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Abstract
Background: The aim of the study was to evaluate the performance of different newly developed and/or commercially
available ELISAs for detection of PRRSV specific antibodies. Consequently, ten PRRSV negative piglets (group V)
were vaccinated with a PRRSV type 2 vaccine. Blood samples were taken before as well as seven, 21 and 42 days after
vaccination. At day 42 after vaccination (day 0 of the study) all of the piglets from group V and 10 non-prevaccinated
PRRSV negative piglets (group N) were challenged with an HP PRRSV type 2 field strain. Blood samples were
taken before and at days 3, 7, 10, 14, 21 and 28 after challenge. The success of vaccination and challenge
was measured with RT qPCR. All serum samples were tested with six ELISAs for detection of PRRSV antibodies. Three
of them are nucleocapsid-based, two use a glycoprotein extract and one uses inactivated whole virus as antigen. The
specificity of the ELISAs was evaluated using 301 serum samples of piglets from PRRSV negative herds.
Results: The piglets from group V tested positive by RT qPCR at day 7 after vaccination and all piglets tested positive
at day 3 after challenge. PRRSV specific antibodies were seen with all nucleocapsid-based ELISAs from day 21 after
vaccination onwards in group V and from day 10 after challenge in group N. The glycoprotein-based ELISAs detected
antibodies from day 42 after vaccination (group V) and day 21 after challenge (group N). The agreement according to
kappa-coefficient was almost perfect. The glycoprotein-based ELISAs were able to distinguish PRRSV type 2, although
with some cross reactions. Regarding specificity, the ELISAs performed differently (specificity between 97.4 % and
100 %), whereas most of the ELISAs with higher sensitivity had a slightly lower specificity.
Conclusions: All tested ELISA were able to detect PRRSV antibodies in the serum of pigs vaccinated with
a PRRSV type 2 vaccine and after challenge with an HP PRRSV type 2 field strain. The onset on antibody
detection differed, depending on the type of antigen used in the ELISAs. Most of the ELISAs with a higher
sensitivity had a lower specificity.
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Background
Detection of antibodies (Ab) against porcine reproductive
and respiratory syndrome virus (PRRSV) is, in addition to
a number of different established PCR methods [1, 2], one
important tool for the monitoring and surveillance of
PRRSV in pig farms [3, 4]. In addition to the cost-effective,
simple and rapid analysis by ELISA, alternative methods,
such as serum neutralization test, immunofluorescence
assay or Western blot are used for special indications
[3, 5–7]. In recent years, several ELISAs for detection
of Ab against PRRSV in pig serum have been developed
[7–9], some of them with the intention of making them
commercially available. Some ELISAs, however, have been
on the market for many years and have been continuously
adapted and improved. Studies have been published validating and comparing some of them [10–12]. The IDEXX
PRRS X3 Ab test (IDEXX, Westbrook, USA) is usually
used as the gold standard for comparison [8, 9, 13]. According to the manufacturer, this ELISA has a specificity
of 99.9 % and a sensitivity of 98.8 %. Most of the ELISAs
are able to detect Ab against PRRSV type 1 and type 2
[14]. However, some have been described as able to distinguish between PRRSV types [5, 7, 13]. The ELISAs presently used in routine analysis are usually based on the
PRRSV nucleocapsid protein as antigen [15]. For some
indications, ELISAs based on the non-structural proteins
(Nsp) 7 or 9, the membrane glycoprotein 5 (Gp5) and recombinant antigens have been designed [8, 9, 16–18].
Most of them are not commercially available.
Some studies are available that give data about the
onset of antibody development after vaccination with
inactivated PRRSV vaccine or live attenuated vaccine as
well as after challenge, measured by different methods
[6, 8, 13]. At this point, no data are available regarding
how newly developed ELISAs that already are or will in
the near future become commercially available, perform
after vaccination with a live attenuated PRRSV type 2 vaccine and the challenge of pigs with highly pathogenic (HP)
PRRSV. Furthermore, the scientific community lacks data
about the onset of Ab detection after infection with HP
PRRSV while using some of the ELISAs that have been
commercially available for many years.
The objective of the study was to test the performance
of different commercial and newly developed ELISAs for
the detection of Ab against PRRSV in the serum of pigs
vaccinated with a newly developed PRRSV type 2 attenuated live vaccine, and/or challenged with an HP PRRSV
field strain. Serum samples of PRRSV negative pigs were
analysed to evaluate the specificity of the ELISAs.
Results
Molecular analysis

At the beginning of the study, all of the serum samples
of the piglets from groups V and N tested negative in
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PRRSV RT qPCR. On days 7 (first sampling time) and
21 after vaccination (days −35 and −21 of the study), all
of the piglets of group V tested positive in PRRSV RT
qPCR. All of the piglets from both groups developed a
PRRS viremia, detected from day 3 after the challenge
with HP PRRSV onwards.
Detection of PRRSV Ab by ELISA

Serum samples of all piglets from groups V and N were
PRRSV Ab negative in all of the tested ELISAs on day −42
(the start of the study). Figure 1 gives an overview of the
S/P or OD values of each ELISA during the whole study.
The number of seropositive samples on each sampling day
tested with all ELISAs is given in Table 1. On day −21 of
the study (21 days after vaccination), a seroconversion was
observed in all piglets from group V, measured with the
INgezim and the QIAGEN ELISA. One sample tested with
the IDEXX ELISA was still PRRSV Ab negative at this
point. The same sample, as well as another one, also tested
negative with the AJ ELISA. These negative samples were
just below the cut-off of the ELISAs. The first seroconversion in group N was observed on day 10 after challenge.
The S/P value of all positive samples measured with the
INgezim were significantly (P < 0.01) higher than in the
other ELISAs, although the cut-off with the INgezim is
the same as with IDEXX and QIAGEN.
A later onset of Ab detection was observed with the
HIPRA A/S compared to the other ELISAs. On day −21,
only one sample from group V was weakly positive. On
day 0, however, all of the piglets from group V were
seropositive and remained so until the end of the study.
The same phenomenon was seen in group N with seroconversion on day 21 after challenge, measured with the
HIPRA A/S. Some positive results were found with the
HIPRA E/S throughout the study, especially in cases
with high S/P values detected by the HIPRA A/S.
Several correlations were observed between the S/P
or OD values of all study ELISAs (Table 2). Figure 2
shows the correlation between the IDEXX and INgezim,
QIAGEN and AJ ELISA results over all sampling points
and the correlation between INgezim and QIAGEN
ELISA which was especially high. Both HIPRA ELISAs
correlated on several time points with correlation coefficients up to 0.64. The agreement between the ELISAs,
measured with kappa coefficient (κ), and the correlation of the positive/negative results can be seen in
Table 3. An almost perfect agreement was found between IDEXX, INgezim, QIAGEN and AJ ELISAs. The
agreement between HIPRA A/S and AJ ELISA was
almost perfect as well. The HIPRA A/S agreed substantially (κ between 0.6 and 0.8) or less than substantially
with the other ELISAs (not shown in the table). The
agreement (κ) of the HIPRA E/S with the other ELISAs
was mostly less than 0.2.
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Fig. 1 Boxplots of S/P values, respectively OD values of all PRRSV Ab ELISAs tested. Vaccinated group: vaccination with a PRRSV live vaccine at
day −42 (see arrow), both groups: challenge with an HP PRRSV field strain at day 0 (see arrows), red lines: cut-off of the ELISAs

Table 1 Results of PRRSV Ab ELISAs at the sampling points, number of positive animals
Study day

−42

−35

−21

0

3

7

10

14

21

28

Group V

n = 10

n = 10

n = 10

n = 10

n = 10

n = 10

n = 10

n = 10

n = 10

n = 10

IDEXX

0

0

9

10

9

10

10

10

9

9

INgezim

0

0

10

10

10

10

10

10

10

10

HIPRA A/S

0

0

1

10

10

10

10

10

10

10

HIPRA E/S

0

0

0

0

1

1

3

3

1

3

QIAGEN

0

0

10

10

10

10

10

10

10

10

AJ

0

0

8

10

10

10

10

10

10

10

Group N

n = 10

n = 10

n = 10

n = 10

n = 10

n = 10

n = 10

n = 10

n = 10

n = 10

IDEXX

n.d.

n.d.

n.d.

0

0

0

6

10

10

10

INgezim

n.d.

n.d.

n.d.

0

0

0

10

10

10

10

HIPRA A/S

n.d.

n.d.

n.d.

0

0

0

0

0

8

10

HIPRA E/S

n.d.

n.d.

n.d.

0

0

0

0

0

1

1

QIAGEN

n.d.

n.d.

n.d.

0

0

0

7

10

10

10

AJ

n.d.

n.d.

n.d.

0

0

0

0

8

10

10

Group V: vaccination with a PRRSV live vaccine at day −42
Groups V and N: challenge with an HP PRRSV field strain at day 0
n.d.: not done
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Table 2 Correlations between the S/P or OD values of the
PRRSV Ab ELISAs tested using the correlation coefficient after
Spearman
IDEXX
INgezim
HIPRA A/S
HIPRA E/S
QIAGEN

INgezim

HIPRA A/S

HIPRA E/S

QIAGEN

AJ

0.84

0.73

0.71

0.89

0.85

0.75

0.65

0.92

0.79

0.62

0.73

0.87

0.73

0.75
0.84

Table 4 shows the results of the PRRSV negative samples and the calculated specificity of the ELISAs. The
false-positive results of the QIAGEN ELISA had S/P
values between 0.40 and 0.55; most were only slightly
above the cut-off. The false-positive samples measured
with the HIPRA A/S were between 22 % and 37 % of the
positive control. No false-positive results were observed
with the AJ.

Discussion
The performance of several newly developed and commercially available ELISAs for detection of PRRSV Ab was
tested in this study using well-defined serum samples of

PRRSV type 2 vaccinated, HP PRRSV type 2 challenged
and negative pigs.
ELISAs that were coated with a similar antigen performed identically. With the nucleocapsid-based ELISAs
IDEXX, INgezim and QIAGEN, a seroconversion was
detected beginning on day 10 after the challenge with a
HP PRRSV type 2 field strain. Antibodies against the nucleocapsid can be detected by the end of the second
week after infection, but are not neutralizing [14]. No
studies have been published regarding the newly developed INgezim and QIAGEN until now. Both ELISAs
showed a higher sensitivity than the IDEXX by detecting
all serum samples as positive at day 21 after vaccination
and from day 10 after challenge onwards. In a recently
published study, the sensitivity of the IDEXX ELISA was
stated at 80 % in the field samples tested, compared to
the immunoperoxidase monolayer assay (IPMA) [15].
This is in contrast to other studies which stated a sensitivity of the IDEXX ELISA of 100 % in serum samples
21 days after PRRSV inoculation [5] and of 91.5 % in
field samples [7].
The specificity of the QIAGEN ELISA was, at 98.1 %,
lower than the IDEXX which had a 100 % specificity as
has been published previously [5, 7, 12], respectively a
99.9 % specificity, according to the manufacturer. The

Fig. 2 Scatterplot indicating the correlation between S/P values of study ELISAs. a IDEXX and INgezim ELISA, (b) IDEXX and QIAGEN ELISA,
(c) IDEXX and AJ ELISA, (d) INgezim and QIAGEN ELISA. Green line: line of best fit; red lines: cut-off of the ELISAs
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Table 3 Agreement and correlation between the results of the
PRRSV Ab ELISAs tested
IDEXX
Positive Negative Sum
INgezim Positive

112

Negative 0
QIAGEN Positive

110

Negative 2
AJ

Positive

103

Negative 9
Sum

112

8

120

50

50

6

116

52

54

3

106

55

64

58

170

Agreement
(κ)

Correlation
coefficient

0.89

0.90

0.89

0.90

0.85

0.85

0.80

0.81

0.85

0.85

0.95

0.95

0.82

0.83

AJ
HIPRA

Positive

89

Negative 17
QIAGEN Positive

105

Negative 1
Sum

106

0

89

64

81

11

116

53

54

64

170

INgezim
QIAGEN Positive

116

Negative 4
AJ

Positive

106

Negative 14
Sum

120

0

116

50

54

0

106

50

64

50

170

Results of groups V and N included, Correlation coefficient after
Spearman given

specificity of the INgezim ELISA was with 99.0 % between these two ELISAs [12]. Compared to the specificity of 92.3 % of a former version of this ELISA
(INgezim PRRS Universal kit, Ingenasa), the INgezim
ELISA used in our study has been improved considerably [11]. According to another study, specificities of
83 % and 77 % were found in field samples for the
IDEXX ELISA and the INgezim PRRS Universal, respectively, compared to the IPMA [15]. The agreement
between the IDEXX, INgezim and QIAGEN ELISAs was
almost perfect, according to κ [19].
The AJ ELISA which is based on an inactivated virus
performed almost similarly. A later onset of antibody detection with eight out of ten positive samples at day 21
after vaccination in group V and at day 14 after challenge in group N was seen, possibly depending on the
Table 4 Specificity of three of the tested study ELISAs for
detection of PRRSV antibodies
QIAGEN

Positive

Negative

Total

Specificity

6

304

310

98.1 %

AJ

0

278

278

100 %

HIPRA A/S

5

330

335

98.5 %

Results of group S, group V at day −42 and group N at day 0 included

fact that this first version of the assay allowed IgG antibody response detection only. After seroconversion, all
samples remained positive until the end of the study,
testifying a high sensitivity of this ELISA.
The antigens used in the HIPRA ELISAs contain, a
glycoprotein rich extraction of the virus, according to
the manufacturer. The major envelope proteins of the
PRRSV are the GP5 and the M protein [20]. A conformational epitope of GP5 induces the production of neutralizing Ab that can be detected at the earliest four
weeks after infection [14, 21]. This could be one reason
for the late onset of Ab detection in the HIPRA ELISAs
as was assumed to be the case in another study also conducted with this ELISA [17]. On the other hand, the
duration of Ab against glycoproteins detectable by
ELISA is proven to be much longer than in nucleocapsid
based ELISAs [22]. When tested with the HIPRA ELISA,
100 % of the pigs were still Ab positive up to 100 days
post vaccination [17]. We were not able to verify this in
our study, since Ab were only tested for until 28 days
after challenge or 42 days after vaccination, respectively.
Differences between the ELISAs regarding sensitivity
and specificity in field samples have been explained by
the dissimilar characteristics of the antigens used [18].
The slightly delayed onset of PRRSV Ab detection measured by the AJ ELISA is probably caused by this fact as
well. The specificity of the AJ ELISA was at 100 % higher
than that of the HIPRA A/S at 98.5 % and similar to the
IDEXX ELISA.
The agreement of the HIPRA E/S results with the
other ELISAs is low because of its exclusive detection of
PRRSV type 1 Ab that were not developed in the study
pigs. Despite this exclusive detection of Ab against
PRRSV type 1, some positive samples were found with
the HIPRA E/S in this study after vaccination and/or
challenge with PRRSV type 2. Cross-reactions between
both types could explain these reactions. According to
the manufacturer, a distinction between both genotypes
can be made, if the S/P value of the ELISA in question
(HIPRA A/S or E/S) is less than 30 % of the other. In
our study, S/P values of 12 of the 14 samples found to
be positive with the HIPRA E/S were less than 30 % of
the S/P values of the HIPRA A/S. Therefore, these samples could be declared as PRRSV type 2 Ab positive. The
other two positive samples were at 32 % and therefore
only slightly above the limit calculated by the manufacturer. Some other unspecific cross reactions are possible.

Conclusions
As a conclusion it can be said that all of the ELISAs
tested were able to detect PRRSV specific Ab after vaccination with a PRRSV type 2 vaccine and/or challenge
with an HP PRRSV type 2 field strain, although with differing levels of sensitivity and specificity. The onset of
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Ab detection by the ELISAs differed, depending on the
antigen component used. This must be considered when
choosing the ELISA. IDEXX and AJ ELISAs distinguish
themselves with a particularly high specificity, the INgezim and QIAGEN ELISAs stand out with a high sensitivity. The HIPRA ELISAs were able to distinguish PRRSV
type 2 related antibodies, although with some limitations
caused by cross reactions.

Methods
Study design, animals and serum samples

Twenty piglets from a PRRSV free farm were included in
the study. Ten of those piglets (group V) were injected
with 2 ml of an attenuated PRRSV type 2 vaccine with the
commercial name “Kyoto Biken” PIGWIN PRRSV2 (Kyoto
Biken, Kyoto, Japan) at the age of three weeks. The highest
ORF5 sequence identity of the Kyoto Biken vaccine to
published sequences was observed for the Kyoto 93
strain (GenBank: AB175724). The ten piglets of group
N remained unvaccinated. At the age of ten weeks,
all 20 study piglets received an intranasal challenge of 2 ml
of an HP PRRSV field strain (Vietnam_PRRSV_AGES/
568-30FC/13; GenBank accession number KM588915).
Serum samples were taken from piglets of group 1 before,
seven and 21 days after vaccination and additionally in all
20 study piglets before and at days three, seven, ten, 14, 21
and 28 after challenge. Housing, animal care and experimental protocol of both trials were approved by the local
ethics committee (Agency of the Government in Lower
Austria, Department of Agrarian Law).
Additionally, serum samples from 301 pigs aged between seven month and three years from four continuously monitored PRRSV negative boar studs from
Germany and from one German and one Austrian pig
breeding farm (all belonging to PRRSV category IV according to Holtkamp et al. [23]) were tested (group S).
The serum samples of these pigs were obtained during routine monitoring. In the farms from which the
samples of group S were derived, the > PRRSV PCR
and ELISA routinely performed did not produce any
positive results.
Detection of PRRSV-RNA by real-time RT-PCR

All serum samples of groups V and N were tested for the
presence of PRRSV RNA by real-time RT-PCR. The RNA
extraction was performed using the Freedom EVO® 150
(Tecan, Grödig, Austria) automated platform, and the
Nucleospin® 96 Virus and the Nucleospin® Virus Core kits
(Macherey-Nagel, GenXpress, Wiener Neudorf, Austria)
following the manufacturers’ instructions. The samples
were then analysed with a commercial real-time RT-PCR
assay for simultaneous detection and differentiation between PRRSV type 1 and type 2 genotypes (TaqMan® NA
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and EU PRRSV Reagents and Controls, ThermoFisher
Scientific, Vienna, Austria) as described previously [12].
Detection of PRRSV antibodies by ELISA

All of the serum samples from groups V and N were
tested for antibodies against PRRSV by the following
indirect ELISAs: a) IDEXX PRRS X3 Ab ELISA – in
the following called IDEXX, b) INgezim PRRS 2.0
(Ingenasa, Madrid, Spain) – INgezim, c) Civtest suis
PRRS A/S plus (Laboratorios HIPRA, Amer, Spain) –
HIPRA A/S, d) Civtest suis PRRS E/S plus (Laboratorios
HIPRA) – HIPRA E/S, e) pigtype® PRRSV Ab (QIAGEN,
Leipzig, Germany) – QIAGEN and f) PRRSV CHECK
ELISA (Analytik Jena, aj Roboscreen, Leipzig, Germany) –
AJ. All ELISAs tested are commercially available.
In order to determine the specificity, all 301 serum samples of group S were tested with the HIPRA A/S ELISA,
276 of them with the QIAGEN ELISA and 244 of them
with the AJ ELISA. Specificity data for the other tested
ELISAs, determined with the same sample panel, were
published previously [12].
The IDEXX, INgezim and QIAGEN ELISAs are based
on the nucleocapsid as antigen [15]. The cut-off for
these ELISA was calculated at a sample/positive (S/P)
value of 0.4. The HIPRA ELISAs are coated with a
glycoprotein rich extract as antigen which is produced
by obtaining whole PRRS virus particles with envelope
from a non-cell associated PRRSV culture with subsequent
solubilizing of glycoproteins with detergents, according to
the manufacturer. The cut-off is determined at 20 % of
the positive control OD value. The AJ ELISA is based on
a coating with inactivated virus, according to the manufacturer. Samples with OD values > 0.5 measured with the AJ
ELISA were defined as positive. To be valid, the OD value
of the positive control had to be > 1.0 and the OD value of
the negative control must be < 0.25. All ELISAs were performed according to manufacturers’ instructions.
Statistical analysis

The results of the ELISAs measured in the serum samples
of group V and N were described as positive and negative
for PRRSV antibodies. Additionally, the median, quartiles
and 95 % confidence interval of S/P or OD values for each
sampling point were evaluated and pictured in boxplots.
The correlation coefficient after Spearman was used to
test for correlations between the S/P or OD values of the
ELISAs and for correlation of the positive and negative results. The agreement between the ELISAs was calculated
with the kappa coefficient (κ) using the results of groups
V and N and interpreted according to Landis and Koch
[19]. The specificity of the ELISAs was determined using
the pre-study samples from group V (before vaccination)
and group N (before challenge) and all of the samples
from group S.

Sattler et al. Porcine Health Management (2015) 1:19

Competing interests
All authors declare that no competing interests exist.
Authors’ contributions
TS: Study design, performance of ELISAs, statistical analysis, drafting of the
manuscript. JP: Acquisition of data, participating in study coordination and
design. EW: Acquisition of data, participating in study design. FS: Conceived
of the study, study coordination and design. All authors read and approved
the final manuscript.
Acknowledgements
The authors wish to thank the teams from the departments of Virology/
Electron Microscopy and Molecular Biology of the Institute of Veterinary
Disease Control, AGES Mödling. Furthermore, we thank Ingenasa, Analytik
Jena - aj Roboscreen, HIPRA and QIAGEN for providing the ELISA kits used
in this study.
Received: 24 August 2015 Accepted: 5 December 2015

References
1. Wernike K, Bonilauri P, Dauber M, Errington J, LeBlanc N, Revilla-Fernández
S, et al. Porcine reproductive and respiratory syndrome virus: Interlaboratory
ring trial to evaluate real-time reverse transcription polymerase chain
reaction detection methods. J Vet Diagn Invest. 2012;24:855–66.
2. Gerber PF, O'Neill K, Owolodun O, Wang C, Harmon K, Zhang J, et al.
Comparison of commercial real-time reverse transcription-PCR assays for reliable,
early, and rapid detection of heterologous strains of porcine reproductive and
respiratory syndrome virus in experimentally infected or noninfected boars by
use of different sample types. J Clin Microbiol. 2013;5:547–56.
3. Böttcher J, Alex M, Janowetz B, Müller S, Schuh C, Niemeyer H. The
PRRSV-serumneutralization test detects gaps in herd immunity. Berl
Munch Tierarztl Wschr. 2014;127:305–13.
4. Düngelhoef A, Lösken S, Grosse Beilage E. Antibody reaction in immunologically
naïve replacement gilts vaccinated with an attenuated PRRSV live vaccine.
Tierarztl Prax. 2014;42(G):95–9.
5. Gerber PF, Gimenez-Lirola LG, Halbur PG, Zhou L, Meng XJ, Oppriessnig T.
Comparison of commercial enzyme-linked immunosorbent assays and
fluorescent microbead immunoassays for detection of antibodies against
porcine reproductive and respiratory syndrome virus in boars. J Virol Meth.
2014;197:63–6.
6. Dotti S, Villa R, Sossi E, Guadagnini G, Salvini F, Ferrari M, et al. Comparative
evaluation of PRRS virus infection in vaccinated and naïve pigs. Res Vet Sci.
2011;90:218–25.
7. Chu JQ, Hu XM, Kim MC, Park CS, Jun MH. Development and validation of a
recombinant nucleocapsid protein-based ELISA for detection of antibody to
porcine reproductive and respiratory syndrome virus. J Microbiol. 2009;47:
682–588.
8. Cong Y, Huang Z, Sun Y, Ran W, Zhu L, Yang G, et al. Development and
application of a blocking enzyme-linked immunosorbent assay (ELISA) to
differentiate antibodies against live and inactivated porcine reproductive
and respiratory syndrome virus. Virol. 2013;444:310–6.
9. Chen C, Fan W, Jia X, Li J, Bi Y, Liu W. Development of a recombinant
N-Gp5c fusion protein-based ELISA for detection of antibodies to porcine
reproductive and respiratory syndrome virus. J Virol Meth. 2013;189:213–20.
10. Sylvia F, Doolitle K, Mondaca E, Polson D, Holck T. Performance comparison
of the new IDEXX PRRS X3 ELISA with the current 2XR ELISA. Jeju, Korea:
Proceedings of the 22nd International Pig Veterinary Society Congress;
2012. p. 324.
11. Sipos W, Lang C, Minani A, Fischer L, Ritzmann M, Schmoll F. Comparison
of two commercial ELISA systems for the detection of PRRSV-specific
antibodies with a gold standard ELISA. Wien Tierärztl Mschr - Vet Med
Austria. 2009;96:28–33.
12. Sattler T, Wodak E, Revilla-Fernández S, Schmoll F. Comparison of different
commercial ELISAs for detection of antibodies against porcine respiratory
and reproductive syndrome virus in serum. BMC Vet Res. 2014;10:300.
13. Díaz I, Venteo Á, Rebollo B, Martín-Valls GE, Simon-Grifé M, Sanz A, et al.
Comparison of two commercial enzyme linked immunosorbent assays for
the diagnosis of porcine reproductive and respiratory syndrome virus
infection. J Vet Diagn Invest. 2012;24:344–8.

Page 7 of 7

14. Faaberg KS, Hocker JD, Erdman MM, Harris DLH, Nelson EA, Torremorell M,
et al. Neutralizing antibody response of pigs infected with natural GP5
N-Glycan mutants of porcine reproductive and respiratory syndrome virus.
Viral Immunol. 2006;19:294–304.
15. Karniychuk UU, Nauwynck JH. Performance of assays for testing antibodies
against porcine reproductive and respiratory syndrome virus in sera collected
from swine farms in a region with an extreme virus heterogeneity. Acta Vet
Beograd. 2014;64:44–51.
16. Janková J, Celer V. Expression and serological reactivity of Nsp7 protein of
PRRS genotype I virus. Res Vet Sci. 2012;93:1537–42.
17. León G, Fuentes JM, Rebordosa-Trigueros X, Porquet-Garanto L. Monitoring
a PRRSV vaccinal sero-conversion by using two different commercial ELISA
tests. Two sides of the same coin. Madrid, Spain: Proceedings of the 14th
International Symposium of the World Association of Veterinary laboratory
Diagnosticians (WAVLD); 2009. p. 195.
18. Pyo H, Seo J, Suh G, Kim K, Lee J, Kim T. Serodiagnosis of porcine reproductive
and respiratory syndrome virus infection with the use of glycoprotein 5
antigens. Can J Vet Res. 2010;74:223–7.
19. Landis JR, Koch GG. An application of hierarchical kappa-type statistics in the
assessment of majority agreement among multiple observers. Biometrics. 1977;
33:363–74.
20. Snider EJ, Kikkert M, Fang Y. Arterivirus molecular biology and pathogenesis.
J Gen Virol. 2013;94:2141–63.
21. Fan B, Liu X, Bai J, Zhang T, Zhang Q, Jiang P. The amino acid residues at
102 and 104 in GP5 of porcine reproductive and respiratory syndrome virus
regulate viral neutralization susceptibility to the porcine serum neutralizing
antibody. Virus Res. 2015;204:21–30.
22. Plagemann PGW. The primary GP5 neutralization epitope of North American
isolates of porcine reproductive and respiratory syndrome virus. Vet Immunol
Immunopathol. 2004;102:263–75.
23. Holtkamp DJ, Polson DD, Torremorell M, Morrison B, Classen DM, Becton L,
et al. Terminology for classifying swine herds by porcine reproductive and
respiratory syndrome virus status. J Swine Health Prod. 2011;19:44–56.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

