
Head at the University of Nevada at Reno. As Dean, Dr. 
Thawley had a strong commitment to outreach at the 
College and saw the Leman Conference as a great oppor
tunity to help the swine industry. He encouraged faculty 
in their efforts to build a quality program each year and 
provided the staff to support a conference of this size. He 
will be remembered for his commitment to the growth 
and success of the Allen D. Leman Swine Conference. 

Regardless of all the efforts previously mentioned, you 
the individuals who attend the Leman Conference, are 
the most important reason for success. Without your pres
ence, there would be no need for this meeting. Your com
mitment to your education brings you here. You have chal
lenged yourself and others to be better. We want to meet 
that challenge. 

Thank you for attending the 1998 Allen D. Leman Swine 
Conference. Please feel free to suggest ideas to improve 
future conferences. 

- Charles H. Casey, DVM 
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Introduction 
Porcine Reproductive and Respiratory Syndrome (PRRS) 
is a disease that has had a significant economic effect the 
swine industry. Moreover, the recently described highly 
acute forms of the disease have raised important concerns 
about the character of these infections and about the like
lihood of their control by the currently available vaccines. 

The significance of PRRS was enhanced with the emer
gence, in the falI of 1996, of unusualIy severe forms of 
this disease characterized by extensive reproductive fail
ure. These severe forms of the disease occurred in farms 
that, for the most part, had records of previous exposure 
to the virus and had initiated, at some point in time, vac
cination programs against PRRS. Cases of unusually se
vere reproductive failure (also known as "atypical PRRS") 
have been observed in several parts of the Midwest and 
North Carolina. 

Diverse interpretations were postulated to explain this 
sudden recrudescence ofPRRS, such as: changes in man
agement that resulted in a lack of homogeneity in obtain
ing immunity at the herd level; extensive antigenic drift 
or sudden mutations that might have led to the occurrence 
of mutants that escaped the immunologic control conferred 
by regular vaccines; or changes in the genetics of the host, 
etc. Early in January 1997, the National Pork Producers 
Council (NPPC) caIled a summit meeting of researchers 
and practitioners to assess the basic questions that would 
be considered essential to explain these recrudescentforrns 
of the disease. One recommendation produced at that 
meeting was that, as important as it was to ascertain the 
origin and character of these new forms of the disease, it 
was also imperative to know if the current vaccines are 
effective against these new strains. The NPPC then es
tablished an emergency program to support research ori
ented to study the important points identified at that sum
mit. Among others, the NPPC funded the project reported 
here. 

This project focused on determining the efficacy of three 
commerciaIly available PRRS vaccines to protect against 
reproductive failure induced by a virulent PRRSV strain 
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that was isolated from a case of "atypical PRRSV." This 
study included three different vaccines (those com mer
cialIy available as of July 1997): two federally-licensed 
modified live PRRS vaccines and one autogenous vac
cine made with a PRRSV strain isolated from one repre
sentative case of the "atypical PRRS." In this paper we 
report the results of one such trial. 

Procedures 

Field PRRSV sample used for challenge and 
homologous autogenous vaccine 
manufacture 
A highly virulent PRRSV isolate (obtained from Dr. W. 
Mengeling, National Animal Disease Center, Ames, Iowa) 
was used at a low (second) passage in MARC-14S celIs, 
post-recovery from infected tissues. The strain had been 
isolated in southeast Iowa in December 1996 from a case 
of "atypical PRRSV." This isolate is here referred to as 
PRRSV IA 1-4-2. 

Vaccines used 
Three products were cQmpared: 

Product A consisted of an autogenous vaccine pre
pared by a biologics company that specializes in au
togenous PRRS virus vaccines. For the preparation 
of Product A, a sample of strain PRRSV IA 1-4-2, 
with no more than two passages in cells MARC-145 
since isolation from infectious filed sample, was pro
vided to the manufacturer. As reported by the manu
facturer, the preparation of Product A involved propa
gation in MARC-145 (for (5 passages), chemical in
activation, and formulation of the vaccine by the ad
dition of a proprietary adjuvant. The product fulfilled 
the safety standard tests stipulated by USDA, as per
formed by the manufacturer according to routine pro
cedures. Product A was prepared within the month 
prior to its administration to the animals in this ex
periment. The vaccination dose used was 2 ml, ap
plied intramuscularly. 
Product B consisted of a federally-licensed modified
live virus vaccine that was released to the U.S. mar
ket in 1996.The dose used for immunization with 

1998 Allen D. Leman Swine Conference 



PRRSV: Comparison of commercial vaccines in their ability to induce protection against current PRRSVstrains of high virulence 

Product B was 2 ml, applied intramuscularly. The 
expiration date of the Product B series used in this 
experiment was February 25, 1998. 
Product C consisted of a federally-licensed modified 
live virus vaccine originally released to the U.S. mar
ket in mid-1994 only for use in pigs against the respi
ratory form of PRRSV and subsequently reformulated 
to enable its use in breeding stock to prevent the re
productive form of the disease. Product C is the MLV 
PRRSV vaccine most commonly used in the U.S. The 
dose used for immunization with Product C was 2ml, 
applied intramuscularly. The expiration date of the 
Product C series used in this experiment was Febru
ary 28, 1998. 

Trial design 
Figure. General design of vaccination/challenge 

experiment 
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Mixed breed gilts were obtained from a single PRRSV
free farm. As the MLV products to be tested are not pre
scribed to be used on pregnant animals, it was essential 
to establish the treatment groups prior to insemination. A 
large proportion of gilts was then used in each group, with 
the goal of warranting a statistically valid number of preg
nant gilts per group at the time of challenge (90th day of 
gestation). Twelve gilts per vaccine or control group were 
initially vaccinated, with the goal of reaching a target of 
8 pregnant gilts per group at the time of challenge, as is 
illustrated in the following table: 

Grou~ No. of gilts ~er grou~ Treatment Challenge 
1 12'(5)" None Yes 
2 12(3) Product A Yes 

(autogenous, killed) 
3 12 (3) Product B (MLV) Yes 
4 12 (3) Product C (MLV) Yes 
5 4 (3) None No 

(") Number of originally vaccinated gilts, prior to 
insemination. 
("*) Number in parentheses indicates actual number 
of challenged animals/group used in the final 
comparison 
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However, limitations imposed mainly by the number of 
treatment groups being compared and by the inherent re
quirement of performing heat synchronization/detection/ 
insemination procedures within strict bio-isolation facili
ties (i.e., not designed for swine reproductive manage
ment operations) reduced the actual number of pregnant 
gilts used in the comparisons to 3/group. 

The challenge dose used was 106 TCIDso of PRRSV IA-
1-4-2, administered intra-nasally in a 2 ml total volume 
(1 ml in each nostril), a dose that has previously shown to 
be efficacious in reproducing reproductive failure in late 
term gestation sows or gilts2 (Drs. K. Lager and W. 
Mengeling, National Animal Disease Center, USDA.ARS, 
personal communication). 

Serology 
PRRSV specific antibodies were analyzed in gilt sera by 
use of a commercial ELISA (Idexx Labs, Portland, ME) 
and by use of a virus-serum neutralization test using 300 
CCID50 of the virulent,IA 1-4-2 strain as challenge vi
rus, on MARC-145 cells, without addition of C(. 

Cell-mediated immunity evaluation 
The PRRS-specific cell-mediated response of vaccinates 
and controls was measured as the frequency of IFN
gamma producing cells (ELISPOT) upon stimulation with 
homologous PRRSV IA 1-4-2 str. The ELISPOT was 
performed in plastic plates coated with a Mab specific for 
IFN-gamma. Peripheral blood mononuclear cells 
(PBMNC) are stimulated with decreasing concentrations 
of PHA and cultured for 24 hours, plated on coated plas
tic plates. The attached cells are rinsed and reacted with 
HRP-Iabeled goat anti-mouse Ig, and a spot developed 
by adding TMB substrate. The frequency of IFN-gamma
producing cells is calculated based on the ratio of the 
number of spots plotted against the number of PBMNC 
coated per wel1.4 

Clinical assessment 
Upon challenge with PRRSV IA-I-4-2 strain, we mea
sured farrowing performance, perinatal mortality, and pig
let viability. We also determined the viral dissemination 
and viremic load in dams and offspring of each group. 
Piglets were weighed at day 3 and at day 27 of age (wean
ing). Processing (iron dose and tooth trimming) was done 
at day 3 of age. 

Virology 
Viral load titration in serum of challenged gilts and viral 
isolation attempts using piglet tissues were conducted 
using MARC-145 cells. In addition, the PRRSV was de
tected in tissues by in situ hybridization as previously 
described3 and in tissues( lung and lymph nodes) and se
rum using a nested RTIPCR protocol previously described 
by Christopher-Hennings et al.I 
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Table 1. ELISA SIP values of sequential sera from vaccinated and non-vaccinated/challenged control 
animals 

Group 1.0. No. DayO(*) +15(a) 30 +60 +91 (b) +111(c) +118 +122 

I 61 neg neg neg neg neg neg neg 0.725 

I 6 neg neg neg neg 0.737 

I 13 neg neg neg neg neg neg neg 1.185 

I 14 neg neg neg neg neg neg neg neg 

I 15 neg neg neg neg 0.928 

I 19 neg neg neg neg neg neg neg 1.44 

I 21 neg neg neg neg neg neg neg 1.198 

1 27 neg neg neg neg neg neg neg 0.568 

2 17 neg neg neg 0.799 2.147 

2 49 neg neg neg 0.76 0.89 0.748 0.68 2.117 

2 8 neg neg neg neg 0.45 0.665 1.791 1.94 

2 10 neg neg 0.54 0.84 neg neg 1.27 1.795 

2 25 neg neg neg neg neg neg 0.73 1.925 

2 31 neg neg neg neg neg neg neg 1.858 

2 33 neg neg neg 0.641 2.948 

2 64 neg neg neg neg neg neg 0.419 1.863 

3 56 neg neg 0.48 neg neg neg 1.639 1.703 

3 58 neg neg 0.49 0.48 neg neg 1.503 1.885 

3 59 neg neg neg neg neg neg 1.307 1.795 

3 69 neg neg neg 0.51 0.49 0.42 1.922 1.885 

3 70 neg neg 0.7 neg 0.51 0.496 0.911 1.267 

3 77 neg 0.43 0.73 0.43 neg neg 0.425 0.675 

3 16 neg neg neg 0.75 .47 neg 0.752 1.577 

3 20 neg 0.59 0.46 0.49 neg neg 1.65 2.177 

Group 1.0. No. DayO(*) +15(a) 30 +60 +91(b) +111(c) +118 +122 

4 62 neg 0.63 0.76 0.62 neg neg 2.261 2.258 

4 68 neg 0.95 1.51 1.04 0.69 0.518 1.683 2.708 

4 74 neg 1.77 1.52 1.17 0.95 0.728 0.669 1.3 

4 1 neg 1.02 0.78 0.7 3.132 2.736 

4 4 neg 1.05 0.9 0.57 0.61 0.597 3.158 2.849 

4 5 neg 1.22 1.47 1.33 1.08 0.934 2.968 2.46 

4 11 neg 0.78 1.18 0.95 0.63 0.532 1.492 1.84 

4 26 neg 0.5 0.89 0.82 0.6 0.868 2.482 2.552 
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Table 1, cont'd. ELISA SIP values of sequential sera from vaccinated and non-vaccinated/challenged 
control animals 

Gr ID Viability No, live No. live No live Overall Viral ELISA SIP ELiSPOT SN titer at SN titer at 
# at 

piglets piglets piglets It Piglet Load Ratio at IFN-gamma 7 days II days 
at 24 h. It 10 27 dlY. 

Birth days Viability (serum) 7 Challenge Prod. Cells Post- Post-
days PC at Chall. Chall. Chall. 

L D Itreatmnt 

1 61 0 8 0 2/45 10 l.S Neg. 0 <1:2 <1:2 

1 13 4 3 0 10 l.S Neg. 0 <1:2 <1:2 

1 19 2 3 2 2 2 104.3 Neg. 0 <1:2 <1:2 

1 21 2 9 0 104.3 Neg. 0 <1:2 <1:2 

I 27 1 \3 0 IOu Neg. 0 <1:2 <\:2 

2 49 2 7 1 1 I 2/25 10 •. 13 .748 III <1:2 <1:2 

2 10 4 6 2 I I negat Neg. 6 1:8 1 :16 

2 33 0 6 0 IOJ·47 Neg. 85 <1:2 <1:2 

3 59 9 0 9 9 9 12/23 negat Neg. 9 1:4 1:8 

3 69 2 1 1 1 I negat .42 70 <1:2 <1:2 

3 16 4 7 3 2 2 negat Neg. 13 <1:2 <1:2 

4 68 5 0 5 4 4 7117 negat .518 32 1:4 I: 16 

4 5 4 2 4 3 3 negat .934 4 1:4 1:8 

4 26 1 5 1 0 negat .868 4 <1:2 <1:2 

5 3 5 2 5 5 5 15/19 negat Neg. 0 <1:2 <1:2 

5 12 4 0 4 4 4 negat Neg. 0 <1:2 <1:2 

5 57 8 0 8 6 6 negat Neg. 0 <1:2 <1:2 

* First vaccination 
a Second vaccination; b Third vaccination (Group 2 only); c Challenge at 90 days of gestation 

Statistical analysis IA 1-4-2-specific) neutralizing activity after challenge 
ANOVAs were conducted using the Proc GLM SAS are indicated in Table 2. 
program. 

Results 

PRRSV serology 
Table 1 shows the results of ELISA expressed as SIP ra
tios in gilt serum samples collected from the time of first 
vaccination until 11 days post-challenge. No virus-neu
tralizing activity against PRRSV IA 1-4-2 was detected 
in gilt serum samples prior to, or at the time of, chal
lenge. Gilt serum samples containing detectable (PRRSV 
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Cellular immunity 
Figure 1 shows the progression of PRRSV-specific cell
mediated reactivity throughout the period from first vac
cination until the day of the challenge. 

Clinical/serology/virology assessment after 
challenge 
Table 2 shows the rate of piglet viability at birth. I , 10, 
and 27 days of age (weaning time). Detectable SN activi
ties in gilt sera after challenge are also shown (Table 2). 
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Table 2. Clinical assessment of the different groups upon challenge 

Gr ID Viability No. No. No. live Overall Viral ELISA SIP ELI SPOT SN titer at SN titer at live live piglets at 
# at piglets piglets 27 days Piglet Load Ratio at IFN-gamma 7 days 11 days 

Birth al 24 al 10 Viability (serum) 7 Challenge Prod. Cells Post- Post-
Its days 

days PC at Chall. Chall. Chall. 
L D Itreatmnt 

1 61 0 8 0 2/45 10 3.8 Neg. 0 <1:2 <1:2 

1 13 4 3 0 10 3.8 Neg. 0 <1:2 <1:2 

1 19 2 3 2 2 2 104
.3 Neg. 0 <1:2 <1:2 

1 21 2 9 0 104
.
3 Neg. 0 <1:2 <1:2 

1 27 1 13 0 103.3 Neg. 0 <1:2 <1:2 

2 49 2 7 1 1 1 2/25 104
.
13 .748 III <1 :2 <1:2 

2 10 4 6 2 1 1 negat Neg. 6 1 :8 1:16 

2 33 0 6 0 103.47 Neg. 85 <1:2 <1:2 

3 59 9 0 9 9 9 12123 negat Neg. 9 1:4 1:8 

3 69 2 1 1 1 1 negat .42 70 <1:2 <1:2 

3 16 4 7 3 2 2 negat Neg. 13 <1:2 <1:2 

4 68 5 0 5 4 4 7117 negat .518 32 1:4 1 :16 

4 5 4 2 4 3 3 negat .934 4 1:4 1:8 

4 26 1 5 1 0 negat .868 4 <1:2 <1:2 

5 3 5 2 5 5 5 15119 negat Neg. 0 <1 :2 <1:2 

5 12 4 0 4 4 4 negat Neg. 0 <1:2 <1:2 

5 57 8 0 8 6 6 negat Neg. 0 <1:2 <1:2 

The table also includes serology and viral load data at time of challenge or shortly afterwards. 
L = Live piglets at birth 
D = Dead piglets at birth (includes decomposed or "mummies" and stillborns) 
Viral load = Expressed as titers in TCIDsJml of serum 
SN = Serum neutralization titers obtained on the test run using 300 TCIDso of homologous challenge virus 

Secondary or primary serologic response upon challenge 
are shown in Table 1. A statistical analysis of litter viabil
ity at birth and weaning time are shown in Tables 3 and 
4. 

Table 5 shows the infection status of individuals piglets 
born alive in each group, as determined by viral isola
tion, in situ hybridization, and peR. 

Summary/conclusions 
While the overall conclusions may be limited by the num
ber of animals per group, it is safe to state that: 
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• There are significant differences of mean litter viabil
ity (number of pigs aliveltotal number of pigs born) 
at birth (P=.0285) and at weaning (P=.OI78) among 
treatment groups (Table 3).There are no significant 
differences in number of total born (P=.5467) or born 
alive (P=.1462) among treatment groups. There are 
significant differences in the number of pigs weaned 
(P=.0513) among treatment groups (Table 4). 

• There is no statistical difference between the effect 
of the infection (mean litter viability) on the control 
group that did not receive vaccination and the group 
vaccinated with autogenous killed product. 
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Figure 1. PRRSV-specific cell-mediated reactivity 
in different treatment groups, as determined by 
frequency of gamma-interferon-producing cells 
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Table 3. Litter viability, analysis of variance 
(Proc GLM, SAS) 

Mean Litter Viability* (%) 

Number of 

Group Litters At Birth AtWeanin~ 

1 5 24.49- 8.00-

2 3 20.74- 10.37-

3 3 67.6S .. b 53.54 .. b 

4 3 61.11 .. b 61.11a.b 

~ j 2Q,~a b 2Q,~a b 

* Litter viability is defined as the number of pigs alive 
divided by the total number of pigs born 
a.b Numbers within a column with the same letter are 
not significantly different (P=.05) 

• There is a distinct trend towards increased piglet vi
ability in those groups that received MLV vaccine 
(Tables 2-4) 

• While both MLVs provide better protection than the 
autogenous killed product, its is not possible-from 
our data-to differentiate which of the two MLV s 
would protect the best or to predict at what percent
age level. 

It seems plausible that values of viremia in the gilt/sow 
after challenge can be considered an indicator or predic
tive parameter of the level of protection of the animal 
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Table 4. Mean born alive vs. number of total born, 
analysis of variance (Proc GLM, SAS) 

Group 

2 

3 

4 

5 

Number of 

Utters 

5 

3 

3 

3 

3 

Mean Mean Mean Pigs 

Total Born Born Alive Weaned 

9.oa 1.8' 0.4' 

8.3' 2.0' 0.7' 

7.7' 5.oa 4.0"" 

5.7' 3.3' 2.3a.b 

6.3' 5.7' 5.d' 

a,b Numbers within a column with the same letter are 
not significantly differe'nt (P=.05) 

Table 5. PRRSV infection status of offspring 
determined by different virology procedures 

Piglet Group V ( in V I In Serum I SH peR Positive PRRSV 
1.0. No. Tissues (Tissues detection ( by 
No. and Serum anyone test) 

) 

5.1 Positive Positive 

5.2 Positive Positive 

10 I Positive Positive 

16.1 Positive (2) Positive 

16.2 Posihve Posillve 

19.1 Positive Positive Positive 

192 Positive (2) Positive Positive 

49.1 Positive ( I) Positive (2) Positive Positive Positive 

59.1 Positive (2) Positive Positive 

59.2 Positive Positive 

59.3 Positive (2) Positive POSllive 

59.4 PosItive PositIve Positive 

59.5 Positive Positive 

59.6 Positive Positive 

597 Positive Positive POSItive 

59.8 Positive Positive 

68.1 

68.2 Positive Positive 

68.3 Positive Positive 

68.4 Positive Positive 

69.1 Positive (I) Positive (I) Positive Positive Positive 

against in vivo replication of PRRSV. Our data would 
suggest that a relationship may exist between viral load 
post-challenge and protection, as judged by offspring vi
ability (Table 2). 
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The absence of neutralizing circulating antibodies prior 
to--and their quick appearance after--challenge seems 
to suggest that a significant secondary neutralizing re
sponse may be related to protection. It is striking that a 
modest (1:4 to I: 16) but detectable neutralizing antibody 
response is present at 7-11 days PI (the time PI at which 
it is likely that pre-natal fetal infection takes place) pre
cisely (and only) in those sows that were best protected. 
Although we did not measure the SN response of the dam 
in serum or colostrum at farrowing, it seem plausible that 
those animals, which had exhibited an incipient, detect
able SN response shortly after challenge, would have a 
more solid (possibly protective?) SN titer at the time of 
passive transfer to the offspring. Taken together, these 
results seem to emphasize that the role of neutralizing 
antibodies in PRRSV protection needs to be studied fur
ther or reconsidered. 

The three vaccines seem to have induced three distinct 
levels of total antibodies assessed by ELISA (low, me
dium, and high). However, the level of total antibodies 
induced during immunization, prior to challenge (as as
sessed by ELISA) does not seem to correlate with protec
tion (Tables 1 and 2). 

No correlation was evident between the sole parameter 
of cell mediated immunity (CMI) assessed (frequency of 
gamma IFN producing cells in PBMNC) and protection. 
It is possible that a closer correlation would have been 
evidenced had CMI response been evaluated in individual 
cell SUb-populations instead of total PBMNCs. 
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Table 5 confirms that PRRSV vaccines confer protection 
against clinical disease but not against infection. 
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