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in the sensitivity of both single and nested PCR 
protocols in the biological samples.  

PCR products of the expected size, originating from 
four samples only at the nested step, were purified 
using an appropriate extraction kit (Qiaquick PCR 
purification kit, Qiagen) and directly sequenced 
on both strands with the same primers previously 
described, using a DNA analyser (ABI 3730, Applied 
Biosystems) capillary sequencer (BioFab Research 
srl). The sequences were assembled and aligned 
using BioEdit (2009). The sequence similarity was 
checked against sequences deposited in GenBank 
using the BLAST (Basic Local Alignment Search Tool) 
software (2009) to confirm the specificity of the PCR. 

Further procedures to validate the nested protocol 
were performed (data not shown).

Statistical analysis
The main diagnostic parameters of the IDS 
compared with PCR results were estimated (World 
Organisation for Animal Health 2016). Cohen’s 
kappa test was calculated to assess the agreement 
between strong or weak IDS of the referral 
veterinarian and PCR, which was considered as the 
gold standard. Values greater than 0.8 represented 
an excellent agreement, values between 0.61‑0.8 
represented a substantial agreement, between 
0.41‑0.6 a moderate agreement, between 0.21‑0.4 a 
fair agreement and below 0.20 a slight agreement 
(Landis and Koch 1977). A two‑sided p value (P) 
of ≤  0.05 was considered statistically significant. 
Statistical analyses were performed using StatsDirect 
software, version 2.7.9, and OpenEpi software.

Logistic regression was used to weight the overall 
effect of species, age and type of diagnosis (clinical 
vs post mortem examination) of the case on 
performing a correct diagnosis. The variables were 
examined separately for their association with the 
missed diagnoses (cases with weak IDS and positive 
PCR, considered false negative) or with incorrect PVI 
diagnoses (cases with strong IDS and negative PCR, 
considered false positive) evaluated as the outcomes. 
The effect of age was analysed separately, grouping 

to extract DNA using a commercial kit (DNeasy 
Tissue kit, Qiagen, Milan, Italy). The concentration 
and purity of the extracted DNA was quantified 
using a NanoDrop spectrophotometer (NanoDrop 
2000, Thermo Fisher Scientific, Milan, Italy).

A conventional PCR, targeting a fragment of 583 bp 
of the VP2 capsid protein‑encoding gene of PV, was 
used to detect PV DNA, including both FPV and the 
variants of CPV (Table I, Buonavoglia et  al. 2001). 
This protocol was able to amplify the DNA of all the 
PV strains, including the MboII restriction site, which 
is able to recognise the mutation at position  426, 
which characterises the type 2c and some 2a variants 
of CPV (Buonavoglia et al. 2001, Demeter et al. 2010). 
This allowed to recognise the presence of vaccinal 
interference, in case the DNA of vaccinal (variant 2 
or 2b) and wild (variants 2a, 2b, and 2c) strains were 
present simultaneously.  

Moreover, a nested PCR protocol was developed 
to increase the sensitivity of the test: two internal 
primers inside the fragment amplified by the 
previously published primer pair (Buonavoglia et al. 
2001) were designed using the Primer3 software 
(http://bioinfo.ut.ee/primer3‑0.4.0/primer3/) 
(Table I). However, this nested protocol was not able 
to distinguish PV strains, as it does not amplify the 
variant‑specific site.

An aliquot of 10 μl of RS DNA or 100 ng of DNA 
from tissues was tested in duplicate in a PCR assay 
(Microtech, Italy). Twenty‑five µL of reaction mixture 
contained 10x buffer, 3 mM MgCl2, 200  µM each 
deoxyribonucleotide triphosphate, 1 µM each 
primer (Sigma‑Genosys), 0.5 U Taq DNA polymerase 
(Microtech, Italy), and DNA as described above. 
One µL of DNA from the first test was used for the 
nested protocol developed in this study. Cycling 
conditions are given in Table I. In each set of reactions 
a positive (CPV Cornell strain) and a negative control 
(negative DNA sample), as well as a negative reaction 
mix control, were included. 

The DNA of a feline cell culture (Crandell feline kidney), 
infected with 100 TCID50/100 µL of the Cornell strain, 
was subjected to serial 10‑fold dilutions, ranging 
from 100 ng to 0.01 fg, to determine the difference 

Table I. PCR test protocol used for the biomolecular detection of Parvovirus infection.

PCR 
assay

Target 
gene Primer sequence (5'-3')

Amplification profile Product 
size 
(bp)

PCR 
type ReferencesInitial 

denaturation Denaturation Annealing Extension Final 
extension

555 F
VP2

CAGGAAGATATCCAGAAGGA 94 °C,
5 min

94 °C,
15 sec

40 cycles 72 °C,
45 sec

72 °C,
5 min 583 Single Buonavoglia 

et al. 2001555 R GGTGCTAGTTGATATGTAATAAACA 53 °C, 30 sec

Parvo- FN
VP2

CACCAGTTTATCCAAATGGTCA 94 °C,
5 min

94 °C,
30 sec

35 cycles 72 °C,
45 sec

72 °C,
5 min 211 Nested The current 

studyParvo- RN CCTTTCCACCAAAAATCTGAG 60 °C, 30 sec
F = Forward primer of the first round of PCR;    R = Reverse primer of the first round of PCR;    FN = Forward primer of the second round of PCR;
RN = Reverse primer of the second round of PCR.




