
Abstract A few amino acid differences in the viral

protein VP2 account for important antigenic and bio-

logical changes among feline parvovirus (FPV), canine

parvovirus (CPV-2) and CPV-2 variants 2a and 2b.

Several pieces of evidence suggest that CPV-2 is still

evolving as additional amino acid changes occurred

within the main antigenic regions of CPV-2 capsid,

altering the antigenic profile of the virus and stressing

the need for implementing the diagnostic assays.
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Letter

With interest we read the article by Wang et al. [1]

published on Virus Genes. The authors describe the

detection of CPV-2 isolates in Taiwan and their char-

acterization by using a PCR-based typing assays pub-

lished previously [2, 3]. Most of the strains turned to be

CPV type-2b and only 2 strains were type-2a.

However, a major point arises by this work and

requires to be addressed in detail. CPV-2 emerged

during the early 1970s worldwide [4–7]. The virus was

shown to be closely related, genetically and antigeni-

cally, to feline parvovirus (FPV) and to FPV-like

parvoviruses from wild carnivores [8, 9] from which

presumably originated by host species shift and sub-

sequent rapid adaptation [10]. In the 1980s, two anti-

genic variants of CPV-2, distinguishable using

monoclonal antibodies (MoAbs), arose almost simul-

taneously and were termed CPV type-2a and type-2b

[11, 12]. Currently, the antigenic variants of CPV

have completely replaced the original type-2, and are

variously distributed in the canine population world-

wide [13–19]. There are at least six or seven amino acid

(aa) changes between FPV and CPV-2, and at least five

or six aa changes between the variants 2a/b and the

original type-2 (Table 1). Such few aa differences in

the VP2 of FPV, CPV-2 and CPV-2a/b account for the

important antigenic and biological changes observed,

setting CPV as an important model to study virus

evolution [8, 20–22].

Additional mutations affecting important residues

of the capsid protein of CPV, such as residues 297, 300

and 426, have been recognized recently (Table 1),

suggesting that CPV is still evolving [16, 23–25]. The

mutation Ala-297 was not present in the ‘old’ CPV-2

strains, while it is currently detected in most recent

CPV-2 strains, irrespective of the antigenic type [19].

The mutation Asp-300 has been detected only in CPV-

2a/b strains isolated from domestic or wild felids in

Southern Asia [24]. The mutation 300-Asp is likely the

expression of a further adaptation of CPV-2 variants a/

b to replicate in the feline host, since replacement of

300-Gly by Asp in a natural mutant selected by serial

passages in feline cells [26] and in a mutant created by

site-directed mutagenesis has been shown to abolish
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the ability to replicate in the canine host [27]. The

mutation Glu-426 was initially detected in 2000 in

Southern Italy [16, 23] and subsequently in Southern

Asia [25]. While the mutations Ala-297 and Asp-300

affect the antigenic region located over the shoulder

region, the mutation Glu-426 affects the major anti-

genic region, located over the three-fold spike of CPV-

2 capsid. Monoclonal antibodies have been developed

that recognize the antigenic variant Asp-300 [28] and

Glu-426 [25]. Therefore it is possible to characterize

antigenically the variants 2a, 2b, Asp-300 and Glu-426,

by assessing the reactivity to a panel of monoclonal

antibodies in inhibition of haemagglutination. In

addition, sequence analysis of recent CPV-2a isolates

has revealed a reversion at position 555 to the se-

quence of FPV/CPV-2, Ile to Val (Table 1). This

mutation restricts the differences among the antigenic

variants 2a, 2b and Glu-426 to only one aa at position

426, that is Asn in CPV-2a, Asp in CPV-2b and Glu in

the Glu-426 mutant. Most CPV-2 strains spreading

currently in Italy differs only in this residue. The evo-

lution observed in the VP2 of CPV-2 has important

consequences for the PCR-based genotyping assay

described by Pereira [2]. Due to the limited number of

nt variations between CPV-2a and -2b, the 2b-specific

primers were selected taking advantage of two single nt

polymorphisms (SNPs), 4062-A fi T and 4449-

G fi A, that determine the replacement of Asn by Asp

at position 426 and of Ile by Val at position 555, in

reference CPV-2a and -2b strains, respectively (Fig. 1

and Table 1). Each primer was selected to have one

such mutation at the very 3¢ end, as nt mismatches that

occur at the 3¢ end of a primer are highly detrimental to

primer extension and strongly decrease PCR amplifi-

cation. However, most new CPV-2a strains have the

mutation 555 Val, due to the nt mutation 4449-G fi A.

Such mutation is present in CPV-2a strains spreading

in Southern Asia, as also evidenced by Wang et al. [1].

Therefore, the PCR-based genotyping system devel-

oped by Pereira et al. [2] is no longer able to discrim-

inate between type-2a and type-2b strains, as almost all

the novel CPV-2a strains (555-Val) will go mischarac-

terized as type-2b. In addition, the genotyping system

is not able to identify the Glu-426 antigenic variant,

that is currently epidemic in Italy, and that has been

also described sporadically in Southern Asia [25]. The

nt change responsible for the mutation Glu-426 has

occurred 2 nt downstream the primer binding region

and thus cannot be detected in this PCR-based geno-

typing system. To address this point, it is necessary to

adopt molecular assays able to recognize SNPs. For

instance, restriction enzyme digestion of short PCR

Table 1 Amino acid variations in the VP2 protein of parvoviruses from carnivores

80 87 93 101 103 297 300 305 323 426* 555* 564 568

FPV Lys Met Lys Ile Val Ser Ala Asp Asp Asn Val Asn Ala
CPV-2 Arg Met Asn Ile Val Ser Ala Asp Asn Asn Val Ser Gly
CPV-2a Arg Leu Asn Thr Ala Ser Gly Tyr Asn Asn Ile Ser Gly
CPV-2b Arg Leu Asn Thr Ala Ser Gly Tyr Asn Asp Val Ser Gly
New CPV-2b Arg Leu Asn Thr Ala Ala Gly Tyr Asn Asp Val Ser Gly
New CPV-2a Arg Leu Asn Thr Ala Ala Gly Tyr Asn Asn Val Ser Gly
Asp-300 Arg Leu Asn Thr Ala Ala Asp Tyr Asn Asn Val Ser Gly

Asp
Glu-426 Arg Leu Asn Thr Ala Ala Gly Tyr Asn Glu Val Ser Gly

*Amino acid residues affected by the SNPs that were used to design the type-2b-specific primers Pbs and Pbas [2]

Fig. 1 Schematic
representation of CPV2
genome. The sequence and
position of the primers
binding regions are shown.
The sequence of primer Pbas
[2] is reversed and
complemented to simplify
sequence comparison
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fragments of CPV-2 genome proved to be useful to

discriminate between CPV-2b and Glu-426 strains [23].

In the effort to speed up routine analysis, we have now

developed two minor groove binder (MGB) assays

able to recognize the SNPs observed in the variants of

CPV-2 (Decaro et al., submitted). Altogether, it is

likely that in the epidemiological survey by Wang et al.

[1] a number of strains that were typed as 2b are type-

2a, and that the prevalence of the type-2b variant is

overestimated. Also, other antigenic variants could

have gone undetected.

In conclusion, in our hands the PCR-based geno-

typing assay proposed by Pereira [2] failed to predict

the antigenic type of field CPV-2 strains, as the strategy

developed to amplify selectively type-2b CPVs was

affected by the genetic variations that accumulated in

CPV-2 genome. Antigenic analysis with monoclonal

antibodies, sequence analysis of the VP2 or detection

of SNPs by restriction enzyme analysis or by MGB

assays are required to characterize the antigenic vari-

ants of CPV-2.
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