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Abstract. The development of the humoral immune response against porcine reproductive and respiratory
syndrome (PRRS) virus was monitored by an indirect fluorescent antibody (IFA) test, immunoperoxidase
monolayer assay (IPMA), enzyme-linked immunosorbent assay (ELISA), and serum virus neutralization (SVN)
test over a 105-day period in 8 pigs experimentally infected with ATCC strain VR-2402. Specific antibodies
against PRRS virus were first detected by the IFA test, IPMA, ELISA, and the SVN test 9-11, 5-9, 9-13, and
9-28 days postinoculation (PI), respectively, and reached their maximum values by 4-5, 5-6, 4-6, and 10-11
weeks PI, respectively, thereafter. After reaching maximum value, all assays showed a decline in antibody levels.
Assuming a constant rate of antibody decay, it was estimated by regression analysis that the ELISA, IFA, IPMA,
and SVN antibody titers would approach the lower limits of detection by approximately days 137, 158, 324,
and 356 PI, respectively. In this study, the immunoperoxidase monolayer assay appeared to offer slightly better
performance relative to the IFA test, ELISA, and SVN test in terms of earlier detection and slower rate of
decline in antibody titers. Western immunoblot analysis revealed that antibody specific for the 15-kD viral
protein was present in all pigs by 7 days PI and persisted throughout the 105-day observation period. Initial
detection of antibodies to the 19-, 23-, and 26-kD proteins varied among pigs, ranging from 9 to 35 days PI.
Thereafter, the antibody responses to these 3 viral proteins of PRRS virus continued to be detected throughout
the 105-day study period. These results clearly indicate that the 15-kD protein is the most immunogenic of the
4 viral proteins identified and may provide the antigenic basis for the development of improved diagnostic tests
for the detection of PRRS virus antibodies.

Porcine reproductive and respiratory syndrome
(PRRS) is a relatively new viral disease of swine. In
1987, PRRS was reported as a new, devastating disease
of swine in the United States (Keffaber KK: 1989, Am
Assoc Swine Pract Newsl 1[2]:1-9). It continues to be
an economically significant health problem in swine-
producing regions throughout the world because of
losses from respiratory disease in neonates and nursery
pigs and reproductive losses in breeding stock.5,8 In
response to the economic importance of PRRS, a sig-
nificant research effort has been mounted to develop
reliable diagnostic tests and effective vaccines.

An enveloped RNA virus was identified as the caus-

From the Department of Microbiology, Immunology and Pre-
ventive Medicine (Yoon, Rhinehart, Platt), and the Veterinary Di-
agnostic Laboratory (Zimmerman, Swenson, Hill), College of Vet-
erinary Medicine, Iowa State University, Ames, IA 50011, the Na-
tional Veterinary Services Laboratories, USDA, APHIS, VS, Ames,
IA 50010 (Eernisse, Frey), and Bayer Corporation, Agriculture Di-
vision, Animal Health Products, Shawnee Mission, KS 66201
(McGinley, Brevik).

Received for publication August 17, 1994.

ative agent for PRRS and provisionally assigned to the
genus Arterivirus of the family Togaviridae on the basis
of morphological and biological characteristics, ge-
nomic organization, and the strategy of gene expres-
sion.4,6,10,16,17 Although genomic sequence analysis has
suggested that the virus may contain as many as 6
structural proteins,6,10 only 3 structural proteins with
molecular masses of approximately 15, 19, and 26 kD
have been consistently demonstrated (Benfield D, Har-
ris L, Nelson E, et al.: 1992, Am Assoc Swine Pract
Newsl 4[4]: 19-21).12 The functions of these proteins
have not been completely determined, but current ev-
idence indicates that the 15-kD protein is a nucleo-
capsid protein, whereas the 19- and 26-kD proteins
are presumed to be components of the viral envelope
(Benfield D, Harris L, Nelson E, et al.: 1992, Am Assoc
Swine Pract Newsl 4[4]: 19-21.6,10 The immunobio-
logical roles of the viral proteins have not been char-
acterized, although researchers have speculated that
the 26-kD protein may be associated with induction
of serum neutralizing antibodies against PRRS virus
(Choi CS, Gustafson KV, Baustista EM, et al.: 1993,
Abstr Conf Res Workers Anim Dis #P69).
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The indirect fluorescent antibody (IFA) test,18 serum
virus neutralization (SVN) test,4,11 immunoperoxidase
monolayer assay (IPMA), 17 and enzyme-linked im-
munosorbent assay (ELISA)1 have been described for
the detection of specific antibodies against PRRS virus.
Currently, most North American veterinary diagnostic
laboratories are using the IFA test and/or the SVN test
to detect PRRS virus-specific antibodies, whereas Eu-
ropean laboratories have relied on the IPMA using
PRRS virus-infected porcine alveolar macrophages
(PAM).5,20 The recent licensure of a commercial ELISA
kita will probably change this picture.

The IFA test and IPMA are thought to be highly
specific and sensitive tests.17,18 Antibodies to PRRS
virus are usually detected by these tests between 7 and
15 days after infection. Both the IFA test and the IPMA
appear to be accurate for 2-3 months after infection
but may lose their ability to detect antibodies against
PRRS virus as soon as 3-6 months after exposure to
PRRS virus (Frey M, Eernisse K, Landgraf J, et al.:
1992, Am Assoc Swine Pract Newsl 4[4]:31; Ohlinger
V, Haas B, Sallmüller A, et al.: 1992, Am Assoc Swine
Pract Newsl 4[4]:24).15

The ELISA format is also reported to be sensitive
and specific.1 In one study, PRRS virus-specific anti-
bodies could be detected by ELISA as early as 10 days
after exposure.2 The performance of the commercial
ELISA has not yet been reported.

The SVN test is also considered to be a specific test,
but previous studies have suggested that the SVN test
is less sensitive than the IFA test and the IPMA.4,5,11

Neutralizing antibodies against PRRS virus may de-
velop as late as 1-2 months after infection (Frey M,
Eernisse K, Landgraf J, et al.: 1992, Am Assoc Swine
Pract Newsl 4[4]:31). 11,15 However, a recent report in-
dicated that the sensitivity of the SVN test could be
increased by adding fresh normal swine serum to se-
rum being assayed.19

The following study was conducted to characterize
the ontogeny of humoral immune response of pigs to
PRRS virus and to compare the performance of the
IFA test, IPMA, ELISA, and SVN test using sera col-
lected from a homogeneous group of pigs over a 10%
day period following nasal inoculation with the ISU-P
PRRS virus isolate (ATCC VR-2402). The viral pro-
tein specificity of the antibody response of these pigs
was determined by western immunoblotting.

Materials and methods

Experimental design. Eight 5-6-wk-old crossbred pigs were
obtained from a PRRS-virus-free herd. Pigs were numbered
and randomly assigned to 2 separately housed groups of 4
pigs each. All pigs were intranasally inoculated with 104.5

TCID50 of PRRS virus. Serum samples were collected from
each pig prior to inoculation, every other day during the first

15 days postinoculation (PI), and weekly thereafter through
day 105. All serum samples were aliquoted and stored at
-20 C until assayed for PRRS virus-specific antibodies by
the IFA test, IPMA, ELISA, and SVN test. Aliquots of each
serum sample were stored at -70 C until assayed for the
presence of virus. Prior to performing the serological tests,
serum samples were randomized and renumbered. Results
from the serological assays were compared by curvilinear
regression.14

The viral protein specificity of the antibody response was
determined by western immunoblotting in 7 pigs using the
same serum samples described above. Pigs were selected for
the assay based on the time that neutralizing antibodies were
first detected, i.e., early responders (3 pigs), in which neu-
tralizing antibodies appeared on days 9 or 11, and late re-
sponders (4 pigs), in which neutralizing antibodies were first
detected on days 21 or 28 PI. Serum virus neutralizing an-
tibody was not detected in 1 of the 8 pigs until day 15 PI,
which prevented its classification as an early or late respond-
er. Consequently, sera from this pig were not assayed by
western immunoblotting.

Virus. A cytopathic field isolate of the PRRS virus, des-
ignated ISU-P (ATCC VR-2402), was used in the study. The
virus was originally isolated from pigs in a herd undergoing
an acute outbreak of PRRS using virus-free PAM. The isolate
was purified by limiting dilution in PAM culture and was
plaque cloned twice in MA104 cells. The virus reproduced
clinical disease compatible with PRRS in experimentally in-
fected pigs and was recognized by PRRS-virus-specific
monoclonal antibody SDOW17 and polyclonal swine serum
raised against PRRS virus ATCC VR-2332. In addition, elec-
tron microscopy and western immunoblotting revealed a
morphological structure and protein composition similar to
that reported by other investigators (Pol J, Wagenaar F: 1992,
Am Assoc Swine Pract Newsl 4[4]:29).4

Virus isolation. Serum samples were diluted 1:5 in RPMI-
1640 mediuma supplemented with 10% fetal bovine serum
(FBS),a 10 mM HEPES,b and an antibiotic-antimycotic mix-
ture (100 U/ml penicillin, 100 µg/ml streptomycin, 50 µg/
ml gentamicin, and 0.25 µg/ml amphotericin B).b Diluted
samples (0.2 ml) were inoculated onto 24-hr-old PAM cul-
tures prepared in 48-well plates.c The inoculated cells were
incubated at 37 C and observed for the cytopathic effect
(CPE) typical of the virus for up to 7 days PI. The presence
of PRRS virus in the cultures showing CPE was confirmed
by subinoculation onto MA104 cell monolayers prepared on
&chambered glass slides,d incubation for 48 hr, and staining
with PRRS virus fluorescent monoclonal antibody conjugate
(SDOW17).e A sample was considered negative after 2 blind
passages in PAM.

Indirect fluorescent antibody test. The IFA test was per-
formed using a protocol developed at the National Veterinary
Services Laboratories, Ames, IA (Frey M, Eernisse K, Land-
graf J, et al.: 1992, Am Assoc Swine Pract Newsl 4[4]:31).
The MA104 cells were placed in 8-chambered glass slides
and incubated in Dulbecco’s modified Eagle’s medium
(DMEM)b supplemented with 10% FBS and the antibiotic-
antimycotic mixture for 48-72 hr at 37 C in a humidified
5% CO2 atmosphere. PRRS-virus-infected MA104 cell
monolayers were prepared by inoculating culture medium
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with sufficient PRRS virus to produce 15-20 plaque forming
units. Cultures were incubated for 20 hr at 37 C. The mono-
layers were then fixed by immersion in 100% acetone for 10
min, air dried, and stored at - 70 C until used. Viral-antigen-
free cell controls were prepared in an identical manner using
uninfected MA104 cells. Sera to be tested were serially di-
luted 2-fold in 0.01 M phosphate-buffered saline (PBS, pH
7.2), beginning with 1:20 dilution. Individual chambers were
inoculated with 50 µl of each serum dilution and incubated
at 37 C for 30 min in a humid environment. The preparations
were then washed 3 times for 10 min each with PBS. Antigen-
antibody reactions were visualized by reacting potential an-
tigen-antibody complexes with optimally diluted goat anti-
swine IgG conjugated with fluorescein isothiocyanatef for 30
min at 37 C in a humid environment. Indirect fluorescent
antibody titers were recorded as the reciprocal of the highest
serum dilution in which typical cytoplasmic fluorescence was
observed.

Immunoperoxidase monolayer assay. PRRS-virus-in-
fected MA104 cell monolayers were prepared in 96-well mi-
crotitration platesg by replacing DMEM supplemented with
10% FBS, 10 mM HEPES, and the antibiotic-antimycotic
mixture on confluent 1-day-old monolayers with the medium
(50 µl/well) containing 102 TCID50 of virus. After 1 hr of
incubation at 37 C, 100 µl of the medium was added to
individual wells. Microtitration plates containing both in-
fected and uninfected (control) cell monolayers were main-
tained at 37 C for 2 days, fixed with cold acetone : methanol
(70:30) for 10 min, and stored at -20 C until used. Serum
samples were serially diluted 2-fold in 0.1 M Tris-HCl buffer
(pH 7.6) beginning at 1:20. Immediately prior to use, fixed
cell monolayers were treated with commercially supplied pre-
diluted normal goat serumf for 30 min at ambient temper-
ature to block nonspecific binding sites. Subsequently, du-
plicate 50-µl aliquots of each serum dilution were added to
individual wells. The preparations were then incubated at 37
C for 30 min and washed 3 times with Tris-HCl buffer.
Antigen-antibody reactions were visualized with a biotin-
streptavidin horseradish peroxidase system13 using the pro-
tocol provided by the manufacturer. Fifty microliters of bio-
tinylated goat anti-swine IgG conjugatef were added to in-
dividual wells and permitted to react with potential anti-
body-antigen complexes for 30 min at 37 C in a humidified
chamber. The plates were washed as described above, and
excess buffer was removed. Fifty microliters of streptavidin
conjugated to peroxidasef was then added to individual wells
and incubated at ambient temperature for 30 min. The plates
were washed as described above, and antigen-antibody re-
actions were visualized by adding 100 µl of DAB (diamino-
benzidine tetrachloride) substratef to individual wells and
incubating for 5-10 min at ambient temperature. The color
reaction was stopped by washing with distilled deionized
water 3 times. Immunoperoxidase monolayer assay antibody
titers were recorded as the reciprocal of the highest serum
dilution in which a specific color reaction was observed.

Enzyme-linked immunosorbent assay. The ELISA was
performed using a commercial kit (HerdChek®:PRRS)a as
directed by the manufacturer. All reagents necessary for per-
forming the assay were provided with the kit, and the assay
was conducted at ambient temperature. Serum samples were

diluted 1:40 in a sample diluent. One hundred microliters of
each diluted sample was added to duplicate wells coated with
proprietary PRRS viral antigen or normal cell antigen. Ref-
erence positive and negative pig sera, prediluted by the man-
ufacturer, were also included in each plate. The plates con-
taining reference and test sera were incubated for 30 min
then washed 3-5 times with a phosphate-buffered wash so-
lution containing Tween (300 µl/well). Excess wash solutions
were removed, and 100 µl of anti-porcine IgG conjugated
with horseradish peroxidase was added into each well. After
a 30-min incubation, the conjugate was removed and the
plates were rinsed as described above. Potential antigen-
antibody reactions were visualized by adding 100 µl of TMB
(3,3',5,5'-tetramethylbenzidine) substrate solution and in-
cubating for 15 min. Color reactions were then stopped by
adding 100 µl of a stop solution containing hydrofluoric acid
into each well. Optical density (OD) of each well was mea-
sured at 630 nm wavelength using a computerized microplate
reader. The presence or absence of antibody to PRRS was
determined by calculating the sample to positive (S/P) ratio:

control antigen)

and control antigen).

Samples were considered to be positive for PRRS virus an-
tibody if the S/P ratio was greater than 0.4.

Serum virus neutralization test. The SVN test was per-
formed in 96-well microtitration plates using MA104 cells.
Serum samples were heat inactivated at 56 C for 40 min
prior to performing the test and serially diluted 2-fold in
DMEM supplemented with 10% FBS, 10 mM HEPES, and
the antibiotic-antimycotic mixture. Each dilution of serum
was mixed with an equal volume of PRRS virus containing
102 TCID50/0.1 ml and incubated at 37 C for 60 min. Two
hundred microliters of each mixture was added to a micro-
titration plate well containing 24-hr-old confluent MA 104
cell monolayers and incubated at 37 C. Monolayers were
observed at the end of 5 days, and antibody titers were ex-
pressed as the reciprocal of the highest serum dilution in
which no CPE was observed. Each sample was run in trip-
licate.

Preparation of PRRS virus antigens for the western im-
munoblot assay. Confluent MA104 cell monolayers were
infected with PRRS virus at a concentration of 104 TCID50/
75-cm2 flask and incubated for 3-4 days at 37 C. Virus-
infected cells were harvested and pelleted by centrifugation
at 1,000 x g for 10 min. The cell pellet was resuspended and
disrupted in a lysis buffer (pH 8.0; 0.05 M Tris, 0.15 M NaCl,
0.002 M ethylenediaminetetraacetic acid [EDTA], 0.5% de-
oxycholate, 0.1% sodium dodecyl sulfate [SDS], 1% NP-40,
0.1% sodium azide, 0.1% gelatin, 0.1% bovine serum albu-
min) at a rate of 1 ml buffer/0.1 ml cell pellet. The lysis buffer
also contained protease inhibitors as described previously.9

The suspension was stirred overnight at 4 C and then cen-
trifuged at 600 x g for 10 min. The supematant was saved
as crude viral antigen, aliquoted, and stored at -70 C. Con-
trol antigen was prepared in the same manner using unin-
fected MA 104 cells.

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
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Table 1. Serum antibody response* of 8 pigs measured by the indirect fluorescent antibody (IFA) test, the immunoperoxidase monolayer
assay (IPMA), the enzyme-linked immunosorbent assay (ELISA), and the serum virus neutralization (SVN) test after intranasal inoculation
with PRRS virus isolate ISU-P.

* Number of pigs positive by each test.
† Identical responses from samples collected at 7-day intervals from 28 to 98 days PI.
‡ Presence or absence of specific antibodies was determined by calculating the sample-to-positive (S/P) ratio of optical densities at 1:40

dilution of samples.

(SDS-PAGE). A modified Laemmli procedure7 was used to
separate proteins on a discontinuous slab gel (70 x 80 x
0.75 mm) consisting of a 5% stacking gel and a 14% resolving
gel, cross-linked with bis-acrylamide at a ratio of 30:0.8.
Proteins were solubilized in sample buffer (pH 6.8) contain-
ing 0.0625 M Tris, 2% SDS, 5% 2-mercaptoethanol, 0.05%
bromophenol blue, and 10% glycerol at 100 C for 5 min. Ten
microliters of each denatured sample (20 µg proteins) and 5
µl of prestained SDS-PAGE molecular standardsh were load-
ed in alternate lanes on the gel. The molecular standard con-
tained 6 proteins with molecular masses of approximately
43, 29, 18, 14.3, 6.2, and 3 kD. Electrophoresis was carried
out using a vertical minigel apparatusi as directed by the
manufacturer. All gels were electrophoresed at 100 V (Model
1000/500 power supply)i until samples reached the stacking/
separating gel interface. Sample separation was then com-
pleted by electrophoresis at a constant voltage of 200 V until
the dye front reached 0.5 cm from the bottom. This migration
limit was imposed on all separations in an attempt to stan-
dardize protein migration patterns.

Electrophoretic transfer of proteins. A minitransblot elec-
trophoretic transfer celli was used following the recommend-
ed procedure of the manufacturer. Viral and cellular proteins,
along with the standard molecular markers separated in gels,
were electrophoretically transferred to 0.45-µm nitrocellulose
membranesi immediately following SDS-PAGE. Transfer was
carried out at 4 C for 60 min at 250 mA in transfer buffer
(pH 8.3) consisting of 25 mM Tris, 192 mM glycine, and
20% (v/v) methanol.

Western immunoblot assay. Nitrocellulose membranes
containing viral and control cellular antigens were blocked
overnight at 4 C with 1% gelatin dissolved in Tris-buffered
saline (TBS, pH 7.5) containing 500 mM NaCl and 20 mM
Tris. The membranes were then washed for 10-15 min in
gently agitating TBS and cut into strips containing viral and
cellular antigens and molecular standards. Pig serum samples
and reference sera were diluted 1:10 and 1:50 in TBS con-
taining 0.05% Tween 20 (TTBS) and 1% gelatin. The source
of the positive reference serum was serum collected from
3-mo-old pig approximately 55 days after it had been ex-
perimentally infected with PRRS virus isolate ISU-P by nasal
inoculation. Normal reference serum was collected from an
age-matched pig free of PRRS virus infection. Each diluted
serum sample was added to a single membrane strip and

incubated for 2 hr at 37 C in a humidified chamber. Following
incubation, the membranes were washed 3 times in gently
agitating TTBS for 5 min. Antigen-antibody reactions were
visualized with optimally diluted goat anti-swine IgG (H +
L) labeled with horseradish peroxidase and TMB membrane
peroxidase substrate.f The color reaction was stopped by 3
brief washes in deionized water. Appearance of virus-specific
reactivity was assessed by comparing the antibody responses
to viral and to cellular antigens. Approximate molecular
masses antigens identified were determined by comparison
with the protein standards using linear regression.

Results

All pigs inoculated with PRRS virus remained clin-
ically normal over the course of the study. Viremia
was first detected 3-5 days PI and persisted through
days 9-15 PI. The antibody response over time, as
indicated by the IFA test, IPMA, ELISA, and the SVN
test, is summarized in Table 1 and Fig. 1.

PRRS virus specific antibodies were first detected
by the IFA test on day 9 PI in 4 of 8 pigs. The remaining
4 pigs seroconverted by day 11. The IFA titers rose to
≥ 640 by 28 days PI in all pigs and then began to
decline. Antibody titers in 2 of 8 pigs had fallen below
detectable limits by day 105 PI and ranged from 40 to
160 in the remaining 6 pigs.

Specific antibodies were first detected by the IPMA
on day 5 PI in 4 of 8 pigs. The remaining 4 pigs ser-
oconverted by day 9 PI. The IPMA antibody titers
ranged from 640 to ≥ 1,280 between 28 and 42 days
PI. Thereafter, IPMA titers declined slowly, as com-
pared with the IFA titers, ranging from 40 to ≥ 1,280
on day 105 PI.

Antibodies specific for PRRS virus were first de-
tected by the ELISA on day 9 in 3 of 8 pigs. Four more
pigs seroconverted on day 11 PI and the remaining pig
seroconverted on day 13 PI. Based on the S/P ratio,
ELISA antibody titers rose to maximum value (2.0-
3.0 S/P ratio) by 28-42 days PI and then began to
decline. All 8 pigs remained seropositive through day
105 PI, and the S/P ratios ranged between 0.8 and 1.4.
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Figure 1. Antibody responses of 8 pigs to PRRS virus infection by the indirect fluorescent antibody test (A), the immunoperoxidase
monolayer assay (B), the serum virus neutralization test (C), and the enzyme-linked immunosorbent assay (D). The line on each graph
represents curve fitting, and dots show distribution of serologic responses.

The SVN antibodies were slow to appear relative to
antibodies detected by the other three tests. Neutral-
izing antibodies were first detected in 1 pig on day 9,
2 pigs on day 11, and a fourth pig on day 15 PI. The
remaining 4 pigs seroconverted by day 28 PI. Neu-
tralizing antibody titers rose slowly for 63-77 days PI
in 6 pigs and then began to decline. However, SVN
antibodies in 2 of 8 pigs continued to rise through day
105 PI. Maximum SVN antibody titers ranged from
64 to ≥ 256 during the 105-day study period. On day
105 PI, neutralizing antibody titers ranged from 8 to
≥ 256. Assuming a constant rate of antibody decay
from peak levels, ELISA, IFA, IPMA, and SVN an-

tibody titers were estimated by regression analysis to
drop below the detectable limits of the tests at ap-
proximately 137, 158, 324, and 356 days PI, respec-
tively.

Western immunoblot analysis of early and late neu-
tralizing antibody responders is summarized in Table
2 and Fig. 2. Four PRRS viral proteins with molecular
masses of approximately 15, 19, 23, and 26 kD were
consistently identified by western immunoblot (Fig. 2).
Antibodies specific for the 15-kD protein were first
detected in all 3 early responder pigs on day 5 PI. In
contrast, antibodies to the 19-, 23-, and 26-kD proteins
first appeared at 11-15, 15, and 9-11 days PI, respec-
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Figure 2. Representative western immunoblot analysis of the
antibody response of pigs to PRRS virus infection using pooled sera
from 3 early SVN responders, in which neutralizing antibodies were
first detected between 9 and 11 days PI, and 4 late SVN responders,
in which neutralizing antibodies were initially detected between 21
and 28 days PI. Lane 1: positive reference serum on viral antigen;
lane 2: positive reference serum on control antigen; lane 3: early and
late responders prior to infection; lane 4: early responders on day 7
PI; lane 5: early responders on day 15 PI; lane 6: late responders on
day 7 PI; lane 7: late responders on day 15 PI; lane 8: late responders
on day 28 PI.

tively. Following their initial detection, antibodies
against specific viral proteins were present through the
remainder of the study.

No response to viral protein was detected in the 4
late responders until day 7 PI. Antibody to the 15-kD
protein was detected in all 4 pigs on day 7 PI. Antibody
specific for the 26-kD protein was first detected at 15-
28 days PI. Antibodies specific for the 19- and 23-kD
proteins appeared at 21-28 and 28-42 days PI, re-
spectively. As in the early responders, antibodies against
specific viral proteins persisted until the end of the
study following their initial detection.

Table 3. Chronology* of PRRS viremia, SVN activity, and an-
tibodies specific for viral proteins in 7 pigs.

Viremia, initial detection of neutralizing antibody,
and first appearance of antibodies against each PRRS
viral protein are given in Table 3 for individual pigs.
Viremia was first detected in all early responders on
day 3 PI and all late responders on day 5 PI. The mean
duration of viremia in early responders was 10.3 days
PI, in contrast to 14.0 days PI in late responders. The
mean onset of neutralizing antibody in early respond-
ers was 10.3 days PI versus 24.5 days PI in late re-
sponders. The mean onset of antibodies to the 15-,
19-, 23-, and 26-kD viral proteins as determined by
western immunoblot was 5.0, 12.3, 15.0, and 10.3 days
PI, respectively, in early responders and 7.0, 24.5, 33.3,
and 19.8 days PI, respectively, in the late responders.

Discussion

The objective of this study was to characterize the
ontogeny of the humoral immune response in pigs to
PRRS virus infection. The antibody response was
monitored using 4 serological tests routinely used to
detect PRRS-virus-specific antibodies (IFA test, IPMA,
ELISA, SVN test). The viral antigen specificity of the

Table 2. Appearance of PRRS virus protein-specific antibodies* in early SVN responders versus late SVN responders as determined
by western immunoblot analysis.

* Number of pigs with detectable antibody against each viral protein.
† Identical responses from samples collected at 7-day intervals from 42 to 98 days PI.
‡ SVN response first detected on day 9 or 11 postinoculation (n = 3).
§ SVN response first detected on day 21 or 28 postinoculation (n = 4).
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antibody response was further characterized by west-
ern immunoblot analysis.

PRRS virus specific antibodies were first detected
5-9 (IPMA), 9-11 (IFA), 9-13 (ELISA), and 9-28 (SVN)
days PI and, assuming a constant antibody decay rate,
were predicted to decline to the lower limits of detec-
tion by approximately 137 (ELISA), 158 (IFA), 324
(IPMA), and 356 (SVN) days PI. The initial antibody
responses of pigs to PRRS virus infection as revealed
by the 4 tests (IFA, IPMA, ELISA, SVN) evaluated in
this study are in general agreement with the findings
of other investigators, who reported that PRRS virus
specific antibodies were initially detected by the IFA
test, IPMA, and ELISA 7-10 days PI in contrast to
detection by the SVN test at days 28-35 PI (Frey M,
Eernisse K, Landgraf J, et al.: 1992, Am Assoc Swine
Pract Newsl 4[4]:31; Ohlinger V, Haas B, Sallmüller
A, et al.: 1992, Am Assoc Swine Pract Newsl 4[4]:
24).2,11,15,17,18 The results suggest marked differences in
the kinetics involved in the 4 tests. The IPMA ap-
peared to provide the best overall performance based
on its ability to detect antibodies in both early and late
infections and the relatively short turn-around time of
the test. However, sensitivity and specificity compar-
isons must be carried out before concluding which is
actually the best test. The antibody response of the
experimentally infected pigs as detected by the 4 se-
rological tests may have been different if the pigs were
infected at an earlier or later age, were of a different
genetic background, or were infected with a different
PRRS virus isolate.

PRRS virus consists of at least 3 structural proteins
with molecular masses of approximately 15, 19, and
26 kD (Benfield D, Harris L, Nelson E, et al.: 1992,
Am Assoc Swine Pract Newsl 4[4]: 19-21).12 In our
study, we consistently detected 15-, 19-, 23-, and 26-
kD viral proteins by western immunoblot (Fig. 2). In-
vestigators recently described the detection of 15-, 16-,
19-, 22-, and 26-kD proteins by radioimmunoprecip-
itation.3 The detection of an additional protein (16 kD)
is consistent with genomic studies of the PRRS virus,
indicating that as many as 6 structural proteins may
be encoded by the viral genome.6,10 The failure in our
study to detect the 16-kD protein may have been due
to conformational changes of this protein brought about
by the reducing conditions that the viral preparation
was subjected to during processing for western im-
munoblotting.

In the current study, antibodies specific for the 15-
kD protein were detected in all pigs by day 7 PI and
persisted through day 105 PI (Table 2). Antibodies to
the remaining 3 proteins (19, 23, 26 kD) were not
detected until 15 days PI in any early SVN-antibody-
producing pigs. Antibodies to these 3 proteins were not
detected in any late SVN-antibody-producing pigs un-

til day 42 PI. These results clearly indicate that the 15-
kD protein is the most immunogenic of the PRRS virus
structural proteins and may provide the antigenic basis
for the development of improved diagnostic tests for
the detection of PRRS virus specific antibodies.

The data summarized in Tables 2 and 3 also indicate
that the 26-kD protein is associated with the induction
of neutralizing activity. This conclusion is based on
the fact that no SVN activity was detected in any of
the 4 late responding pigs until after antibodies to the
26-kD protein were present. The data also indicate that
the 15-kD protein is not associated with neutralizing
activity; antibody to this protein was present in 4 of 8
pigs for 14-21 days prior to the initial detection of
neutralizing antibody. The potential role that antibod-
ies specific for the 19- and 23-kD proteins may play
in viral neutralization requires further study.

Acknowledgements

We thank Billie F. Harris for technical assistance. This
study was supported in part by funding from Bayer Corpo-
ration (Shawnee Mission, KS), and the Iowa Livestock Health
Advisory Council.

1.

2.

3.

4.

5.

6.

7.

Sources and manufacturers

IDEXX Laboratories, Westbrook, ME.
Sigma Chemical Co., St. Louis, MO.
Costar Corp., Cambridge, MA.
Nunc, Naperville, IL.
Dr. David Benfield, South Dakota State University, Brookings,
SD.
Kirkegaard and Perry Laboratories, Gaithersburg, MD.
Coming, Coming, NY.
GIBCO BRL Life Technologies, Gaithersburg, MD.
Bio-Rad Laboratories, Richmond, CA.

References

Albina E, Leforban Y, Baron T, et al.: 1992, An enzyme-linked
immunosorbent assay (ELISA) for the detection of antibodies
to the porcine reproductive and respiratory syndrome (PRRS)
virus. Ann Rech Vet 23: 167-176.
Albina E, Madec F, Cariolet R, Torrison J: 1994, Immune
response and persistence of the porcine reproductive and re-
spiratory syndrome virus in infected pigs and farm units. Vet
Rec 134:567-573.
Benfield D, Nelson E, Christopher-Hennings J: 1994, Porcine
reproductive and respiratory syndrome (PRRS) viral proteins
and antigenic variation. Proc Congr IPVS 13:62.
Benfield DA, Nelson E, Collins JE, et al.: 1992, Characteriza-
tion of swine infertility and respiratory syndrome (SIRS) virus
(isolate ATCC VR-2332). J Vet Diagn Invest 4: 127-133.
Christianson WT, Joo HS: 1994, Porcine reproductive and
respiratory syndrome: a review. Swine Health Prod 2: 10-28.
Conzelmann ISIS, Visser N, Van Woensel, Thiel HJ: 1993,
Molecular characterization of porcine reproductive and respi-
ratory syndrome virus, a member of the arterivirus group. Vi-
rology 193:329-339.
Laemmli UK: 1970, Cleavage of structural proteins during the
assembly of the head of bacteriophage T4. Nature (London)
227:680-685.

 at PENNSYLVANIA STATE UNIV on October 6, 2016vdi.sagepub.comDownloaded from 

http://vdi.sagepub.com/


312 Yoon et al.

8. Loula T: 1991, Mystery pig disease. Agri-Practice 12:23-34.
9. McGinley MJ, Todd DL, Hill HT, Platt KB: 1992, Detection

of pseudorabies virus infection in subunit-vaccinated and non-
vaccinated pigs using a nucleocapsid-based enzyme-linked im-
munosorbent assay. J Vet Diagn Invest 4:164-169.

10. Meulenberg JJM, Hulst MM, de Meijer EJ, et al.: 1993, Le-
lystad virus, the causative agent of porcine epidemic abortion
and respiratory syndrome (PEARS), is related to LDV and EAV.
Virology 192:62-72.

11. Morrison RB, Collins JE, Harris L, et al.: 1992, Serologic ev-
idence incriminating a recently isolated virus (ATCC VR-2332)
as the cause of swine infertility and respiratory syndrome (SIRS).
J Vet Diagn Invest 4: 186-188.

12. Nelson EA, Christopher-Hennings J, Drew T, et al.: 1993, Dif-
ferentiation of U.S. and European isolates of porcine reproduc-
tive and respiratory syndrome virus by monoclonal antibodies.
J Clin Microbiol 31:3184-3189.

13. Shi ZR, Itzkowitz SH, Kim YS: 1988, A comparison of three
immunoperoxidase techniques for antigen detection in colorec-
tal carcinoma tissues. J Histochem Cytochem 36:317-322.

14. Snedecor GW: 1962, Curviliner regression. In: Statistical meth-
ods, ed. Snedecor GW, Cochran WG, 5th ed., pp. 447-472.
Iowa State University Press, Ames, IA.

15. Van Alstine WG, Stevenson GW, Kanitz CL: 1993, Diagnosis
of porcine reproductive and respiratory syndrome. Swine Health
Prod 1:24-28.

16. Wensvoort G, de Kluyver EP, Pol JMA, et al.: 1992, Lelystad
virus, the cause of porcine epidemic abortion and respiratory
syndrome: a review of mystery swine disease research at Lelys-
tad. Vet Microbiol 33:185-193.

17. Wensvoort G, Terpstra C, Pol JMA, et al.: 1991, Mystery swine
disease in The Netherlands: the isolation of Lelystad virus. Vet
Q 13:121-130.

18. Yoon IJ, Joo HS, Christianson WT, et al.: 1992, An indirect
fluorescent antibody test for the detection of antibody to swine
infertility and respiratory syndrome virus in swine sera. J Vet
Diagn Invest 4:144-147.

19. Yoon IJ, Joo HS, Goyal SM, Molitor TW: 1994, A modified
serum neutralization test for the detection of antibody to porcine
reproductive and respiratory syndrome virus in swine sera. J
Vet Diagn Invest 6:289-292.

20. Zimmerman J: 1993, An overview of porcine reproductive and
respiratory syndrome (PRRS). Proc Annu Meet Iowa Vet Med
Assoc 11:75-86.

 at PENNSYLVANIA STATE UNIV on October 6, 2016vdi.sagepub.comDownloaded from 

http://vdi.sagepub.com/

