CLINICAL AND DIAGNOSTIC LABORATORY IMMUNOLOGY, Nov. 2003, p. 1085-1089

1071-412X/03/$08.00+0 DOI: 10.1128/CDLI.10.6.1085-1089.2003

Vol. 10, No. 6

Copyright © 2003, American Society for Microbiology. All Rights Reserved.

Monoclonal Antibodies That Distinguish Antigenic Variants of

Canine Parvovirus

Masato Nakamura,' Kazuya Nakamura,” Takayuki Miyazawa,>> Yukinobu Tohya,’
Masami Mochizuki,* and Hiroomi Akashi'*

Department of Veterinary Microbiology, Graduate School of Agricultural and Life Sciences, The University of Tokyo, 1-1-1 Yayoi,
Bunkyo-ku, Tokyo, 113-8657," Research Center for Emerging Infectious Diseases, Research Institute for Microbial Diseases,

Osaka University, 3-1 Yamadaoka, Suita-shi, Osaka, 565-0871,> Host and Defense, PRESTO, Japan Science and
Technology Corporation, 2-20-5 Akebono-cho, Tachikawa-shi, Tokyo, 190-0012,* and Laboratory of Clinical
Microbiology, Kyoritsu Seiyaku Corporation, 1-5-10 Kudan-minami, Chiyoda-ku,

Tokyo, 102-0073,* Japan

Received 12 May 2003/Returned for modification 26 June 2003/Accepted 6 August 2003

Canine parvovirus (CPV) is classified as a member of the feline parvovirus (FPV) subgroup. CPV isolates are
divided into three antigenic types: CPV type 2 (CPV-2), CPV-2a, and CPV-2b. Recently, new antigenic types of
CPV were isolated from Vietnamese leopard cats and designated CPV-2c(a) or CPV-2¢c(b). CPV-2c¢ viruses were
distinguished from the other antigenic types of the FPV subgroup by the absence of reactivity with several
monoclonal antibodies (MAbs). To characterize the antigenicity of CPV-2¢c, a panel of MAbs against CPV-2c
was generated and epitopes recognized by these MAbs were examined by selection of escape mutants. Four
MAbs were established and classified into three groups on the basis of their reactivities: MAbs which recognize
CPV-2a, CPV-2b, and CPV-2¢ (MAbs 2G5 and 20G4); an MAb which reacts with only CPV-2b and CPV-2¢(b)
(MAD 21C3); and an MAb which recognizes all types of the FPV subgroup viruses (MAb 19D7). The reactivity
of MAb 20G4 with CPV-2c¢ was higher than its reactivities with CPV-2a and CPV-2b. These types of specificities
of MAbs have not been reported previously. A mapping study by analysis of neutralization-resistant mutants
showed that epitopes recognized by MAbs 21C3 and 19D7 belonged to antigenic site A. Substitution of the
residues in site B and the other antigenic site influenced the epitope recognized by MAb 2GS5. It was suggested
that the epitope recognized by MAb 20G4 was related to antigenic site B. These MAbs are expected to be useful
for the detection and classification of FPV subgroup isolates.

Autonomous parvovirus is a small, nonenveloped virus. It
possesses single-stranded DNA that codes for the two capsid
proteins (VP1, VP2) and two nonstructural proteins (NS1,
NS2). VP1 and VP2 are translated from alternatively spliced
mRNAs, and the VP2 sequence is completely contained within
VP1 (11). VP2 mainly composes the parvovirus capsid, and
amino acid substitutions in the VP2 sequence are known to
cause changes in antigenic properties (25, 30).

Among carnivores, the disease caused by parvovirus was
thought to occur only in cats (in which the disease is caused by
Feline panleukopenia virus [FPLV]) or raccoons until a similar
disease caused by Mink enteritis virus (MEV) was observed in
mink in the mid-1940s (35). Now these viruses have been
classified into FPLV, MEV type 1 (MEV-1), MEV-2, and
MEV-3 with a panel of monoclonal antibodies (MAbs) (22,
23).

In the late 1970s, parvovirus emerged in dogs and was
named Canine parvovirus (CPV) or CPV type 2 (CPV-2) to
distinguish it from an unrelated virus, the Canine minute virus
(CPV-1). CPV-2 rapidly spread worldwide and initially killed
thousands of dogs (3). Although CPV-2 is antigenically closely
related to FPLV, they are distinguishable from each other with
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a panel of MAbs. Six conserved amino acid differences in VP2
were observed between FPLV and CPV-2 (14). At present,
FPLV, MEV, and CPV-2 are classified as members of the
feline parvovirus (FPV) subgroup (28).

Since the emergence of CPV-2, two new antigenic variants,
designated CPV-2a and CPV-2b, have arisen consecutively (24,
26). These two variants have almost completely replaced
CPV-2 in canine populations worldwide (5, 6, 24, 32). At least
five conserved substitutions in VP2 are observed between
CPV-2 and CPV-2a (26). CPV-2b has another two substitu-
tions in VP2, the replacement of the Asn residue at position
426 (Asn-426) by Asp and the replacement of Ile-555 by Val
(26). CPV-2b is distinguished from the other antigenic types in
the FPV subgroup by the reactivities of two MAbs, MAb B4A2
(MAD I) and MAb B (26). These MAbs do not recognize
CPV-2b, and the absence of reactivity is caused by the substi-
tution of residue 426 in VP2 (26).

Since the late 1980s, CPV-2a and CPV-2b have been iso-
lated from domestic cats and wild felids worldwide (9, 10, 18,
19, 29, 33). Recently, Ikeda et al. (9, 10) isolated six CPV-2a-
and CPV-2b-related viruses from leopard cats in Vietnam and
Taiwan. Three of these isolates were shown to be new anti-
genic types of CPV by the absence of reactivity with several
MAbs (10). They were designated CPV-2c and were further
divided into two antigenic types, CPV-2¢(a) and CPV-2¢(b), by
their reactivities with MAb B4A2, which distinguishes CPV-2a
and CPV-2b. CPV-2c isolates have a common substitution in
VP2, the replacement of Gly-300 by Asp. This residue is known
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to be variable among antigenic types: Ala in FPLV and CPV-2,
Val in MEV-2, and Gly in CPV-2a and CPV-2b (31). The
emergence of CPV-2c suggests that further new substitutions
of residue 300 may occur. Therefore, it is important to char-
acterize the epitopes related to the unique Asp-300 residue of
CPV-2c and monitor the substitution of residue 300 in the
field. Although MAbs are useful for the classification of the
FPV subgroup and characterization of their epitopes, no CPV-
2c-specific MAb has been reported.

In the study described here, we generated new MAbs against
CPV-2c in order to detect and monitor antigenic changes in
the FPV subgroup. The antigenic types recognized by those
MAbs were determined by hemagglutination inhibition (HI)
tests and the virus neutralization (VN) test. Furthermore, re-
sistant mutants were selected and examined by sequencing
analysis of the VP2 gene and the HI test to determine the
epitopes recognized by those MADs.

MATERIALS AND METHODS

Cells and viruses. The viruses used in this study were as follows. FPLV TU-1
and No. 311 were isolated from Japanese domestic cats (17, 19). MEV-1 Abashiri
(7) and MEV-2 M-1 (10) were isolated in Japan and China, respectively. CPV-2
Cp49 (1), Cp82031 (27), CPV-2a 97-003, and CPV-2b 97-008 (10) were isolated
from Japanese domestic dogs. FPLV V142, CPV-2a V220, and CPV-2b V123
were isolated from domestic cats in Vietnam (16). CPV-2c(a) V139 and V140
and CPV-2c(b) V203 were isolated from Vietnamese leopard cats (Felis benga-
lensis) (9). Isolates 97-003 and 97-008 were propagated in Madin-Darby canine
kidney (MDCK) cells. The other strains were propagated in Crandell feline
kidney (CRFK) cells. CRFK cells, MDCK cells, the feline T-lymphoblastoid cell
line FL74, and the canine fibroblastic cell line A72 were grown in Dulbecco’s
modified Eagle’s medium supplemented with 10% fetal calf serum and antibi-
otics. The feline thymic lymphoma cell line 3201 and the murine myeloma cell
line P3U1 were grown in RPMI 1640 medium supplemented with 10% fetal calf
serum and antibiotics.

Titration of viruses. Viruses were titrated on FL74 cells as described previ-
ously (8). Briefly, FL74 cells (10* cells/100 pl) and 100 wl of viruses serially
diluted 10-fold were mixed and incubated at 37°C for 7 days. The 50% tissue
culture infective doses (TCIDs,s) were calculated as described elsewhere (4).

Generation of MAbs against CPV-2¢c. CPV-2c strain V203 was used as the
immunogen. The viruses were propagated in 3201 cells and purified by ultracen-
trifugation. BALB/c mice were intraperitoneally immunized twice and then in-
travenously once with purified viruses (10% TCIDs,s/mouse) at intervals of 3
weeks. The immunogen was prepared in Freund’s complete adjuvant for the first
immunization, in Freund’s incomplete adjuvant for the second immunization,
and in phosphate-buffered saline without any adjuvant for the last immunization.
Three days after the last immunization, spleen cells were taken out of the mice
and fused with P3U1 cells with polyethylene glycol 1500 (Roche, Mannheim,
Germany). Hybridomas secreting antibodies against strain V203 were detected
by HI tests and cloned by limiting dilution. Because a large amount of MAbs at
high concentrations was necessary for selection of escape mutants, ascitic fluid
was prepared by injecting the minimum number of pristane-primed BALB/c
mice with hybridoma cells (10® cells/mouse). The immunoglobulin subtypes of
the MAbs were determined with the Mouse Monoclonal Antibody Isotyping test
kit (Serotec Ltd., Oxford, United Kingdom). All procedures were conducted in
accordance with the University of Tokyo guidelines on the care and use of
laboratory animals.

HI tests. HI tests were performed as described previously (15). Phosphate-
buffered saline (pH 6.0) with 0.1% bovine serum albumin was used as the HI
buffer. Twenty-five microliters of ascitic fluid serially diluted twofold and viruses
(4 hemagglutination units/25 ul) were mixed and incubated at room temperature
for 1 h. Then, 50 ul of a 0.75% suspension of formalin-fixed porcine erythrocytes
was added. The plates were set at 4°C overnight. The HI titer was determined as
the reciprocal of the highest dilution that completely inhibited viral hemagglu-
tination.

VN tests. VN tests were performed as described previously (8). Briefly, 50 ul
of heat-inactivated ascitic fluid serially diluted twofold and viruses (100
TCIDs,s/50 pl) were mixed and incubated at 37°C for 1 h. FL74 cells (10*
cells/100 pl) were then added to this mixture. The cells were observed for 5 days,
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TABLE 1. Reactivities of MAbs against parvoviruses by HI assay

Reactivity with the following MAb

(isotype)*:
Antigenic type Isolate
2GS 21C3 19D7 20G4

(IgG3) (IgG1) (IgG2a) (IgG2a)
FPLV TU-1 <1,000 <100 32,000 <100
FPLV No. 311 <1,000 <100 64,000 <100
FPLV V142 <1,000 <100 32,000 <100
MEV-1 Abashiri <1,000 <100 16,000 <100
MEV-2 M-1 <1,000 <100 64,000 <100
CPV-2 Cp49 <1,000 <100 32,000 <100
CPV-2 Cp82031 <1,000 <100 32,000 <100
CPV-2a 97-003 64,000 <100 32,000 3,200
CPV-2a V220 64,000 <100 32,000 6,400
CPV-2b 97-008 64,000 12,800 128,000 1,600
CPV-2b V123 64,000 6,400 256,000 6,400
LCPV-ZC(a)” V139 128,000 <100 32,000 512,000
LCPV-2c(a) V140 128,000 <100 32,000 512,000
LCPV-2¢(b) V203 64,000 3,200 128,000 128,000

“ The specificities of the MAbs for the antigenic types were as follows: MAb
2G5, CPV-2a, CPV-2b, CPV-2¢(a), and CPV-2¢(b); MAb 21C3, CPV-2b and
CPV-2c(b); MAb 19D7, FPLV, MEV-1, MEV-2, CPV-2, CPV-2a, CPV-2b,
CPV-2c(a), and CPV-2c(b); MAb 20G4, CPV-2a and CPV-2b < CPV-2c. IgG3,
immunoglobulin G3.

® LCPV, leopard cat CPV.

and the VN titers were determined as the reciprocal of the highest dilution that
inhibited the viral cytopathic effect in at least two of four wells with the particular
dilution.

Selection of neutralization-resistant mutants. Neutralization-resistant mu-
tants were selected as described previously (22), with minor modifications. In
addition to strain V203, strain 97-008 was used as the parental virus because it
also reacted with all four MAbs produced in this study, but the reactivity of strain
97-008 with MAb 20G4 was lower than that of strain V203 with the MAb.
Parental viruses (5 X 10% TCIDsys) diluted in 5 ml of Dulbecco’s modified
Eagle’s medium were mixed with 5 or 50 pl of ascitic fluid, and the mixture was
incubated at 37°C for 1 h. Then, the mixture was inoculated onto CRFK cells or
A72 cells. After one to three passages, escape mutants were cloned by the
limiting dilution method, as follows. Fifty microliters of viruses serially diluted
10-fold and 50 wl of diluted ascitic fluid (0.2 or 2 wl/ml) were mixed. Then, the
CRFK cells (2 X 10° cells/100 pl) were added to the mixture. One week later, the
supernatants of the cultures were screened by hemagglutination, and the viruses
in the positive wells with the highest dilution were propagated in the cells in the
presence of ascitic fluid (0.05 or 0.5 pl/ml) and cultured once without ascitic
fluid. Neutralization-resistant mutants were designated “res” followed by the
name of the MADb and the name of the parental virus strain. For example, the
mutant that was resistant to MAb 2G5 and that was derived from strain V203 is
designated res2G5/V203.

Sequencing of mutant VP2 genes. The VP2 gene was amplified by PCR with
the primer sets reported previously (10). After the amplified DNA fragments
were purified from the agarose gel, they were used for the sequencing reaction
with a Big Dye Terminator cycle sequencing kit (Applied Biosystems, Foster
City, Calif.). The samples were resolved on an automated DNA sequencer
(model 377; Applied Biosystems).

The sequences of the VP2 genes of the parental viruses were obtained from
the DDBJ database, and the accession numbers are AB054224 for strain V203
and AB115504 for strain 97-008.

RESULTS AND DISCUSSION

Generation and characterization of MAbs. Four hybridoma
clones producing MAbs reactive to CPV-2c strain V203 were
obtained. HI tests were performed to determine the antigenic
types of the FPV subgroup recognized by these MAbs. The
MAbs were classified into three groups: MAbs which recognize
CPV-2a, CPV-2b, and CPV-2c (MAbs 2G5 and 20G4); an
MADb which reacts with only CPV-2b and CPV-2c(b) (MAb
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TABLE 2. Reactivities of MADbs against parvoviruses by VN assay

Reactivity with the following MAb“:

Antigenic type Isolate
2G5 21C3 19D7 20G4

FPLV TU-1 <1,000 <100 16,000 <100
FPLV No. 311 <1,000 <100 4,000 <100
FPLV V142 <1,000 <100 6,400 <100
MEV-1 Abashiri <1,000 <100 3,200 <100
MEV-2 M-1 <1,000 <100 8,000 <100
CPV-2 Cp49 <1,000 <100 8,000 <100
CPV-2 Cp82031  <1,000 <100 8,000 <100
CPV-2a 97-003 16,000 <100 4,000 3,200
CPV-2a V220 16,000 <100 1,600 3,200
CPV-2b 97-008 32,000 3,200 16,000 6,400
CPV-2b V123 16,000 3,200 16,000 6,400
LCPV-2c(a)” V139 32,000 <100 4,000 256,000
LCPV-2c(a) V140 16,000 <100 4,000 256,000
LCPV-2¢(b) V203 16,000 6,400 16,000 25,600

“ See footnote a of Table 1 for the specificities of the MAbs.
® LCPV, leopard cat CPV.

21C3); and an MADb which recognizes all the antigenic types of
the FPV subgroup (MAb 19D7) (Table 1). The reactivity of
MAD 20G4 with CPV-2c was 20 to 320 times higher than its
reactivities with CPV-2a and CPV-2b. The results of the VN
tests were concordant with those of the HI tests (Table 2).
None of the four MAbs reacted with purified virus (strain
V203) by immunoblotting analysis (data not shown), indicating
that these MADs recognize conformational epitopes.

Selection of neutralization-resistant mutants. To analyze
the epitopes recognized by MAbs, we attempted to select neu-
tralization-resistant mutants by using strains V203 and 97-008
as parental viruses. Two mutants for each MAb and each
parental strain were subjected to the following analyses: the
reactivities of the MAbs with mutants by HI tests (Fig. 1) and
amino acid substitutions in the VP2 protein by sequencing
analysis (Table 3). The VP2 genes of the parental viruses used
for selection were sequenced and confirmed to have no muta-
tion before the selection.

Although isolation was attempted twice with CRFK cells
and once with A72 cells, no mutants resistant to MAb 20G4

A

MAbs
viruses 2G5 21C3 19D7 20G4
= 1 | |
HE

res2G5/V203 //

21C3/V203 . ¢ 7
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MAbs THAT DISTINGUISH CANINE PARVOVIRUSES 1087
TABLE 3. Amino acid substitutions in VP2 proteins of
escape mutants

Amino acid at position:
Strain”
5 296 300 437 438 440
V203 Ala Gln Asp Gly Gly Thr
res2G5/V203 Ala Glv’ His Gly Gly Thr
res21C3/V203 Ala Gln His Glu Gly Thr

res19D7/V203 Ala Gln His Gly Gly Lys

97-008 Ala Gln Gly Gly Gly Thr
res21C3/97-008 Pro Gln Gly Glu Gly Thr
res19D7/97-008 Ala Gln Gly Gly Arg Thr

“ Sequences were obtained from the DDBJ database, and the accession num-
bers were AB054224 for strain V203 and AB115504 for strain 97-008. The
mutant designations are described in the text.

> Amino acid substitutions are indicated in boldface.

were obtained. The epitope recognized by MAb 20G4 might be
highly conserved. The substitutions in this epitope may make
CPV-2b and CPV-2c(b) unviable.

Epitope mapping with MAbs 21C3 and 19D7. The reactivi-
ties of MAbs 21C3 and 19D7 were affected by a single substi-
tution, the replacement of Gly-438 by Arg in res19D7/97-008
(Table 3; Fig. 1B). This shows that the epitopes recognized by
these two MAbs are related to each other. The specificity of
MADb 21C3 (Table 1) suggested that the reactivity of this MAb
was affected by the substitution of residue 426, which previous
studies have shown to be responsible for the CPV-2b-specific
antigenic property (26). Residue 426 is located on the tip of the
threefold spike in the capsid structure (34) and is a component
of antigenic site A (30). Since residues 437, 438, and 440 are
located on the same structure (34) and were found to be
substituted in the mutants resistant to MAbs 21C3 and 19D7
(Table 3), the epitopes recognized by MAbs 21C3 and 19D7
are thought to belong to site A.

Interestingly, res21C3/V203 showed partial resistance to
MAD 19D7, but res21C3/97-008 did not (Fig. 1). Res21C3/
V203 has an additional substitution of residue 300 (Table 3),
which is on the shoulder of the threefold spike and which

B

MAbs
viruses 21C3 19D7 20G4
S AEER

res21C3/97-008 .
res19D7/97-008 .

FIG. 1. HI reactivities of MAbs with parental viruses and resistant mutants. The reactivities of resistant mutants were compared with those of
their parental viruses. Relative reactivity was calculated as follows: HI titer of the mutant/HI titer of the parental virus. m, relative reactivity of

>1/16; B, relative reactivity between 1/16 and 1/80;

0, relative reactivity <1/80. (A) Resistant mutants derived from strain V203; (B) resistant

mutants derived from strain 97-008. The res20G4/V203, res2G5/97-008, and res20G4/97-008 mutants were not obtained.
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belongs to antigenic site B (30). This result may indicate that
the substitution in site B affects the antigenicity of site A. This
is consistent with the findings of Parker and Parrish (20), who
reported that the replacement of Ala-300 by Asp reduced the
HI reactivity of a site A-specific MAb.

Res21C3/97-008 had a substitution in common with
res21C3/V203, the replacement of Gly-437 by Glu, indicating
that this substitution is important for resistance to MAb 21C3
(Fig. 1; Table 3). In addition to this substitution, res21C3/97-
008 had a unique replacement of Ala-5 by Pro (Table 3). As
MADb 21C3 had no reactivity in immunoblotting analysis (data
not shown), this MAb was thought to recognize the conforma-
tional epitope. Because residue 5 is a component of linear
epitopes (12, 13), the substitution of this residue may not
influence the reactivity of MAb 21C3. Therefore, the substitu-
tion of residue 437 may solely influence the reactivity with
MAD 21C3.

Epitope mapping with MAb 2G5. Res2G5/V203 had re-
placements of GIn-296 by Glu and Asp-300 by His (Table 3).
Residue 296 is located in the vicinity of residue 300 (34) but is
not known to belong to site B. Whether resistance to MAb 2G5
needed both of these substitutions was not determined because
mutants which had the sole substitution could not be obtained.
However, as the reactivity of res2G5/V203 with MAbs 19D7
and 21C3, which recognize the epitopes of site A, was not
influenced (Fig. 1A), it was clear that the epitope recognized
by MAb 2GS was independent of site A.

Epitope mapping with MAb 20G4. Since Gly-300 in site B of
CPV-2a and CPV-2b was the only difference from the amino
acid sequence in VP2 of CPV-2c (Asp-300) (10), this difference
was considered to induce the lower reactivities of CPV-2a and
CPV-2b with MADb 20G#4 than that of CPV-2c (Tables 1 and 2).
Furthermore, the reactivity of CPV-2c(a) with MAb 20G4 was
relatively higher than that of CPV-2c(b), especially in VN tests
(Tables 1 and 2). Because the amino acid residue at position
426 in VP2 was the sole difference between CPV-2¢(a) (Asn-
426) and CPV-2c(b) (Asp-426) (10), it was suggested that
residue 426 in site A might also affect the reactivity of MAb
20G4. Interestingly, CPV-2a and CPV-2b reacted similarly
with MAb 20G4 (Tables 1 and 2), irrespective of the difference
at residue 426. Therefore, the higher reactivity of CPV-2c(a)
with MAb 20G4 relative to that of CPV-2¢(b) might be in-
duced by the combination of substitutions of residues 426 and
300. Although res2G5/V203 and res21C3/V203 were partially
resistant to MAb 20G4, res19D7/V203 maintained high levels
of reactivity with MAb 20G4 (Fig. 1A; Table 3). Since all these
mutants had His-300 in common (Table 3), the different reac-
tivity with MADb 20G4 might also be due to the combination of
substitutions of residue 300 with those of other residues. Fur-
ther studies will be necessary to determine which residues
influence the reactivity of CPV-2c with MAb 20G4.

Usefulness of new MAbs for antigenic typing of FPV sub-
group isolates. MAb 19D7 would be useful for the detection of
viruses of the FPV subgroups because it recognized all the
FPV subgroups, including the new antigenic type of CPV
(CPV-2c). Since the mutants resistant to MAb 19D7 were
viable (Fig. 1; Table 3), viruses that are not recognized by MAb
19D7 could exist in nature. Such viruses, however, have not
been found in a preliminary study of the recent field isolates in
Japan and Vietnam (data not shown).
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MADb 21C3 is the first MAD that recognizes CPV-2b as well
as CPV-2¢(b) but not the other antigenic types. CPV-2b has
been distinguished from the other antigenic types by two
MAbs, MAb B4A2 (MADb I) and MAb B, which do not react
with CPV-2b (26). Recently, natural variants of CPV, which
have a replacement of Asn-426 by Glu, were reported (2).
These variants did not react with MAb B4A2 (2). Tests with
MAD 21C3 may help determine whether they belong to the
CPV-2b type or a new antigenic type.

CPV-2¢(b) strain V203 can infect domestic cats and be shed
in the feces (20), and the replacement of residue 300 by Asp
increases the stability of the virus in the environment (21).
These lines of evidences suggest that CPV-2c has the potential
to spread in the cat population in the future, although only
three CPV-2c type isolates have so far been isolated from
leopard cats in Vietnam (10). Since MAb 20G4 was able to
identify the CPV-2c type in the FPV subgroup by the HI assay
(Table 1), the antibody may be useful for research on the
distribution of CPV-2c in the cat population.

In conclusion, the MAbs produced in this study will contrib-
ute to the detection and classification of parvoviruses in car-
nivore populations.
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