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Summary
The aim of this study was to evaluate the general characteristics of
commercially available enzyme-linked immunosorbent assays (ELISAs) to detect
antibody against classical swine fever (CSF), as well as to assess their potential
use as accompanying marker tests able to differentiate infected from vaccinated
animals (DIVA).
The Chekit* CSF-Sero and the HerdChek* CSFV Ab, both of which detect
antibodies against the E2 protein of classical swine fever virus (CSFV), had the
highest sensitivity. Both tests were practicable and showed good reproducibility.
Comparable sensitivity was shown by the Chekit* CSF-Marker, an Erns ELISA.
However, this test does not allow differentiation between antibodies directed
against ruminant pestiviruses and those against CSFV. Therefore, it is not
suitable for use with the chimeric marker vaccines tested.
The PrioCHECK&reg; CSFV Erns was the only ELISA suitable for use in DIVA with
marker vaccines containing Erns proteins from ruminant pestiviruses. However,
this test was less sensitive and selective than the E2-ELISAs and cannot be
recommended.
Keywords
Antibody ELISA – Classical swine fever – Differentiation of infected from vaccinated
animals – DIVA – Marker test – Sensitivity – Specificity.
Introduction
Classical swine fever (CSF) is one of the most important
epizootic diseases of pigs and wild boar, and it can cause
major economic losses in pig production (7). Within the
European Union (EU) the disease has been eradicated in
domestic pigs with the help of vaccination campaigns in
endemic areas, followed by a strict stamping-out policy.
Despite the fact that preventive vaccination is prohibited,
EU regulations allow the use of emergency vaccinations
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when based on an approved plan (10). For emergency
vaccination conventional modified live vaccines or marker
vaccines may be applied. The advantages of the currently
available conventional vaccines are the early onset of
immunity and full protection against vertical transmission.
Unfortunately, with the use of these vaccines, it is
impossible to differentiate infected from vaccinated animals
(i.e. to perform DIVA diagnostics) by serological testing.
This problem can be overcome with the use of marker
vaccines. So far, the only commercially available marker
vaccines are subunit vaccines based on the E2 glycoprotein
of classical swine fever virus (CSFV). Unfortunately, these
vaccines are less protective and the immune response is
delayed, when compared with conventional vaccines (3, 5,
27). A new generation of marker vaccine candidates based
on chimeric pestiviruses has been developed in order to
combine the DIVA strategy with good efficacy (1). Chimeric
pestiviruses constructed over recent years consist of CSFV
or border disease virus (BDV) E2-encoding sequences
inserted into a bovine viral diarrhoea virus (BVDV)
backbone (24, 25); alternatively, BVDV or BDV sequences
may be inserted into a CSFV backbone (28, 31).
The DIVA principle can only be implemented with the use
of a marker test to accompany the vaccine. This test must
be able to detect antibodies induced by CSFV infection,
even in the presence of vaccine-derived antibodies, in
order to detect or rule out CSFV infection in a vaccinated
population. Enzyme-linked immunosorbent assays
(ELISAs) for the detection of antibodies directed against
the E2, Erns or NS3 protein of CSFV are commercially
available. The E2-ELISAs are used in the field as
conventional screening tests for the detection of CSFV
infection on a herd basis (11). The Erns ELISAs were
developed as accompanying marker tests for E2 subunit
vaccines. Current EU guidelines suggest using these tests
only for herd-level testing of domestic pigs, not for
individual animals or feral pigs (12, 13). Depending on the
construction of the DIVA vaccines, E2, Erns and NS3
ELISAs can all potentially be used as marker ELISAs.
The aim of this study was to evaluate the general
characteristics of the commercially available ELISAs and
assess their potential as DIVA diagnostic tools. Within a
collaborative survey, seven commercially available CSFV
antibody ELISAs were compared, including two new or
improved ELISAs: the LDL Pigtype&reg; CSFV Ab and the
PrioCHECK&reg; CSFV Erns. Together with the ELISA kits,
41 randomly allocated serum samples were distributed to
the ring trial partners. All participants added positive
samples from animal experiments and negative field
samples. Altogether more than 13,000 reactions were
conducted. The World Organisation for Animal Health
(OIE) Manual of Diagnostic Tests and Vaccines for Terrestrial
Animals was used to provide guidelines for validation of the
tests and determination of assay performance
characteristics (33).
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Materials and methods
Partners in the collaborative survey and
evaluation of classical swine fever virus
antibody enzyme-linked immunosorbent assays
The collaborative survey was organised by the Community
Reference Laboratory (CRL) for CSFV, Hanover, Germany.
The four other institutes participating in this study were:
the National Reference Laboratories for CSFV at the
Central Veterinary Institute of Wageningen UR (CVI) in
Lelystad, the Netherlands; the Veterinary and
Agrochemical Research Centre (VAR-CODA-CERVA) in
Brussels, Belgium; the National Veterinary Institute at the
Technical University of Denmark (DTU), in Lindholm,
Denmark; the Friedrich-Loeffler-Institute (FLI) on the
island of Riems, Germany.
Seven ELISA test kits designed to detect antibodies against
CSFV were included in the collaborative survey. Four of
them detect antibodies against the CSFV E2 glycoprotein:
Chekit* CSF-Sero (IDEXX, Laboratories B.V. SchipholRijk, the Netherlands); HerdChek* CSFV Ab (IDEXX);
Pigtype&reg; CSFV Ab (Labor Diagnostik, Leipzig, GmbH
Leipzig, Germany); PrioCHECK&reg; CSFV 2.0 (Prionics,
Lelystad B.V., the Netherlands). The Serelisa&reg; HCV Ab
Mono Blocking (Synbiotics Europe, Lyons, France) detects
antibodies to the CSFV NS3 protein. Two kits detect
antibodies to the Erns glycoprotein: Chekit* CSF-Marker
(IDEXX) and PrioCHECK&reg; CSFV Erns (Prionics). The
ELISAs are listed in Table I, together with their abbreviated
names used in this study, their suppliers and the types of
antibody they detect. All ELISA kits were used according to
the manufacturer’s instructions. If incubation periods
during the day and overnight were both possible, the
overnight incubation was carried out.
Serum samples used in the
collaborative survey (section A)
For the collaborative study, 41 serum samples were
selected by the CRL, anonymised and distributed to the
participants together with the ELISA kits. The serum
samples were derived from pigs vaccinated and/or
experimentally infected with attenuated live vaccines,
commercially available or experimental DIVA vaccines,
different CSFV strains, and ruminant pestivirus strains
(Table II). In addition, samples free of pestivirus antibodies
were included. The animal experiments that produced
these samples have been published elsewhere; the
references are listed in Table III. The samples were
obtained at different times post infection or vaccination to
obtain a broad spectrum of different antibody titres. The
samples from CSFV-infected animals were produced with
various strains to reflect genetic groups from different
regions of the world.
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Table I
Enzyme-linked immunosorbent assays used in this study and their characteristics
Abbreviated name
Chekit E2
Full name
HerdChek E2
Pigtype E2
PrioCHECK E2 Serelisa NS3
Chekit Erns
PrioCHECK Erns
Chekit* CSF-Sero HerdChek*
CSFV Ab
Pigtype&reg;
CSFV Ab
PrioCHECK&reg;
CSFV Ab 2.0
Serelisa&reg; HCV
Ab Mono
Blocking
Chekit* CSFMarker
PrioCHECK&reg;
CSFV Erns
Producer/supplier
IDEXX
Laboratories
IDEXX
Laboratories
Labor
Diagnostik
Leipzig
Prionics
Lelystad
B.V.
Synbiotics
Europe
IDEXX
Laboratories
Prionics
Lelystad B.V.
Antibodies detected
E2
E2
E2
E2
NS3
Erns
Erns
Solid plates/strip plates
Both
Both
Both
Both
Both
Both
Both
No. of steps
3
3
3
3
3
4
4
Dilution of samples
Yes
Yes
No
Yes
Yes
Yes
No
Day and/or overnight incubation
Both
Both
Both
Day
Overnight
Day
Day
Incubation time (short protocol)
135 min
160 min
130 min
110 min
15.5 h
150 min
135 min
Incubation at room temperature
Yes
Yes
Yes
No, 37&deg;C
Yes
No, 37&deg;C
No, 37&deg;C
Reagents that have to be prepared Wash buffer
Wash buffer
Wash buffer,
conjugate
Wash buffer,
conjugate
Wash buffer,
conjugate
Wash buffer,
conjugate,
sample diluent
Wash buffer,
conjugate dilution
buffer, antigen
Filter wave-length in nm
450
450
450
450
450
405
450
Clear instructions
Yes
Yes
Yes
Yes
Yes
No
No
For all samples, the titres of neutralising antibodies against
the homologous virus and against CSFV strain Alfort 187
(4), as well as antibody titres against BVDV-1 strain NADL
(23), BVDV-2 strain Munich-2 (2), and BDV strain
Moredun (29), were determined in neutralisation tests
(NT), which are considered the standard approach (17; the
NT data on CSFV Alfort and the homologous viruses are
shown in Table II).
positive (sensitivity) and negative samples (specificity). In
addition, the practicability of the kits was assessed. Each
serum sample was tested in duplicate using all ELISA kits.
For ELISA kits that classify results as doubtful, the
doubtful results were counted as positive. This was
necessary in order to be able to compare the results of
different ELISAs and also to reflect use in the field, where
positive and doubtful results are usually confirmed using a
second test (often NT).
Serum samples added
by the partners (section B)
The validity of the ELISA kits was calculated using the
number of ELISA plates with valid results as a percentage
of all plates tested: percentage validity = (valid plates
&times; 100)/tested plates. Valid results were achieved when the
results for the standard sera were within the acceptance
criteria.
Each of the participating laboratories included between
49 and 54 samples from their national pig herds (a total of
253 samples), which were supposed to be negative for
CSFV antibodies, but with an unknown status for the
presence of antibodies against ruminant pestiviruses. In
addition, approximately 100 well-characterised samples
from vaccination and/or infection experiments were tested
separately by each partner to ensure wide coverage of
different serum samples (Table IV).
Experimental set-up
For all ELISA kits the following characteristics
were calculated as described below: validity,
reproducibility, and the percentages of correctly identified
During an outbreak of CSF it is sometimes necessary to
perform an ELISA under emergency field conditions.
Hence, the practical aspects of handling the different CSFV
antibody ELISA kits were evaluated, on the basis of the test
characteristics (Table I). Practical aspects of particular
interest were how long it took to perform the test, how
simple it was to use, and whether or not it had a high
sample throughput without special equipment.
The reproducibility, i.e. the inter-laboratory repeatability,
was calculated from the results of the 41 samples used in
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Table II
Serum samples distributed to the ring trial partners (section A)
Strain identification (ID) and genotype designation are in accordance with the CSFV database at the European Central Reference Laboratory
ID No.
16
17
21
10
30
15
22
28
9
38
7
33
6
35
14
12
13
2
1
37
26
29
36
39
11
18
23
4
42
43
40
20
32
41
8
5
34
27
25
31
24
Alf187:
BDV:
BVDV:
CSFV:
dpi:
dpv:
gt:
n.a.:
Vaccine strain name
gt
Virus strain name and ID
gt
dpv/dpi
NT Alf187
NT homologue
n.a.
CSFV Riemser C-strain(a)
CSFV Riemser C-strain
CSFV Riemser C-strain
CSFV GPE– (a)
CSFV GPE–
n.a.
CSFV BAYOVAC&reg;(c)
CSFV BAYOVAC&reg;
CSFV BAYOVAC&reg;
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
CSFV FLc9(d)
CSFV FLc9
CSFV FLc9
CSFV FLc11(e)
CSFV FLc11
CSFV FLc11
CSFV pRiemsABCgif (f)
CSFV pRiemsABCgif
CSFV pRiemsABCgif
CSFV pRiemsABCgif
n.a.
n.a.
n.a.
n.a.
BVDV CP7_E2alf(g)
BVDV CP7_E2alf
BVDV CP7_E2alf
BVDV CP7_E2gif(h)
BVDV CP7_E2gif
n.a.
n.a.
n.a.
n.a.
n.a.
1.1
1.1
1.1
1.1
1.1
1.3
1.2
1.2
1.2
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
n.a.
n.a.
n.a.
n.a.
1
1
1
1
1
n.a.
n.a.
n.a.
n.a.
CSFV 759/Rus CSF0695
n.a.
n.a.
CSFV Behring CSF0927
n.a.
CSFV Uelzen CSF0634
CSFV Guatamala CSF0650
n.a.
n.a.
CSFV Paderborn CSF0277
CSFV Paderborn CSF0277
CSFV Paderborn CSF0277
CSFV Uelzen CSF0621
CSFV Spreda CSF0854
CSFV Uelzen CSF0634
CSFV Uelzen CSF0634
CSFV Uelzen CSF0634
CSFV Kanagawa CSF0309
n.a.
n.a.
CSFV Paderborn CSF0277
n.a.
n.a.
CSFV Bresia CSF0905
n.a.
n.a.
n.a.
CSFV Kozlov CSF0382
BVDV NADL
BVDV NADL
BVDV CS-8644
BVDV CS-8644
n.a.
n.a.
CSFV Kozlov CSF0382
n.a.
CSFV Eystrup CSF0910
BDV 137/4
BDV 137/4
Negative serum
Negative serum
1.1
n.a.
n.a.
1.1
1.1
2.3
1.3
n.a.
n.a.
2.1
2.1
2.1
2.3
2.3
2.3
2.3
2.3
3.4
n.a.
n.a.
2.1
n.a.
n.a.
1.2
n.a.
n.a.
n.a.
1.1
1
1
2
2
n.a.
n.a.
1.1
n.a.
1.1
1
1
n.a.
n.a.
14
28
42
58/30
35+42(b)
43/27
27
14(b)
377
60/45
21
42
41
27
23
23
28
24
35(b)
93
74/49
21(b)
93
56/42
43
71
71
36/13
69
69
44
72
28
35
36/13
21(b)
43/15
44
44
n.a.
n.a.
30
120
240
&gt; 640
480
&gt; 640
240
7.5
&gt; 640
&gt; 640
30
80
240
&lt;5
10
20
20
30
&lt;5
10
480
15
640
&gt; 640
&lt;5
20
30
480
&lt;5
5
&lt;5
7.5
40
320
&gt; 640
&lt;5
120
&lt;5
7.5
&lt;5
&lt;5
30
640
640
&gt; 640
480
&gt; 640
640
7.5 (Alf187)
&gt; 640 (Alf187)
&gt; 640 (Alf187)
480
640
&gt; 640
15
60
640
640
320
n.d.
n.d.
320
480
&gt; 640
&gt; 640
160 (BDV Gifhorn)
640 (BDV Gifhorn)
&gt; 640 (BDV Gifhorn)
&gt; 640 (Kozlov)
15
15
n.d.
n.d.
40 (Alfort187)
320 (Alfort187)
&gt; 640 (Kozlov)
30 (BDV Gifhorn)
&gt; 640 (Eystrup)
n.d.
n.d.
n.d.
n.d.
Alfort187
border disease virus
bovine viral diarrhoea virus
classical swine fever virus
days post infection
days post vaccination
genotype
not applicable
n.d.:
NT:
a)
b)
c)
k–o:
(DIVA)
not done
virus neutralisation test
a vaccine based on a live attenuated virus
pooled samples
a vaccine based on an E2 subunit
chimeric differentiation of infection from vaccination
vaccines constructed as follows:
the collaborative survey (section A). The reproducibility of
each test is given as the percentage of the 41 samples that
achieved the same result in that test in all laboratories
(including only valid results): percentage reproducibility
= number of samples &times; number of ELISA test runs (using
the same kit in different laboratories) with the same results
&times; 100/number of samples &times; total number of ELISA test
runs (using the same kit in different laboratories).
d)
e)
f)
g)
h)
classical swine fever virus (CSFV) backbone and E2
from bovine viral diarrhoea virus (BVDV)-2
CSFV backbone and Erns from BVDV-2
CSFV backbone and E2-ABC domain from border
disease virus (BDV)
BVDV-1 backbone and E2 from CSFV
BVDV-1 backbone and E2 from BDV
The percentage of correctly identified positive results
for each ELISA kit was calculated for different categories of
samples, i.e. different viruses or vaccines, separately
for section A as well as for section B and, in addition, for
all samples in the collaborative survey independent of
their category. The percentage of correctly identified
negative results for each ELISA kit was calculated in
the same way. Correct positive and negative results depend
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Table III
Percentages of correctly identified positives (pos.) and negatives (neg.) calculated for samples distributed within an inter-laboratory
comparison test (section A)
No. of
samples
dpv
dpi
Criterion
Chekit
E2
CSFV (different strains)
10
n.a.
14–42
% pos.
95
90
74
77
52
90
68
BVDV-1 NADL,
BVDV-2 CS-8644,
BDV 137/4
6
n.a.
44–72
% neg.
92
97
89
100
17
0
54
(16, 30, 32)
C-strain, GPE–
3
28–42
n.a.
% pos.
100
93
93
100
17
87
42
(18, 19)
C-strain + Behring*;
GPE– +
VI3837/38
2
58; 43
30; 27
% pos.
100
100
100
100
38
100
88
(18, 19)
E2 subunit
2
14; 377
n.a.
% pos.
100
90
60
100
Category
HerdPigtype
PrioSerelisa
chek E2
E2
CHECK E2
NS3
% neg.
Chekit
Erns
PrioCHECK
References
Erns
(3)
100
100
100
100
100
75
E2 subunit + V1240/97
1
60
45
% pos.
100
100
100
100
CP7_E2alf
2
28; 35
n.a.
% pos.
100
100
10
100
100
0
100
CP7_E2alf + Kozlov
1
36
13
% pos.
100
100
100
100
100
100
75
Flc11
2
21; 93
n.a.
% pos.
100
90
90
100
50
% neg.
(25)
% neg.
Flc11 + Brescia
1
56
42
% pos.
100
100
100
100
(3)
100
(25)
(28)
0
75
100
25
(28)
CP7_E2gif
1
21
n.a.
% neg.
75
100
100
100
100
0
100
(24)
CP7_E2gif + Eystrup
1
43
15
% pos.
100
100
100
100
100
100
25
(24)
pRiems_ ABCgif
3
43–71
n.a.
% pos.
67
47
33
(31)
0
100
75
(31)
12
60
88
(28)
(28)
% neg.
58
60
40
44
100
100
100
100
pRiems_ABCgif + Kozlov
1
36
13
% pos.
Flc9
2
35; 93
n.a.
% pos.
% neg.
100
90
100
100
Flc9 + V1240/97
1
74
49
% pos.
100
100
100
100
75
100
50
Negative samples
2
n.a.
n.a.
% neg.
100
100
90
100
100
100
100
Samples with CSFV
antibodies
% pos.
98
94
86
91
52
85
59
Samples with
antibodies against
BVDV-1, BVDV-2, BDV
% neg.
83
87
79
86
44
0
70
Samples with no
pestivirus antibodies
% neg.
100
100
90
100
100
100
100
Summary, all samples:
dpi: days post infection
dpv: days post vaccination
n.a.: not applicable
*challenge infections were added with a + sign
% pos: sensitivity
% neg: specificity
on the specifications of the test and the virus or vaccine
used. Given that the samples did not represent a realistic
distribution in the field, and that the same samples
were tested several times in different laboratories,
these percentages cannot be regarded as absolute
BDV: border disease virus
BVDV: bovine viral diarrhoea virus
CSFV: classical swine fever virus
estimates of diagnostic sensitivity and specificity,
but can be used for comparative purposes. If false positives
are the result of cross-reactivity with antibodies against
ruminant pestiviruses, this reflects in particular a lack of
selectivity.
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Table IV
Percentages of correctly identified positives (pos.) and negatives (neg.) for classical swine fever virus (CSFV) antibody enzyme-linked
immunosorbent assays (ELISAs), calculated from samples added individually by the partners (section B)
No. of samples
in each category
dpv
dpi
Criterion
Chekit
E2
HerdChek E2
Pigtype
E2
CSFV
24
n.a.
14–65
% pos.
100
100
100
83
n.d.
100
58
CRL
BVDV, BD
6
n.a.
34–90
% neg.
100
100
33
100
n.d.
17
83
CRL
C-strain
20
11–49
n.a.
% pos.
95
70
55
15
25
70
10
CODA
E2 subunit +
challenge(a)
84
14–330
21; 42
% pos.
100
100
99
100
9
85
56
DTU, CVI
82–128(c)
7–98
n.a.
% pos.
% neg.
86
85
72
62
97
29
96
100
67
100
53
CVI
65
100
33
DTU
17
11
5
CRL
64
100
82
CVI
Category
CP7_E2alf
Flc11 + challenge
CP7_E2gif +
challenge
pRiems_ ABC gif
Flc9 + challenge
15
16–20
37
33
(g)
(b)
Prio- Serelisa
CHECK E2 NS3
7–28
21
% pos.
100
100
100
28
3–42
% pos.
95
60
Invalid
62
7–71
n.a.
% pos.
% neg.
95
92
63
89
% pos.
97
100
76
97
7–28
21
a) challenge infections were added with a + sign
b) also contact animals
c) number was different for different tests
d) invalid: the plate used failed to meet the validation criteria
BD: border disease
BVDV: bovine viral diarrhoea virus
(d)
CODA:Centrum voor Onderzoek in Diergeneeskunde en
Agrochemie (Veterinary and Agrochemical Research
Centre)
CRL: Community Reference Laboratory
CVI: Central Veterinary Institute of Wageningen
dpi: days post infection
Results
Evaluation of the general characteristics
of the enzyme-linked immunosorbent assays
Validity
Every participating laboratory tested three to five plates for
each ELISA kit: all together between 19 and 22 plates were
tested for each kit. All the ELISAs had invalid plates in at
least one laboratory (Table V). The percentage validity of
the test kits ranged from 77.2% for the PrioCHECK E2 to
95.2% for the HerdChek E2.
The reasons for invalidity varied. For the Chekit E2 and
Chekit Erns, the difference between the optical densities
(OD) of the negative and positive controls was too low. For
the Pigtype E2, PrioCHECK E2, and PrioCHECK Erns, the
average OD of the negative controls was too low. For the
Serelisa NS3 and PrioCHECK E2 the inhibition percentage
of the positive or low positive control was too low, and for
the PrioCHECK Erns the inhibition percentage of the low
positive control was too high. One plate of the HerdChek
E2 ELISA kit displayed no reaction at all. The results from
invalid plates were not used for further evaluation.
Practicability
An overview of the methodical aspects of the ELISAs and
the equipment needed is given in Table I. The Pigtype E2,
Chekit
PrioErns CHECK Erns
Partner
CRL, CODA, FLI
dpv:
DTU:
FLI:
n.a.:
n.d.:
days post vaccination
Technical University of Denmark
Friedrich-Loeffler-Institute
not applicable
not done
the HerdChek E2 and the Chekit E2 ELISAs achieved the
best results for practicability. They were quick and easy to
perform, with variable incubation times and clear
instructions, and no need for special equipment. The
Erns ELISAs were less practicable.
Reproducibility
The reproducibility of the different ELISAs ranged between
91.4% and 98.4% (Table VI). The calculation did not
reflect the number of laboratories with valid results, and
these are therefore also indicated in Table VI. The
PrioCHECK E2 test showed the best reproducibility, but
valid results could be achieved for this test in only three
laboratories. The new ELISAs, PrioCHECK Erns and Pigtype
E2, showed the lowest reproducibility, but had valid results
in four and five laboratories, respectively.
Percentage of correctly identified
positive and negative samples
Samples distributed to the partners
in the collaborative survey (section A, Table II).
The percentages of correctly identified positives and
negatives calculated using all suitable ring trial samples,
independent of their origin, are shown in Table III. The
best results for E2-ELISAs with CSFV antibody positive
samples were obtained using the Chekit E2 ELISA (98.1%
correctly identified) and HerdChek E2 (94.0%). The
Chekit Erns test showed the highest percentage among the
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Table V
Number of valid plates/number of tested plates for every enzyme-linked immunosorbent assay tested in all participating laboratories,
and the resulting percentage validity
Laboratory
Chekit E2
HerdChek E2
Pigtype E2
PrioCHECK E2
Serelisa NS3
Chekit Erns
PrioCHECK Erns
CRL
5/5
5/5
5/5
5/5
4/4
5/6
3/5
FLI
3/3
3/3
2/3
3/3
0/3
2/2
3/3
DTU
2/4
4/4
2/4
2/4
4/4
3/4
3/4
CODA
4/4
5/5
4/4
2/5
4/4
4/4
4/4
CVI
4/4
3/4
4/4
5/5
4/4
4/4
5/5
Sum
18/20
20/21
17/20
17/22
16/19
18/20
18/21
% Validity
90.0
95.2
85.0
77.2
84.2
90.0
85.75
CODA: Centrum voor Onderzoek in Diergeneeskunde en Agrochemie (Veterinary and Agrochemical Research Centre)
CRL: Community Reference Laboratory
CVI: Central Veterinary Institute of Wageningen
DTU: Technical University of Denmark
FLI: Friedrich-Loeffler-Institute
Table VI
Reproducibility and specificity of the classical swine fever
virus antibody enzyme-linked immunosorbent assay (ELISA) test
kits
No. of laboratories
%
%
with valid
reproducibility specificity(a)
results
ELISA
SD(b)
Chekit E2
4
95.7
93.7
0.033
HerdChek E2
5
94.1
99.2
0.016
Pigtype E2
5
92.1
92.0
0.098
PrioCHECK E2
3
98.4
100.0
0.000
Serelisa NS3
4
95.1
92.0
0.042
Chekit E
5
95.6
98.8
0.008
PrioCHECK Erns
4
91.4
99.5
0.010
rns
partners and then given as mean values together with the
standard deviations (SD; Table VI). The best results
were achieved by the PrioCHECK E2, PrioCHECK
Erns, HerdChek E2 and Chekit Erns, with percentages close
to 100%.
a) specificity given as mean value calculated from the individual results
of the five participating laboratories
b) standard deviation of specificity
Erns- and NS3-ELISAs. The lowest percentages were
obtained for the PrioCHECK Erns and Serelisa NS3 tests,
with only 58.7% and 51.8% of positive samples correctly
identified, respectively.
The highest percentages for E2-ELISAs with samples
containing antibodies to ruminant pestiviruses (selectivity)
were obtained by HerdChek E2 and PrioCHECK E2
ELISAs. The Chekit Erns test (0% selectivity) was clearly
unable to differentiate between antibodies against the Erns
protein of CSFV and those of ruminant pestiviruses.
According to the producer’s test manual the assay is
specific for pestiviruses and not for CSFV.
Negative samples (section B)
The percentages of correctly identified negative samples
were calculated using samples included by the partners
that were obtained from their national pig herds (section
B). The percentages were determined for the individual
Samples from animals infected
with classical swine fever virus
The E2-ELISAs Chekit E2 and HerdChek E2 showed the
highest percentages of correctly identified positives with
samples from CSFV-infected pigs in sections A and B
(Tables III and IV). The other E2-ELISAs, Pigtype E2 and
PrioCHECK E2, showed problems in detecting samples
from animals infected with CSFV genotype 3.4 strain
Kanagawa, or did not recognise all CSFV samples with low
NT titres (between 1:&lt; 5 and 1:20) against CSFV Alfort
187. The result of the Erns ELISA Chekit Erns was
comparable to those of the E2-ELISAs. The lowest
percentages of correctly identified positives were shown by
the Serelisa NS3 and PrioCHECK Erns tests. With both
these ELISAs, false-negative results were obtained when
testing sera from animals infected with the older reference
strains 759/Ru, Brescia, Eystrup or Guatemala HC/#4409,
or those vaccinated with C-strain or GPE–. These viruses
and vaccine strains belong to the genetic groups 1.1, 1.2
and 1.3.
Samples from animals infected with bovine
viral diarrhoea virus and border disease virus
The highest percentages of correctly identified CSFVnegative samples that contained antibodies against
ruminant pestiviruses were achieved by the PrioCHECK
E2 and HerdChek E2 tests (Tables III and IV). The
NS3 and Erns ELISAs were less selective.
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Samples from animals vaccinated
with conventional vaccines
The percentages of correctly identified positive samples
from animals that had been vaccinated with GPE– or
C-strain, and from those that had undergone vaccination
and challenge infection, are also shown in Table III. Most
results were comparable to the percentages obtained with
samples from CSFV-infected animals. However, the
NS3-ELISA Serelisa NS3 detected only 16.7% and 37.5%
of these samples, respectively. Samples from GPE–
vaccinated and GPE– vaccinated and subsequently
challenged animals were not detected at all by this test. On
the other hand, the Chekit E2 and PrioCHECK E2 ELISAs
detected all of these samples.
All tests showed lower percentages with samples from
animals vaccinated with the C-strain in section B (Table IV)
in comparison to section A. The reason is that most of the
samples were obtained shortly after vaccination. Despite
this fact, the Chekit E2 ELISA achieved very good results.
The PrioCHECK E2 ELISA was very insensitive when
testing these sera.
Differentiation between
infection and vaccination using
the enzyme-linked immunosorbent assays
E2 subunit vaccine
The NS3 and Erns ELISAs could be used as discriminatory
ELISAs for animals vaccinated with an E2 subunit vaccine.
The percentage of correctly identified negatives was 100%
for these tests (Table III). The Chekit Erns achieved the best
results after challenge infection. The percentage of
correctly identified positives was lower for section B
(Table IV) compared with section A and with samples from
CSFV-infected animals in general. This is probably because
serum samples from contact animals and samples obtained
before day 21 post challenge infection were also included
in section B.
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with CP7_E2alf (section B), the percentage of samples
correctly identified as negative was between 96% and 97%
for these two tests (Table IV).
Flc11
For the vaccine candidate Flc11 (CSFV C-strain backbone
with Erns protein from BVDV-2), the Erns tests could
theoretically be used as discriminatory ELISAs. Two serum
samples from animals vaccinated with this construct were
tested and should have been negative in the Erns tests.
However, the PrioCHECK Erns was positive for one of these
two samples in two out of four laboratories (Table III). The
Chekit Erns test was positive for both samples in all
laboratories. One serum sample taken from an animal after
challenge infection was correctly identified as positive in
only one out of four laboratories with the PrioCHECK Erns
test. With 15 more samples, taken after vaccination and
challenge infection, tested by CVI, the percentage of
correctly identified positives was 53.3% for the
PrioCHECK Erns test (Table IV).
CP7_E2gif
All the ELISAs tested, the E2-, Erns- and NS3-ELISAs, could
theoretically be used as marker tests for the modified live
vaccine candidate CP7_E2gif (BVDV-1 strain CP7 with the
E2 protein of BDV strain Gifhorn).
With one available sample taken after vaccination, the
ELISAs were correctly negative in all laboratories, with the
exception of the Chekit E2 (one out of four positive) and
the Chekit Erns ELISAs (all five positive; Table III). The
sample taken after challenge infection was positive with all
ELISA kits in all laboratories, except with the PrioCHECK
Erns (three out of four negative). Additionally, 20 samples
from animals vaccinated with CP7_E2gif and subsequently
challenge infected with CSFV strain Eystrup on day 28
after vaccination were tested (section B). The percentages
of correctly identified positives ranged from 33.3% to
100% (Table IV). It should be noted that some samples
were obtained shortly after challenge infection, when high
antibody titres would not be expected.
CP7_E2alf
The backbone of the new generation live marker vaccine
candidate CP7_E2alf is the BVDV-1 strain CP7. The E2
protein of this strain was exchanged with the E2 protein of
the CSFV strain Alfort 187. Therefore, the NS3 and Erns
ELISAs could theoretically be used as discriminatory
ELISAs. Two samples distributed to the partners in the
collaborative survey were identified correctly as negative
by the Serelisa NS3 and the PrioCHECK Erns tests, while
the Chekit Erns test found both samples to be positive
(Table III). One serum sample taken from an animal after
challenge infection was positive in all laboratories with the
Serelisa NS3 and in three out of four laboratories with the
PrioCHECK Erns test. For samples from animals vaccinated
pRiems_ABCgif
For the new generation live marker vaccine candidate
pRiems_ABCgif (the ABC domain of the E2 protein of
CSFV vaccine strain ‘C-Riems’ exchanged with the same
domain of BDV strain Gifhorn), E2-ELISAs targeting the
ABC domain could theoretically be used as discriminatory
ELISAs. The prerequisite is that these ELISAs differentiate
between BDV E2 and CSFV E2 antibodies. The four E2ELISAs tested only achieved percentages between 40% and
60% for correctly identified negative samples with this
construct; three samples without challenge were
distributed in the comparison test (Table III). Two samples
taken on day 71 after vaccination with pRiems_ABCgif,
Rev. sci. tech. Off. int. Epiz., 31 (3)
which were positive in most of the laboratories, showed
high NT titres against the homologous BDV strain and low
titres against CSFV Alfort 187. All E2-ELISAs were able to
detect a sample from an animal vaccinated and
subsequently challenged.
With the 37 samples from animals vaccinated with
pRiems_ABCgif in section B, the selectivity of the
E2-ELISAs was considerably higher (Table IV). This is
probably because a large number of samples taken shortly
after vaccination were included.
Flc9
The percentage of correctly identified negatives was found
to be 90% for the HerdChek E2 and 100% for the other
three E2-ELISAs with two samples taken after vaccination
with the Flc9 vaccine candidate (CSFV C-strain backbone
with E2 protein of BVDV-2). After challenge infection, all
E2-ELISAs were able to detect this sample as positive
(Table III). With 33 additional samples from animals
vaccinated with Flc9 and infected subsequently with
different strains on days 7, 14 and 28 post vaccination
(section B), the results could be stated more precisely. The
Chekit E2 and the PrioCHECK E2 showed 97.0% correctly
identified positives, the HerdChek E2 100% and the
Pigtype 75.8% (Table IV).
Discussion and conclusion
General characteristics of the classical
swine fever virus antibody enzyme-linked
immunosorbent assays
Within the collaborative survey the validity of the ELISAs
was in general low to moderate. Every ELISA kit had one
or more invalid plates, sometimes in as many as three of
the five participating laboratories. The validity needs to be
improved if the tests are to be used for routine purposes, to
avoid the need to retest a large number of plates. It was
observed that tests that were routinely used in a laboratory
had fewer invalid plates in that particular laboratory. The
practicability of the tests may have also influenced the
validity in this study. Two tests that were quick and easy to
perform, the HerdChek and the Chekit Sero, also achieved
the best results in the validity evaluation. However, other
factors such as the stability of the manufacturers’ control
sera may have influenced the validity. Technical difficulties
were the cause of invalidity and false-positive or falsenegative results with the Chekit Erns in a previous study
(13). In that study it was found that most of the technical
difficulties could be avoided by using automatic plate
shakers and plate washers, which thereby decreased the
practicability.
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The practicability of the tests is important for the
application of CSFV antibody ELISAs in the field. While all
the E2-ELISAs were quick and easy to perform, the
NS3-ELISA needs a long incubation time and the
Erns ELISAs required preparation of many solutions, of
which the stock was often limited.
The results for correctly identified positive samples
indicated that the Chekit E2 and the HerdChek E2 had the
highest sensitivity among the E2-ELISAs, whereas the
PrioCHECK E2 and the Pigtype E2 were less sensitive.
Among the Erns- and NS3-ELISAs the Chekit Erns was the
most sensitive test. Its percentage of correctly identified
positives, especially with sera from animals infected with
CSFV, was comparable to those of the Chekit E2 and
HerdChek E2 ELISAs. This result is in accordance
with former studies (13, 15).
In the EU Diagnostic Manual (11) it is stated that ELISAs
must be able to detect as positive all serum samples from
convalescent pigs that are obtained after 21 days post
infection (dpi). When the percentage of correctly identified
positives was calculated using only the samples obtained
after 21 dpi, no significant difference was seen when
compared with the values obtained from the calculations
based on all samples (data not shown).
In experiments that involve challenge infection
after vaccination, it is important to note that, depending on
the success of vaccination, only minor propagation of
challenge virus may occur. Therefore, a reduced
antibody response may be seen against the immunogenic
proteins that are present on the challenge virus but not on
the vaccine. As a consequence, the ELISAs may
remain negative (6). This may not cause major problems in
control and eradication programmes, because former
studies have shown that successfully immunised animals
are fully protected against clinical signs of CSFV infection,
viraemia and shedding of the challenge virus (20, 21,
22, 25).
Based on the number of correctly identified
negative samples in a random field population,
the PrioCHECK E2, PrioCHECK Erns, HerdChek E2 and
Chekit Erns seemed to have the highest specificity. However,
the PrioCHECK Erns and Chekit Erns tests lacked
selectivity as a result of cross-reactivity with antibodies
against ruminant pestiviruses. The same outcome was
observed in an evaluation study of the Chekit Erns test
performed in 2003 (13). This study concluded that the
Chekit Erns ELISA could be used as a discriminatory test on
a herd basis for animals vaccinated with an E2 subunit
vaccine. Nevertheless, it was not recommended that
this test be used in regions with a high prevalence of BVDV
and BDV antibodies. Therefore, this test is not expected to
be used in combination with recombinant pestivirus
vaccines.
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Differentiation between infection
and vaccination using the classical
swine fever virus antibody enzyme-linked
immunosorbent assays
The requirements for DIVA antibody ELISAs, especially
ELISAs based on Erns-differentiation, are higher than those
for E2-ELISAs because detection of CSFV infection after
vaccination with a DIVA vaccine depends entirely on the
discriminatory ELISA. No confirmatory assays are
available. Generally, NTs are used to confirm positive
results with E2-ELISAs. However, it is not possible to
perform NT after vaccination with vaccines containing
antigenic domains of CSFV E2. Therefore, false-positive
results with Erns ELISAs caused by cross-reactivity with the
DIVA vaccine itself or infection with other pestiviruses
cannot be excluded. In addition, the detection of genomic
material from recombinant DIVA vaccines in blood
samples is only possible shortly after vaccination, or not at
all, using real-time reverse transcriptase polymerase chain
reaction (RT-PCR) (20, 22, 24, 26).
For E2 subunit vaccines, Erns- and NS3-ELISAs could
potentially be used as DIVA tests. With samples from
animals vaccinated with E2 subunit vaccines and
subsequently challenged, as well as with samples from
CSFV-infected animals, the Chekit Erns test was shown to
be much more sensitive than the PrioCHECK Erns and the
Serelisa NS3. The Chekit Erns ELISA and the precursor of
the PrioCHECK Erns ELISA, the Ceditest CSFV-Erns ELISA,
have already been evaluated with E2 subunit vaccines in
other studies (13, 14), with similar results. When using
these tests in the field, it must be borne in mind that the
Chekit Erns ELISA cannot differentiate between antibodies
directed against CSFV and those against ruminant
pestiviruses.
For the chimeric pestivirus constructs containing Erns
proteins of ruminant pestiviruses (CP7_E2alf and FLc11),
only the Erns ELISAs could potentially be used as DIVA
tests. For CP7_E2gif, Erns- as well as E2-ELISAs could be
used (see below with regard to E2-ELISAs).
It is known that antigenic epitopes of the NS3 protein are
conserved among pestiviruses (8, 9). Therefore, for the
Serelisa NS3 test, differentiation between BVDV and CSFV
antibodies and potential utility as a DIVA ELISA for
CP7_E2alf or CP7_E2gif marker vaccines was not
expected. Negative results for animals vaccinated with
CP7_E2alf or CP7_E2gif probably occurred as a result of
the low sensitivity of this test and not on account of the
good selectivity.
Preliminary trials (13), as well as this study, showed that
the Chekit Erns ELISA is not specific for CSFV and therefore
cannot be used as a DIVA test for chimeric pestiviruses.
Hence, the PrioCHECK Erns ELISA is the only candidate for
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use as an accompanying test for the CP7_E2alf and Flc11
vaccines. However, in the present study the percentages of
correctly identified negatives (in samples containing
antibodies to ruminant pestiviruses) and positives were
low. Former studies with these vaccines were conducted
with the Ceditest CSFV-Erns ELISA, a precursor of the
PrioCHECK Erns ELISA, which is no longer available (20,
22, 25). A lack of sensitivity was also described for this
ELISA (13, 28).
The E2-ELISAs are potential DIVA tests for the chimeric
pestivirus constructs that contain antigenic domains of the
E2 protein of ruminant pestiviruses (pRiems_ABCgif, Flc9
and CP7E2_gif). After vaccination with these constructs
and subsequent CSFV challenge infection, the Chekit E2
ELISA showed the highest percentage of correctly
identified positives. Compared with the Erns ELISAs, the E2
ELISAs showed, in general, higher percentages of correctly
identified negatives for samples containing antibodies to
ruminant pestiviruses (see above). However, for all the E2ELISAs tested, cross-reactivity was observed with
antibodies directed against BDV-E2 Gifhorn in samples
obtained 71 days after vaccination with pRiems_ABCgif.
Even though the ELISAs showed a higher selectivity when
testing additional samples from animals vaccinated with
pRiems_ABCgif and CP7_E2gif, the use of the E2-ELISAs
tested as DIVA ELISAs for chimeric pestiviruses with E2
proteins of BDV-strain Gifhorn is questionable. Studies by
Wehrle et al. (31) and an inter-laboratory evaluation within
the framework of an EU project (CSF vaccine and wild
boar, A. Meindl-B&ouml;hmer, personal communication) also
showed increasing ELISA values, until they scored positive
after a longer period post vaccination with pRiems_ABCgif.
However, it must be noted that CP7_E2gif and
pRiems_ABCgif contain different parts of the BDV Gifhorn
E2 protein. Further analyses are necessary to validate the
E2-ELISAs for these chimeric vaccine candidates, and to
determine their suitability for testing on a herd level and in
individual animals.
The commercially available E2-ELISAs Chekit E2 and
HerdChek E2 proved to be sensitive tests, with the Chekit
E2 slightly more sensitive and the HerdChek E2 more
specific. Furthermore, both tests showed good
practicability and reproducibility, making them currently
the most promising DIVA ELISA candidates for marker
vaccines containing the E2 protein of BVDV.
The Erns ELISA Chekit Erns achieved a percentage of
correctly identified positives that was comparable to the
two E2-ELISAs mentioned above. The reproducibility of
this test was also good. It can be used as a possible DIVA
ELISA for E2 subunit vaccines. However, it must be
remembered that this test is not specific for CSFV and that
it will therefore not be an appropriate DIVA test for
chimeric vaccines that contain the Erns of a ruminant
pestivirus.
1007
Rev. sci. tech. Off. int. Epiz., 31 (3)
The PrioCHECK Erns ELISA is the only test suitable for use
as a DIVA ELISA for the chimeric pestivirus vaccines
CP7_E2alf and FLc11. Nevertheless, it was shown that this
test has low sensitivity and selectivity and it therefore
cannot be recommended in its current version. Further
studies are planned within an EU project (CSFV_goDIVA)
to provide more data regarding the safety and efficacy of
the CP7_E2alf vaccine for market authorisation. In this
context additional information on the accompanying
ELISA will be provided.
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&Eacute;valuation des &eacute;preuves de d&eacute;tection des anticorps dirig&eacute;s contre
le virus de la peste porcine classique et plus particuli&egrave;rement
de leur int&eacute;gration potentielle dans une strat&eacute;gie DIVA
(diff&eacute;renciation des animaux infect&eacute;s et des animaux vaccin&eacute;s)
S. Schroeder, T. von Rosen, S. Blome, W. Loeffen, A. Haegeman,
F. Koenen &amp; &Aring;. Uttenthal
R&eacute;sum&eacute;
Les auteurs pr&eacute;sentent les r&eacute;sultats d’une &eacute;tude conduite en vue d’&eacute;valuer les
caract&eacute;ristiques g&eacute;n&eacute;rales de plusieurs &eacute;preuves immuno-enzymatiques (ELISA)
disponibles dans le commerce pour la d&eacute;tection des anticorps dirig&eacute;s contre le
virus de la peste porcine classique et de d&eacute;terminer le potentiel de ces &eacute;preuves
en tant que tests marqueurs compagnons dans une strat&eacute;gie DIVA (diff&eacute;rencier
les animaux infect&eacute;s des animaux vaccin&eacute;s).
Les &eacute;preuves les plus sensibles &eacute;taient les tests Chekit* CSF-Sero et HerdChek*
CSFV Ab pour la d&eacute;tection des anticorps dirig&eacute;s contre la prot&eacute;ine E2 du virus de
la peste porcine classique. Elles &eacute;taient d’une r&eacute;alisation ais&eacute;e et affichaient un
bon taux de reproductibilit&eacute;. L’&eacute;preuve Chekit* CSF-Marker, une ELISA utilisant
les prot&eacute;ines Erns, a fait preuve d’une sensibilit&eacute; comparable. En revanche, ce
dernier test ne permettait pas de diff&eacute;rencier les anticorps dirig&eacute;s contre les
pestivirus de ruminants de ceux dirig&eacute;s contre le virus de la peste porcine
classique. Par cons&eacute;quent, il n’&eacute;tait pas adapt&eacute; pour accompagner les vaccins
marqu&eacute;s chim&eacute;riques utilis&eacute;s dans l’&eacute;tude.
L’&eacute;preuve PrioCHECK&reg; CSFV Erns &eacute;tait la seule ELISA adapt&eacute;e &agrave; une strat&eacute;gie
DIVA avec des vaccins marqu&eacute;s contenant des prot&eacute;ines Erns de pestivirus de
ruminants. N&eacute;anmoins, cette &eacute;preuve pr&eacute;sentant une sensibilit&eacute; et une
sp&eacute;cificit&eacute; moindres que les ELISA-E2, son utilisation n’est pas recommand&eacute;e.
Mots-cl&eacute;s
Diff&eacute;renciation des animaux infect&eacute;s et des animaux vaccin&eacute;s – DIVA – &Eacute;preuve ELISA
de d&eacute;tection des anticorps – Peste porcine classique – Sensibilit&eacute; – Sp&eacute;cificit&eacute; – Test
marqueur.
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Evaluaci&oacute;n de las pruebas de detecci&oacute;n de anticuerpos
contra el virus de la peste porcina cl&aacute;sica, poniendo el acento
en la discriminaci&oacute;n entre animales infectados y vacunados
S. Schroeder, T. von Rosen, S. Blome, W. Loeffen, A. Haegeman,
F. Koenen &amp; &Aring;. Uttenthal
Resumen
Los autores describen un estudio destinado a evaluar las caracter&iacute;sticas
generales de los ensayos inmunoenzim&aacute;ticos (ELISA) disponibles en el mercado
para detectar anticuerpos contra la peste porcina cl&aacute;sica (PPC), y a valorar
adem&aacute;s su posible uso como prueba marcadora complementaria para distinguir
entre animales infectados y vacunados.
La mayor sensibilidad la ofrecieron dos pruebas de detecci&oacute;n de anticuerpos
contra la prote&iacute;na E2 del virus de la PPC: la Chekit* CSF-Sero y la HerdChek* CSFV
Ab. Ambas eran practicables y ofrec&iacute;an un buen nivel de reproductibilidad.
Parecida sensibilidad se obtuvo con la prueba Chekit* CSF-Marker, que es un
ELISA de detecci&oacute;n de prote&iacute;nas Erns. Pero esta t&eacute;cnica no permite distinguir
entre anticuerpos contra pestivirus de rumiantes y anticuerpos contra el virus de
la PPC, por lo que su uso no es compatible con el de las eventuales vacunas
marcadoras quim&eacute;ricas ensayadas.
La prueba PrioCHECK&reg; CSFV Erns result&oacute; ser el &uacute;nico ELISA adecuado para
discriminar entre animales infectados y animales inmunizados con vacunas
marcadoras que contienen prote&iacute;nas Erns de pestivirus de rumiantes. Esta
prueba, sin embargo, result&oacute; menos sensible y selectiva que los ELISA-E2, por lo
que no cabe recomendarla.
Palabras clave
Discriminaci&oacute;n entre animales infectados y vacunados – ELISA de detecci&oacute;n de
anticuerpos – Especificidad – Peste porcina cl&aacute;sica – Prueba marcadora – Sensibilidad.
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