feline Panleukopenia Virus (FPV) is a parvovirus responsible for Feline Panleukopenia, a disease characterized by a
reduction in the number of circulating leukocytes and enteritis with degeneration of intestinal villi. The virus has a
worldwide distribution, is resistant to disinfection and can survive for several months in the environment. In addition,
it is highly contagious and presents a high mortality and morbidity, being able to infect the domestic cat, among other
species.
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The most effective way to prevent disease is by vaccinating healthy cats. There are attenuated virus and live modified
virus vaccines, generating protection from 3 years to life. However, once the symptoms appear, the treatment is
supportive, presenting high mortality in the first days of the disease.

Cats that are diagnosed with FPV should be hospitalized and isolated for at least 2 weeks to avoid transmission of the
virus. Early detection of FPV is usually done with tests based on the enzyme-linked immunosorbent assay (ELISA),
which detects FPV antigens in stool samples.

These tests can be confirmed, if the test is negative and the cat still shows sign of panleukopenia, by Polymerase Chain
Reaction (PCR) of a stool or blood sample. It is also useful to perform blood PCR when there is no diarrhea and therefore
ELISA tests cannot be used. In summary, PCR is presented as a useful tool for the diagnosis of the disease,
complementing those currently used in small animal clinics.

With this background, the implementation of a molecular diagnostic protocol that uses conventional PCR as a method
to detect FPV present in both commercial vaccines and in the mixture with feces and blood from healthy cats was
proposed in this. The success obtained suggests its prompt application in a diagnostic manner, using samples obtained
from patients suspected of being infected with FPV.

2. Background

2.1. Feline Panleukopenia virus

The Parvoviridae family comprises the subfamilies: Parvovirinae, which infects vertebrates, and Densovirinae, which
infects invertebrates. The Parvovirinae subfamily includes eight genera, where the genus Protoparvovirus is found,
which includes the Feline Panleukopenia Virus (FPV) [1,2,3]

FPV is the parvovirus responsible for Feline Panleukopenia, a disease characterized by a severe reduction in the white
blood cell count and enteritis with degeneration of the intestinal villi [4,5]. Research on viral agents associated with
feline reproductive problems reveals a high association with feline panleukopenia virus. It corresponds to a small (20
nm), non-enveloped, single-stranded DNA genome virus of around 5000 bases, which encodes for two capsid proteins
(VP1 and VP2) and two non-structural proteins (NS1 and NS2). The virus replicates using host cell polymerase, where
the NS1 protein has a role in regulating replication. The VP1 and VP2 proteins assemble to produce the capsid, which
corresponds 90% to VP2 and 10% to VP1, where the unique region of VP1 contains functions for cellular infection,
including phospholipase A2 activity. The capsid controls receptor binding and the cellular infection process and is also
the primary target of host antibodies. The NS2 protein participates in virus assembly and nuclear transport, although
its role is not yet clear [1,6]. Historically, there have been minimal changes in the FPV genome, even a study indicates
that there have been no changes in the amino acid sequence of VP2, indicating a lack of appearance of new variants
[7,8,9]. The virus has a worldwide distribution, is resistant to disinfection and can survive for several months in the
environment. Furthermore, it is highly contagious and presents a high mortality and morbidity, being able to infect the
domestic catand other species of the Felidae, Mustelidae, Procyonidae and Viverridae family [4,10,11,12]. There is a close
relationship between FPV and Canine Parvovirus type 2 (CPV-2), due to the emergence of the latter from evolution from
FPV, through the acquisition of five or six amino acid changes in the protein gene of the capsid. This leads to both viruses
having similar genetic and structural characteristics [13,14,15,16].

2.2. FPV pathogenesis

FPV causes a systemic infection, mainly in unvaccinated or poorly vaccinated cats younger than 1 year. Transmission
occurs via the fecal-oral route, and indirectly through fomites, which represent the main route of transmission. FPV
enters the cell using transferrin receptors and replicates in cells that are in the S phase of the mitotic cycle. Initially, 18-
24 hours after infection, the virus replicates in lymphoid tissue of the oropharynx and after 2-7 days it spreads via the
blood to all tissues [4,11,14].

Infection of the lymphoid tissue leads to the necrosis of this tissue, causing immunosuppression. Lymphopenia can occur
directly through lymphocytolysis, but also indirectly, as a result of the migration of lymphocytes to the tissues. In the
bone marrow, viral replication occurs in early progenitor cells, explaining the dramatic effect on myeloid cell
populations, which is reflected in panleukopenia. The replication of the virus in the crypts of intestinal epithelial cells
causes shortening of the villi, increased intestinal permeability, and malabsorption [4,11,14].
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In utero infection in early pregnancy can result in stillbirth, reabsorption, abortion, and mummification. In late
pregnancy, FPV can cause damage to neuronal tissue, interfering with the cortical development of the cerebellum and
causing abnormalities in the optic nerve and retina. Within the affected litter, some pups may be clinically healthy,
probably due to innate resistance or acquisition of maternal antibodies. Still, these pups can carry the virus for up to 2
months after birth [4,11].

Fecal elimination of the virus usually lasts for several days, and in some cats it can persist for up to 6 weeks [11,17].

Clinical signs of the FPV. Not all FPV-infected cats develop clinical signs, and the severity of these depends on age,
immune status, and concomitant infections. The most common clinical signs are nonspecific, such as fever, depression,
and anorexia. Sometimes vomiting unrelated to food occurs, and less commonly, diarrhea develops, which changes from
watery to hemorrhagic during the disease. Cats generally die of complications associated with sepsis, dehydration, and
disseminated intravascular coagulation (DIC) [4,14,18].

In newborns, the main signs of FPV infection are neurological, with ataxia, hypermetry, and blindness. There may also
be signs of cerebellar dysfunction, such as incoordination and tremor [4,11,19].

2.3. FPV treatment

Cats diagnosed with FPV should be hospitalized and isolated for at least 2 weeks to avoid transmission of the virus. The
treatment is supportive, applying fluid therapy to maintain hydration, and antibiotic therapy to prevent sepsis caused
by the entry of bacteria by a destroyed gastrointestinal barrier. Antiemetics can also be administered if vomiting occurs,
and it is important to restart oral and food intake as soon as possible [11,14,20,21].

2.4. Immunization

Colostrum antibodies to feline panleukopenia have a half-life of 9.5 days. Cat pups can be passively immunized by
injecting anti-FPV serum in case of outbreaks or places where infection is present. This immunization is quick and lasts
2-4 weeks, however, its prophylactic effectiveness has only been confirmed in dogs [4,14,18].

The most effective way to prevent disease is by vaccinating healthy cats. There are attenuated virus and live modified
virus vaccines, generating protection from 3 years to life. Caution should be exercised with immunosuppressed animals,
as there have been cases in which immunization with feline live virus vaccine manifests the picture of feline
panleukopenia [4,11,22].

In Chile, there are two vaccines authorized by the Agricultural and Livestock Service (SAG) for marketing: Feligen CRP
and Felocell 3. Both contain strains of Herpesvirus, Calicivirus and FPV viruses. The Feligen CRP vaccine contains
attenuated virus strains, while the Felocell 3 vaccine contains live modified viruses [23].

2.5. Diagnosis
In general, the clinical signs, hematological changes, and postmortem findings are characteristic and enough for a

presumptive diagnosis of feline panleukopenia [21,24].

To confirm this diagnosis, FPV can be diagnosed by viral isolation by cell culture, however this is not a routine
procedure. Early detection of FPV is usually done with tests based on the enzyme-linked immunosorbent assay (ELISA),
which detects FPV antigens in stool samples. It has also been observed that the CPV tests have an acceptable sensitivity
and specificity to detect FPV [11,14,25,26].

These tests can be confirmed, in case the test is negative, and the cat still shows signs of panleukopenia, by PCR of a
stool or blood sample. It is also useful to perform blood PCR when there is no diarrhea, and therefore, ELISA tests cannot
be used due to the absence of samples [4,14,27].

3. Material and methods

This work was carried out in the Animal Virology and Microbiology laboratories of the Department of Preventive Animal
Medicine, belonging to the Faculty of Veterinary and Livestock Sciences of the University of Chile.

21



World Journal of Biology Pharmacy and Health Sciences, 2021, 08(03), 019-029

3.1. Samples

For the PCR reaction, two stool and blood samples obtained from a healthy cat were used, to which the Feline
Panleukopenia Virus obtained from the commercial vaccines Feligen CRP (V1) and Felocell 3 (V2) will be added. The
two vaccines mentioned will be used as a positive control, and DNA from viruses and bacteria available in the laboratory
will be used as a negative control, including Canine herpes virus, Brucella canis and Pseudomonas aeruginosa. Nuclease-
free water will be used to control reagents. Additionally, the PCR reaction will be carried out on a Canine Parvovirus
sample, obtained from the Nobivac® DHPPI vaccine (V3).

3.2. Extraction of DNA

The extraction of the viral DNA was carried out through the protocol used [23]. This protocol involves boiling the virus
sample for 10 minutes, and then chilling on ice. The result of this process was diluted in distilled water at a ratio of 1:10
to avoid the action of PCR inhibitors.

3.3. Primers

The Genbank® database was used to obtain 56 official sequences of the FPV VP2 gene. Subsequently, using the free
access software Clustal (, the sequences were aligned, in order to determine candidate nucleotide identity zones to be
used for the design of the primers. This design contemplated the use of free access software OligoPerfect Design from
Thermofisher Scientific ®

These primers were subjected to the BLAST program, in order to generate greater specificity against the target area of
the sequence. Other parameters were also considered, choosing those with a GC percentage close to 50% and a Tm
difference of no more than 3 °C. Once the sequence of the primers was obtained, their synthesis was commissioned from
IDT® via Fermelo, Chile.

3.4. PCR reaction mix

To carry out the PCR reaction, 15 uL of the commercial 2X PCR Master Mix kit (Taq DNA polymerase, MgCl2 and
deoxyribonucleotide triphosphates) were used. 5 pL of the template DNA and 5 pL of each specific primer (0.1 uM) were
used, thus completing a total volume of 30 pl.

3.5. PCRreaction

The PCR reaction was carried out in a 0.2 mL 92-well Apollo thermocycler, and the following protocol was used:
activation of Taq polymerase in one step at 94 ° C for 2 minutes. Then, 40 denaturation cycles were performed at 94 ° C
for 30 seconds; Alignment of primers at 55 ° C for 1 minute and polymerization at 72 ° C for 1 minute. Finally, the
extension stage was carried out at 72 ° C for 10 minutes. The alignment temperature was previously determined by
means of a temperature gradient thermocycler.

3.6. Visualization of the amplified product

To visualize the product of the PCR reaction, a 2% agarose gel electrophoresis was performed in Tris-borate buffer (90
Mm Tris-borate, 10 mM EDTA). The PCR reaction product was mixed in a 6: 1 ratio with a commercial filler (6X Mass
Ruler Loading Dye Solution (Fermentas®).

Electrophoresis was performed at 90V for 40 minutes and a standard with fragments between 100 and 3000 bp
(Fermentas®) was used as a molecular weight marker. After the 40 minutes had elapsed, the agarose gel was incubated
in ethidium bromide (0.5 pg / ml) (Fermelo®) for 30 minutes at room temperature. After incubation, the gel was placed
in an ultraviolet light transilluminator (UVP® Transilluminator), where it was photographed to record the results.

3.7. Determination of the identity of the amplified product

Sample 8, one of the positive results (in triplicate) was sent without purification to the company Genytec Ltda, to
determine the nucleotide sequence. After this, the three nucleotide sequences obtained were aligned using the Clustal
Q software, to obtain a consensus sequence.

The consensus sequence was entered into the BLAST program, to determine within the database, with which sequences
the greatest nucleotide identity is presented.
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Finally, the sample that, in the PCR, originates a DNA fragment of size greater than 600 bp and whose nucleotide
sequence entered the BLAST program, obtained values over 90% nucleotide identity with respect to the available FPV
VP2 gene sequences, was considered positive.

3.8. Biosafety

In the laboratory, the following were considered: limited access to the facilities, use of a clean and closed apron, use of
clean material, and adequate waste disposal. Latex gloves were used for the subsequent PCR and electrophoresis
procedure, both to avoid contamination of the sample and to manipulate substances such as ethidium bromide, which
has mutagenic properties. When using the transilluminator, UV filter glasses and an acrylic plate located between the
equipment and the person viewing the gel were used. Finally, the gel and gloves used were incinerated.

4, Results

4.1. Implement a conventional PCR assay for the molecular diagnosis of FPV

4.1.1. Sequences used

A total of 56 official FPV VP2 gene sequences were obtained, which were aligned with the Clustal Q software,
determining nucleotide identity zones (Annex 1).

4.1.2. Primers

The primers were chosen and synthesized: F1: TGGTTGATGCAAATGCTTGGG and F2: AACCAACCTCAGCTGGTCTC,
which generate an amplicon of 681 bp (Annex 2).

4.1.3. PCR reaction

In Figure 1 it is possible to observe the bands originated in the PCR reaction of the controls, where clear bands were
observed both in the cases of positive controls and for each one of the respective stool (feces) and blood samples mixed
with the vaccine and in the V3 vaccine. No bands were observed in the negative controls or in the reagent control. As a
reference, a marker of molecular size between 100 and 3000 bp was used.

Lane | Content
1 | Negative control: DNA of CaHV-1
2 | Reagent control
3 | Positive control: V1
4 | Positive control: V2
5 | Positive control: V3
6 | Positive sample: V1+ Blood
7 | Positive sample: V2+ Blood
8 | Positive sample: V1+ feces
9 | Positive sample: V2 + feces
10 | MSM

CaHV-1: Canine herpes virus; V1: Feligen CRP
vaccine; V2: Felocell 3 vaccine; V3: Novibac®
DHPPI vaccine; MSM: Molecular Size Marker:
Maestrogen® (100-3000 bp)

Figure 1 Electrophoresis (Agarose 2%)
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4.2. Identify the PCR product by percentage of nucleotide identity (PNI) with respect to official Genbank®
data

To determine the sequence of the amplified fragment, the PCR product from sample 8 was sent to the company Genytec
Ltda and the alignment of the sequences obtained allowed defining a consensus sequence: CHC] (annex 3) and later its
percentage of nucleotide identity with respect to sequences stored in the Genbank® (Figure 2).

(0 sclectal 100sequencs sectd Craphics  Distance e ofesuls — [MSA Viewer

Mar Tod Quey E P A

Soore Score Cover value  Ident  Len
\/

{44144 9% 00 O74Th 175% HOIB1%

Aucession

{3 1133 9% 00 OTf7h 175 HOfB423

fl22 1122 % 00 %47 174 HKS

ff2 11 % 00 %87 1744 MKSTOGTS

Figure 2 Partial visualization of the percentage of nucleotide identity of the CHC] sequence respect to the first 100
similar sequences according to BLAST. PNI> 96% (The extended result in relation to the PIN obtained is presented in
Annex 6.)

5. Discussion

Although clinical signs, hematological changes, and postmortem findings are characteristic and enough for a
presumptive diagnosis of feline panleukopenia [2], to confirm this diagnosis, FPV can be diagnosed by viral isolation
through cell culture. However, this is not a routine procedure, primarily due to the length of the procedure. Early
detection of FPV uses some tests based on enzyme-linked immunoadsorption (ELISA) that detects FPV antigens in feces.
Furthermore, these tests have acceptable sensitivity and specificity values to detect FPV [4,11,25]. However, for some
years it has been recommended to have a complementary diagnostic method with sensitivity and specificity values such
as those attributable to the Polymerase Chain Reaction [28,29,30].

In this context, the molecular diagnosis of FPV based on a conventional PCR protocol with the use of the In silico design
of primers or primers thanks to free access software and validate the identity of the DNA fragment has been proposed
in this work.

Thus, the results obtained suggest that the use of at least 56 official FPV VP2 nucleotide sequences stored in the
Genbank® was a successful initial strategy, since the consensus sequence obtained - around 1800 nucleotides - turned
out to be a good candidate as a template for the design of the partitions, in which those areas that did not present
common spaces or that did not allow finding 20 nucleotide primers or primers were excluded.

Subsequently, the choice of primers according to the Oligoperfect Design from Thermofisher Scientific® software was
successful, since DNA fragments greater than 600 bp were obtained, which is consistent with that indicated by the
chosen software (* 680bp).

The PCR technique implemented does not generate nonspecific bands in the positive controls in the 2% agarose gel,
which corroborates an effective choice of the primers or primers, validated by the null presence of DNA fragments or
amplicons when using negative controls or nuclease free water.

Consequently, the sample sent to be sequenced in triplicate indicated a high percentage of nucleotide identity (PIN> 97)

with respect to the official sequences of the Genbank ® and allows us to suggest that the DNA fragment obtained
corresponds to a segment of the VP2 gene of FPV (annex 4).
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Finally, the results obtained would suggest that the strategy of choosing a common area - present in 56 nucleotide
sequences of the VP2 gene of FPV as a possible candidate for the In Silico primers design was successful, corroborated
both by a clear and specific detection and by sequencing of the expected DNA fragment.

6. ANNEX 1

Consensus sequence from 56 FPV sequences (in yellow) according to Genbank®. The common areas, candidates for the
design of primers are indicated in green.

ATGAGTGATGGAGCAGTTCAACCAGACGGTGGTCAACCTGCTGTCAGAAATGAAAGAGCTACAGGATCTGGGAACAGGTC
TGGAGGCGGGGGTGGTGGTGGTTCTGGGGCTCTCC NG IACCCCIACTIICANTANIGABACGGAATTTARATTTT
TGGAAAACGGATGGGTGGAAATCACAGCAAACTCAAGCAGACTTGTACATTTAAATATGCCAGAAAGTGAAAAT TATAAA
AGAGTAGTTGTAAATAATATGGATAAAACTGCAGTTAAAGGAAACATGGCTTTAGATGATACTCATGTACAAATTGTAAC

TGGTTTAATCCAGGAGATTGGCAACTAATTGTTAATACTATGA
GTGAGTT TACTCAGCCA
CCAACTAAAG TGGTTGCATTAGATAGTAACAATACTATGCCATTTACTCC

AGCAGCTATGAGATCTGAGACAT'I'GGGTT'I"I"I‘ATCCATGGAMCCMCCATACCMCTCCATGGAGATATTATTTTCAA.

CAAATGTATATCATGGTACAGATCCAGATGAT
G CAGTACACTTACTAAGAACAGGTGATGAATTTGCTACAGGAACATTTTT
TTTTGATTGTAAACCA AGAGCATTGGGCTTACCACCATTTTTAAATTCTT
TGCCTCAATCTGAAGGCGCTACTAACTTTGGTGATATAGGAGTTCAACAAGATARAAGACGTGGTGTAACTCARATGGGA
AATACAGACTGCATTACTGAAGCT AN NI GAGACCACCTCAGGIICCT I ATAGTCOACEATAREAT T C T TTTGAAGC
ATCTACACAAGGGCCATTTAAAACACCTATTGCAGCAGGACGGGGGGGAGCACARACAGATGAAAATCAAGCAGCAGATG
GTGATCCAAGATATGCATTTGGTAGACAACATGGTCAAAAAACTACTACAACAGGAGAAACACCCGAGAGATTTACATAT
ATAGCACATCAAGATACAGGAAGATATCCAGAAGGAGATTGGATTCAARATATTAAC

TTATCCAAATGGTCAAATTTGGGATAAAG.

AAATGAATATGATCCTGATGCATCTGCTAATATGTCAAGAATTGTAACTTA
BATTTAAAGCTAAACTAAGAGCATCTCATACTTGGAATCCAATTCAACARATGAGTATTAATGTAGATAACCAATTTAAC
TATGTACCAAATAATATTGGAGCTATGAAAATTGTATATGAAAAATCTCAACTAGCACCTAGAAAA

6.1. ANNEX 2

Primers design, according to Oligoperfect Design from Thermofisher Scientific ®

OligoPerfect™

PRIMERVIEWER  SEQUENCE VIEWER D Forward Primer: 332352 () Reverse Prine: $83. 1012

-

ATGAGTGATG GAGCAGTTCA ACCAGACGGT GOTCAACCTG CTGTCAGRAA TGAMGAGCT ACAGGATCTG GGAACAGGTC TOGAGGCGGG GGTOGTGATG
GTTCTO0666 TGTGOGGATT TCTACGGGTA CTTTCAATAA TCAGACGGAA TTTAMATTTT TGGARAACGG ATGGGTGGAA ATCACAGCAA ACTCAAGCAG
ACTTGTACAT TTARATATGC CAGAAAGTGA ARATTATAAA AGAGTAGTTG TAAATAATAT GGATAAMCT GCAGTTAAMG GAAACATGAC TTTAGATGAT
ACTCATGTAC ARATTGTAAC ACCTTGOTCA THEAMCMREITMCSRIIRCECAGTTTOq TTTAATCCAG GAGATTGGCA ACTAATTGTT AATACTATGA
401 GTGAGTTGCA TTTAGTTAGT TTTGAACAAG AMATTTTTAA TGTTGTTTTA AAGACTGTTT CAGAATCTGC TACTCAGCCA CCAACTAAMG TTTATAATAA
S01 TGATTTAACT GCATCATTGA TGGTTGCATT AGATAGTAAC AATACTATGC CATTTACTCC AGCAGCTATG AGATCTGAGA CATTGGGTTT TTATCCATGS
601 AMCCAACCA TACCAACTCC ATGGAGATAT TATTTTCAAT GGGATAGAAC ATTAATACCA TCTCATACTG GAACTAGTGG CACACCAACA AATGTATATC
701 ATGGTACAGA TCCAGATGAT GTTCAATTTT ATACTATTGA AMATTCTGTG CCAGTACACT TACTAAGAAC AGGTGATGAA TTTGCTACAG GAACATTTTT
801 TTTTGATTGT AMACCATGTA GACTAACACA TACATGGCAA ACAAATAGAG CATTGGGCTT ACCACCATTT TTARATTCTT TGCCTCAATC TGAAGGCGCT
901 ACTAACTTTG GTGATATAGG AGTTCAACAA GATAAMAGAC GTGGTGTAMC TCAAATGGGA AATACAGACT GCATTACTGA AGCTACTATT ATEIEITEN
1001 SITCARCAMMATAGTOCA CCATATTATT CTTTTGAAGC ATCTACACAA GOGCCATTTA AAACACCTAT TGCAGCAGOA COOGGGG0AG CACARACAGA
1101 TGAMATCAA GCAGCAGATG GTGATCCAAG ATATGCATTT GGTAGACAAC ATGGTCAMA AACTACTACA ACAGGAGAMA CACCCGAGAG ATTTACATAT

10
2
®

— = = = =

- =

Availadie Primers
Amplicon Si...  Primer Name Sequence Lengt.. %GC  Tm(C.. Sant  Stop

681 SEQVPAF.) TGGTTGATGCAATGCTTGGH 2 4762 60.00 3 352

SEQVPAR.! 20 S50 %O % 1012

79 $6QVPAF.2 TGOTTGATGCAMTGCTIGH6 21 4762 6000 382 382

SeqVPAR2 CCAACCTCAGCTGGTCTCAT 20 $5.00 938 m 1010

6.2. ANNEX 3

Alignment of sequences from Genytec Ltda. (Sample 8) and CHC] consensus sequence.
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6.3. ANNEX 4

Comparison between the first and last sequences from BLAST program with respect to HCCJ sequence.
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sSeq3 GTTGATGCAAATGCTTGGGGAGTTTGGTTTAATCCAGGAGATTGGCAACTAATTGTTAAT 60
Seql GTTGATGCAAATGCTTGGGGAGTTTGGTTTAATCTAGGAGATTGGCAACTAATTGTTAAT 60
Seqg2 —TTGATGCAAATGCTTGGGGAGTTTGGTTTAACCCAGGAGATTGGCAACTAATTATTAAT 59

e e

seq3 ACTATGAGTGAGTTGCATTAAGTTAGTTTTGAACAAGAAATTTTTAATGTTGTTTTAAAG 120
Seql ACTATGAGTGAGTTGCATTAAGTTAGTTTTGAACAAGAAATTTTTAATGTTGTTTTAAAG 120
Seqg2 ACTATGAGTGAGTTGCATTAAGTTAGTTTTGAACAAGAAATTTTTAATGTTGTTTTAAAG 119

T e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e R R e R e e R e e e e e e e

seq3 ACTGTTTCAGAATCTGCTACTCAGCCACCAACTAAAGTTTATAATAATGATTTAACTGCA 180
Seql ACTGTTTCAGAATCTGCTACTCAGCCACCAACTAAAGTTTATAATAATGATTTAACTGCA 180
Seq2 ACTGTTTCAGAATCTGCTACTCAGCCACCAACTAAAGTTTATAATAATGATTTAACTGCA 179

B

Seqg3 TCATTGATGGTTGCATTAGACAGTAACAATACTATGCCATTTACTCCAGCAGCTATGAGA 240
Seql TCATTGACACATGCATTAGATAGTAACAATACTATGCCATTTACTCTAGCAGCTATGAGA 240
Seqg2 TCATTGCACATTGCATTAGATAGTAACAATACTATGCCATTTACTCCAGCAGCTATGAGA 239

e e I

Seq3 TATGAGACATTGGGTTTTTATCCATGCACACCAACCATACCAACTCCATGGAGATATTAT 300

Seql TATGAGACATTGGGTTTTTATCCATGGAAACCAACCATACCAACTCCATGGAGATATTAT 300

Seq2 TATGAGACATTGGGTTTTTATCCATGGAAACCAACCATACCAACTCCATGGAGATATTAT 299
e I e e e

Seqs3 TTTCAATGGGATAGAACATTAACACCATCTCATACTGGAACTAGTGGCACACCAACAAAT 360
Seql TTTCAATGGGATAGAACATTAACACCATCTCATACTGGAACTAGTGGCACACCAACAAAT 360
Seq2 TTTCAATGGGATAGAACATTAACACCATCTCATACTGGAACTAGTGGCACACCAATTCAT 359

e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e R e e R e e e R e e R e R R R e e e -

seqg3 GTCTATCATGGTACAGATCCAGATGATGTTCAATTTTATACTACTGAAAATTCTGTGCCA 420
Seqgl GTATATCATGGTACAGATCCAGATGATGTTCAATTTTATACTACTGAAAATTCTGTGCCA 420
Seqg2 GTATATCATGGTACAGATCCAGATGATGTTCAATTTTATACTACTGAAAATTCTGTGCCA 419

e e e e e e e e e e e e e e e e e e e e o e e e e e e e e e e e e o e e e e e o e e e e e e e e e e e R e e e

seq3 GTACACTTACTAAGAACAGGTGATGAATTTGCTACAGGAACATTTTTTTTTGATTGTAAA 480
Seql GTACACTTACTAAGAACAGGTGATGAATTTCCTACAGGAACATTTTTTTTTGATTGTAAA 480
Seqg2 GTACACTTACTAAGAACAGGTGATGAATTTGCTACAGGAACATTTTTTTTTGATTGTAAA 479

e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e o o R e R e e e e e e e e e e

Seqg3 CCATCTAGACTAACACATATTCGGCAAACAAATAGAGCATTGTGCTTACCACCATTTTTA 540
Seql CCATCTAGACTAACACATACATGGCAAACAAATAGAGCATTGGGCTTACCACCATTTTTA 540
Seqg2 CCATCTAGACTAACACATACATGGCAAACAAATAGAGCATTGGGCTTACCACCATTTTTA 539

e e e e e e e e R I

Seq3 AATTCTTTGCCTCAATCTGAAGGCGCTACTAACTTTGGTGATATAGGAGTTCAACAAGAT 600
Seql AATTCTTTGCCTCAATCTGAAGGCGCCCTTAACTTTGGTGATATAGGAGTTCAACAAGAT 600
Seqg2 AATTCTTTGCCTCAATCTGAAGGCGCCCTTAACTTTGGTGATATAGGAGTTCAACAAGAT 599

e e e e e e e e e e e e e e e ek R e R e e e e e e e e e e e e e e e e e e e e e e ek e e

Seqg3 AAAAGACGTGGTGTAACTCAAATGGGAAATACAGACTGCATTACTGCCGCGACTATTATG 660

Seqgl AAAAGACGTGGTGTAACTCAAATGGGAAATACAGACTGCATTACTGCCGCGACTATTATG 660

Seqg2 AAAAGACGTGGTGTAACTCAAATGGGAAATACAGACTGCATTACTGCCGCGACTATTATG 659
e e e e e e e e e e e e e e e e e e e e e e e e e e e e e R e e R e e e e e e e e e e e e e e e e e e e e R e e e e

Seqg3 AGACCAGCTGAGG—-~- 673
Seql AGACCAGCTGAAAT- 674

Seg2 AGACCAGCTGAAATT 674
e A e e e kR

Consensus sequence (CHCIJ)

>CHCJ
GTTGATGCARATGCTTGGGGAGTTTGGTTTAATCCAGGAGATTGGCAACTAATTGTTAATACTATGAGTGAGTTGCAT
TAGTTAGTTTTGAACAAGAAATTTTTAATGTTGTTTTARAGACTGTTTCAGAATCTGCTACTCAGCCACCAACTARAG
TTTATAATAATGATTTAACTGCATCATTGACACTTGCATTAGATAGTAACAATACTATGCCATTTACTCCAGCAGCTA
TGAGATATGAGACATTGGGTTTTTATCCATGGARACCAACCATACCAACTCCATGGAGATATTATTTTCAATGGGATA
GAACATTAACACCATCTCATACTGGAACTAGTGGCACACCAATTCATGTATATCATGGTACAGATCCAGATGATGTTC
AATTTTATACTACTGRARARATTCTGTGCCAGTACACTTACTARGARACAGGTGATGAATTTGCTACAGGARCATTTTTTT
TTGATTGTARACCATCTAGACTAACACATACATGGCAARCRRATAGAGCATTGGGCTTACCACCATTTTTAAATTCTT
TGCCTCAATCTGAAGGCGCCCTTARACTTTGGTGATATAGGAGTTCARACRAAGATARARGACGTGGTGTAACTCARATGE
GARATACAGACTGCATTACTGCCGCGACTATTATGAGACCAGCTGARAT
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selectall 100 sequences selected

GenBank Graphics Distance tree of resulfs  [EIMSA Viewer

Destription

| Feline panleukopenia virus sirain KS23 VP2 gene, complete cds

Feline panleukopenia virus stran KS58 VP2 gene complte cds

Feline panleukopenia virus strain FPV_C7_AUS_Mildura_09/2015 capsid protein gene partial cds
Feline panleukopenia virus isolate FPLV/46.70601 capsid protein VP2 qene complete cds
Feline panleukopenia virus isolate JL-04/16 capsid protein VP2 gene complete cds

Feline panleukopenia virus isolte BJ-03/46 capsid protein VP2 gene, complete cds

Feline panleukopenia virus isolate HH-1/86. complete genome

Eeline panleukopenia virus isolate FPV/BobeatNDI979/2013 VP2 (VP2) gene. complete cds
Feline panleukopenia virus strain K23 VP2 gene complete ods

Feling panleukopenia virus srain JF-1 VP2 protei (4p2) gene, complete cds

Feline panleukopenia virus gene for capsid protein 2. complete cds, isolate: TU2

Feline panleukopenia virus isolate JL-03/17-05 capsid protein VP2 gene, complete cds
Canine parvovirus isolate 20161107-BJ-3 capsid protein (VP2) gene, partial cds

Canin panvovinus capsid protein (VP2) gene partial cds

Feline parvovirus strain eline/Guangdong/G1/2018 capsid protein gene,partis cds
Feline panleukopenia virus strain FPV/RaccoonRCIBBC_2016. complete genome
Feline panleukopenia virus strain FPV/RaccoonRCY/BC_2010. complete genome

Feline panleukopenia virus isolate IZ8S1 556112015 VP2 protein (VP2) gene partial cds
Feling panieukopenia virus isolate IZSS|_32369 2015 VP2 protein (VP2) gene partial cds
Feline panleukopenia virus isolate [Z8S1 29823 2015 VP2 protein (VP2) gene. partial cds
Feline panleukopenia virus strain HN-Z21, complete genome

Feline parvovirus isolate HF1, complete genome

Scientific Name
v

Feline panleukop..

Feline panleukop..

Feline panleukop...

Feline panleukop...

Feline panleukop..

Feline panleukop..

Feline panleukop...

Feline panleukop..

Feline panleukop...

Feline panleukop..

Feline panleukop..

Feline panleukop...

Feline panleukop...

Canine parvoyirus
Canine parvovirus

Feline parvovirus

Feline panleukop...

Feline panleukop.
Feline panleukop..

Feline panleukopenia virus strain 245-1478 FPLV BADGER 2019 ITALY capsid protein VP2 gene. complete cds Feline panleukop..

Feline parvovirus

Max Total Query E

Score
v
14
13
12
12
12
12
12
12
12
12
12
12

1110
110
110
110
1110
110
110
110
1110
110
110
110

v
14
13
12
12
12
12
12
12
12
12
12
12

1110
110
110
1110
110
1110
1110
110
1110
110
1110
110

v

9%
99%
99%
99%
99%
9%
99%
9%
99%
99%
99%
9%

9%
9%
99%
99%
99%
9%
9%
99%
99%
9%
99%
9%

v

00
00
00
00
00
00
00
00
00
00
00
00

Per.  Acc.

Score Cover valye ldent Len  Accession

v v
9747% 1755 HQ1B41991
97.47% 1755 HQIB4031
%87% 1744 MKSTO546 1
987% 1744 MKSTOR3T 1
%87% 1755 MKGTI1541
%87% 1755 MFSALI25 1
%48T% 1755 MFSAIE20
%8T% 5123 KUO0STO
%87% 1755 KIB136931
%87% 1755 HO1B41S41
%87% 1755 DOUTALH 1
%487% 1755 ABON0G6 1

96.57% 1755 MF541124.1
96.57% 1752 METTITA
96.57% 1755 MG4627101
96.57% 1676 KY4517211
96.57% 4528 MF0B344T 1
96.57% 4524 MF0B9446.1
96.57% 1745 KX943318.1
96.57% 1745 KX9433151
96.57% 1745 KX943314.1
96.57% 4688 KX685354.1
96.57% 1755 MI2743781
9.57% 5125 MT614366.1

7. Conclusion

The developed PCR protocol can be suggested as a basis for the molecular diagnosis of FPV.
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