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ABSTRACT: Porcine Reproductive and Respiratory Syn-
drome (PRRS) and Porcine Circovirus type 2b (PCV2b) are 
detrimental viral diseases to the porcine industry. A total of 
206 weaner piglets were randomly assigned to one of two 
rooms. Pigs in one room were vaccinated for PRRS and 28 
days later, all pigs were co-infected with both viruses. The 
non-vaccinated piglets were 2.06 times more likely to pre-
sent with blue ear (p<0.05). The effect of vaccination on 
Average Daily Gain (ADG) varied over time (p<0.0001). 
The effects of both WUR genotype, a swine chromosome 4 
SNP associated with host response to PRRS, and vaccina-
tion on PRRS viremia varied significantly over time 
(p<0.01). Blue ear and mortality after co-infection had a 
moderate heritable component. The introduction of PCV2b 
with PRRS may have diluted the impact of the WUR geno-
type on host response.  
Keywords: Porcine Reproductive and Respiratory Syn-
drome; Porcine Circovirus type 2b; Host response 
 
 

Introduction 
  

Porcine Reproductive and Respiratory Syndrome 
(PRRS) is known to cause immunosuppression, facilitating 
secondary infections (Mateu and Diaz (2008)). Thus, co-
infection experiments offer a more realistic approach to 
studying PRRS. Studies have shown that co-infection of 
pigs with the PRRS virus (PRRSV) and Porcine Circovirus 
type 2b (PCV2b) enhances the presentation of both diseases 
(Allan et al. (2000)).  

 
A Modified Live Virus (MLV) vaccine for PRRS 

is an attenuated virus that has the ability to replicate but is 
not expected to cause severe disease. Due to the limitations 
of vaccines, host genetics may provide a more holistic ap-
proach to defense against PRRS. 

 
Boddicker et al. (2012) found a major QTL on Sus 

scrofa chromosome (SSC) 4, affecting both viral load and 
weight gain in growing piglets experimentally infected with 
PRRSV. The Single Nucleotide Polymorphism (SNP) 
WUR10000125 (WUR) on SSC4 captured all effects of this 
region on these traits. The favorable B allele at WUR ap-
pears dominant over the A allele, and has low frequency in 
commercial breeding populations (Boddicker et al. (2012)). 
The objective of this study was to evaluate the effects of the 
WUR genotype and vaccination against PRRS in nursery 
pigs co-infected with PRRSV and PCV2b.  
  
 
 

Materials and Methods 
 

Experimental design. Data on 206 commercial 
Yorkshire*Landrace piglets with genotype AA (n=91), AB 
(n=112) or BB (n-3) for the WUR SNP and average initial 
weight 13.6±0.2 kg and age 23.4±0.1 days were used for 
this study. Pigs were randomly assigned to one of two 
rooms, balancing for WUR genotype and sire and dam. At 0 
days post-vaccination (dpv), the pigs in one room were vac-
cinated with the Ingelvac® PRRS MLV. Biosecurity be-
tween rooms prevented the vaccinated pigs from shedding 
the MLV to the non-vaccinated piglets. At 28 dpv, all pig-
lets were co-infected with a matched pair of PRRSV (isolate 
KS06-06274) and PCV2b (a porcine multisystemic wasting 
syndrome causing isolate), both intranasally and intramus-
cularly. At 70 dpv (or 42 days post infection; dpi), all sur-
viving piglets were euthanized.  

  
Data. Weights of each piglet were taken on a 

weekly basis from 0-70 dpv. Average daily gain (ADG, 
kg/d) was calculated based on the difference in weight be-
tween two consecutive measurements. Blood samples were 
collected from all piglets at 0, 4, 7, 11, 14, 21, 28, 35, and 
42 dpi and a qPCR assay used to measure PRRSV viremia 
(Boddicker et al. (2012)). This assay measures all PRRSV, 
including the vaccine MLV. Incidences of blue ear, a well-
recognized clinical sign of PRRS, and mortality were rec-
orded. Sire and dam information was obtained from a pedi-
gree including 286 individuals. Other recorded variables 
included wean age, start age, death age, room, and pen. 

  
Statistical analysis. For analysis of ADG and 

PRRS viremia (log-2 scale), a model with fixed effects of 
vaccination (vaccinated [Vx] or not [NotVx]), WUR geno-
type (AA or AB (AB+BB, since Boddicker et al. (2012) 
showed the B allele to be dominant)), week of measurement 
(Week), their interaction, and the covariate of initial weight 
at 0 dpv or of pre-infection weight at 0 dpi was used. The 
effects of pen within room, sire and dam were fitted as ran-
dom effects. To account for repeated measurements of ADG 
and PRRS viremia over time, a first-order autoregressive 
covariance matrix for residuals was used.  

 
Survival analysis was performed for blue ear and 

mortality after co-infection, using Cox proportional hazards 
modeling in SAS 9.4. The model included the fixed effects 
of vaccination, WUR genotype, and their interaction, pre-
infection weight as a covariate, and the random effects of 
sire and dam. Pigs that survived or did not show blue ear 
through the end of the trial were considered “censored.” 

 



Genetic parameters of ADG, PRRS viremia, mor-
tality and blue ear were estimated using similar models as 
described above, but with a polygenic random effect, using 
ASReml 3.0 (Gilmour et al. (2009)). A logit function was 
used for analysis of mortality and blue ear as binary traits.  
 

Results and Discussion 
 

Genetic Components. Heritability estimates and 
proportions of the variance accounted for by the random 
effects are found in Table 1. Blue ear and mortality after co-
infection had moderate to low heritability estimates (0.16 
and 0.32, resp.). In contrast, ADG and viremia had low her-
itability estimates (0.05 and 0.01, resp.), as well as low re-
peatability estimates (0.05 and 0.04, resp.).  

 
Table 1. Heritability (h2) and proportion of total vari-
ance accounted for by random effects.  

Trait Res. P(R) Litter pe h2 

Mortality 0.67 0.01 0 - 0.32 
(±0.13) 

Blue ear 0.84 0 0 - 0.16 (±0.09) 
ADG(kg/d) 0.92 0.01 0.02 0 0.05 

(±0.03) 
Viremia 0.91 0.01 0.04 0.03 0.01 

(±0.03) 
Res.= Residual. P(R)=Pen(Room) pe=permanent environment 
 
 
Table 2. Survival analyses ANOVA and Hazard-Ratio 
(HR) for Mortality and Blue ear  

Effect§ 
Mortality  Blue ear 

HR¥ p-value  HR¥ p-value 
WUR 0.53 

[0.14, 2.0] 0.35  
1.9 

[0.66, 4.2] 
 

0.18 
VX 0.59 

[0.14, 2.6] 0.47  
2.06 

[1.1, 3.9] 0.03 
WUR*VX --- 0.56  --- 0.47 
PW 0.98 

[0.9, 1.01] 0.86  
0.97 

[0.93, 1.0] 0.09 
§WUR, WUR genotype: AA or AB; VX, Vaccination for PRRSV: Vac-
cinated or Not; 
¥Hazard ratio and its 95% Confidence interval (in square brackets) estimat-
ed as the ratio of AB/AA and Non-Vaccinated/Vaccinated . PW=pre-
infection weight covariate (kg) 

 
 
Blue Ear and Mortality.  Hazard-ratio (HR) esti-

mates for WUR genotype and vaccination for incidence of 
mortality and blue ear are noted in Table 2.  Neither the 
main effect of WUR genotype nor its interaction with vac-
cination were significant for either trait (p>0.05), however, 
the HR estimate suggested that AB piglets were more likely 
to show blue ear than the AA piglets (p=0.18). The effect of 
vaccination was significant (p=0.03) for blue ear and indi-
cated that non-vaccinated piglets were 2.06 times more like-
ly to present with blue ear than vaccinated piglets. The ef-
fect of pre-infection weight was significant at p<0.10 and 
showed heavier pigs were less likely to present with blue 
ear.  

 
 

In total, 8 of 91 AA and 14 of 115 AB pigs died 
early, but the effects of WUR genotype and vaccination 
were not significant (p>0.10). Although pigs with the AB 
genotype had greater mortality, the AA piglets died earlier. 

  
PRRS Viremia and Average Daily Gain. A re-

peated measures analysis was performed to evaluate the 
effects of WUR genotype and vaccination over time (Table 
3). The vaccinated piglets had not cleared the vaccine virus 
at 0 dpi (Figure 1). The non-vaccinated pigs had higher vi-
remia than the vaccinated piglets until 42 dpi, when both 
groups appeared to have similar viremia levels. 

 
Table 3. Significance of Fixed Effects in Repeated 
Measures analyses of Average Daily Gain (ADG) and 
PRRS Viremia. 

Effect 
              p-value            . 

ADG Viremia 
WUR genotype 0.91 0.056 
Vaccination 0.01 <.0001 
WUR*Vaccination 0.73 0.28 
IW and PW <.0001 <.0001 
Week <.0001 <.0001 
Week*WUR 0.92 0.006 
Week*Vaccination <.0001 <.0001 
Week*WUR*Vaccination 0.53 0.19 
Initial weight (IW) was fitted as a covariate for the pre-infection period and 
pre-infection weight (PW) for the post-infection period. 
 

 

 
Figure 1. LSMeans for PRRS viremia across time and by 
WUR genotype  

 
 
There was an interaction effect of vaccination-by-

week (p<0.0001) for both traits, and of WUR-by-week for 
PRRS viremia (p<0.01; Figure 1). Peak viremia occurred at 
7 dpi for both genotypes. Within week, least-squares means 
of viremia for AA and AB pigs were different (p<0.01) at 7, 
11, 14, and 35 dpi. AB pigs had lower viremia up to 14 dpi, 
which agrees with Boddicker et al. (2012) but at 35 dpi, AB 
pigs had higher viremia (Figure 1). The latter may be due to 
co-infection, which enhances both PRRS and PCV2b (Allan 
et al. (2000)), such that PCV2b could be interacting with 
PRRS at 35 dpi, and affect AA pigs differently than AB 
pigs.  
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ADG increased linearly for both vaccination 
groups (p<0.0001) prior to co-infection. ADG from 35-42 
dpv showed a significant interaction between WUR geno-
type and vaccination (p=0.03), which suggested vaccination 
improved the growth of AB but not AA pigs. By the end of 
the trial, vaccination had a strong negative affect on ADG 
(p<0.0001). Unlike Kritas et al. (2007), the vaccinated pig-
lets did not have higher ADG than the non-vaccinated pigs. 
This may be due to vaccinated pigs having longer exposure 
to PRRS from the MLV and inadequate time to fully recov-
er between vaccination and infection. Jung et al. (2009) 
found that a pre-existing PRRSV infection down-regulated 
the innate immune system.  

 
There was no significant effect of WUR genotype 

on ADG (p>0.05). Boddicker et al. (2012) showed that 
PRRSV-infected AB nursery pigs grow faster than AA pigs. 
The lack of association between the WUR SNP and ADG in 
this study could be due to the co-infection with PCV2b. 

 
Overall, it appeared that the non-vaccinated and 

vaccinated pigs had similar trends in ADG post co-infection 
but the vaccinated pigs appeared to show a delayed response 
(see trend lines in Figure 2). Thus, the vaccine appeared to 
protect the animals from the initial assault of the co-
infection in terms of ADG, but the vaccinated pigs eventual-
ly also had a temporary reduction in ADG.  

 

 
Figure 2. LSMeans for Average Daily Gain (ADG) by 
Week, Vaccination, and WUR genotype. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Conclusions 
 

In nursery pigs co-infected with PRRSV and 
PCV2b, the WUR genotype did not significantly affect the 
overall ADG, the presentation of blue ear, or mortality. 
However, the WUR genotype did produce a significant ef-
fect on PRRS viremia across time, with AB animals having 
lower viremia up to 35 dpi. The higher viremia for AB ani-
mals at the end of the study could be associated with 
PCV2b. It is possible that PCV2b reduced the beneficial 
effect of the WUR SNP on weight gain, but the region was 
still able to confer its beneficial influence on viremia shortly 
after co-infection.  

 
Although vaccination often had strong effects on 

the traits evaluated, it is unclear whether the vaccine had 
overall beneficial effects. These results neither encourage 
nor refute the use of vaccines for PRRS. The impact of the 
WUR genotype under co-infection requires further study.   
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