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Abstract:   
This study was conducted to evaluate the rate of transmission of PRRS within herds.  Twenty six farms were selected to 
participate and 20 pigs per farm (for a total of 520 pigs) were tagged and tested for PRRS antibodies every two weeks 
from the time they arrived to a nursery or wean-to-finish building until they went to market.  These pigs were kept together 
in one pen at each farm.  At the start of the project, these pigs were also tested for virus circulation using PCR.  A 
standard laboratory diagnostic workup was performed on study pigs that died during the trial to evaluate the presence of 
PRRS, porcine circovirus (PCV2), mycoplasma, and swine influenza. 
 
Additional data analysis will supplement the conclusions drawn so far.  Although there are some differences between 
farms in the rate of PRRS seroconversion ranging from around 14 to 105 days post enrollment, overall the average 
seroconversion occurred around 54 days.  This time period coincides with the last days in the nursery or the early 
finishing period.  This time period seems to be longer than expected considering the cohort of pigs was together in the 
same pen throughout the study.  These data support the concept that the PRRS virus is not very contagious.  Also, pig 
end weights were significantly different between pigs that seroconverted and those that did not (242 lbs at 150 days from 
enrollment compared to 206 lbs at 143 days).  
   
Introduction:   
Once a herd is infected, PRRSV tends to circulate in an endless cycle of (subclinical <-> clinical) episodes. Our common 
belief is that the virus is perpetuated in an infected herd by a cycle of transmission from the dam to her pigs, then by pig-
to-pig contact at later stages of production. Under conditions in which susceptible and infectious pigs are mixed, e.g. at 
weaning, a large proportion of the contact population may quickly become infected. Thus, Dee and Joo (1994) reported 80 
to 100% of pigs in 3 swine herds were infected by 8 to 9 weeks-of-age and Maes (1997) found 96% of market hogs from 
50 herds to be positive.  
 
This “blitzkrieg” pattern of transmission is considered the norm by most of us who deal with PRRSV. For that reason, it is 
surprising to find that field research has, in fact, found marked differences in transmission rates between groups, pens, 
and even rooms of animals in infected herds. Houben et al. (1995) even found transmission to vary within litters, with 
some littermates seroconverting as early as 6 to 8 weeks and others as late as 10 to 12 weeks of age. In some cases, 
litters of pigs reached 12 weeks-of-age, the end of the monitoring period, still free of PRRSV infection. Le Potier et al. 
(1997) even found a lack of seroconversion in young sows on endemically-infected farms using in-herd gilt replacements, 
i.e., these animals had lived among PRRSV for 10 months or more without becoming infected. Very recently, Melnichouk 
et al. (2004) reported the results of a large study on PRRSV transmission in nursery pigs in seven commercial swine 
herds (also see Dewey et al., 2004). Two distinct patterns of transmission were observed: rapid vs slow. On five farms, 
50% of the pigs were infected between 5 and 7.5 weeks of age and ≥90% of pigs were infected by 8.5 weeks of age. On 
two farms, even at 10 to 12 weeks of age only 20 to 40% of pigs were infected. The investigators concluded that “herd-
level management factors impact the spread of the virus,” but were not able to identify the specific factors from their study.  
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This study attempted to identify the specific farm factors that might impact the spread of virus. However, analysis of the 
survival data and performance differences have received the majority of effort to date given the results obtained.  Solid 
conclusions about the herd level management factors that might impact spread of the virus have not resulted from this 
study so far.  Two factors contribute to this result: much greater variation in the rate of transmission over a longer time 
frame within cohorts housed together.  This delayed seroconversion in the cohorts tested means that distinct populations 
between which different management factors could be compared did not emerge as anticipated.  This is an inherent risk 
of field studies.  Secondly, veterinarian’s willingness to participate in farm identification and field collection of samples 
without compensation was greatly overestimated.  As a result, the variation in management practices among the enrolled 
farms (multiple clients of fewer vets) was limited.  Again this was an inherent risk of a field study and argues against 
studies that do not directly compensate participants. 
 
 
Objectives:   
A) Estimate the rate of PRRSV transmission in the nursery and finisher phases of commercial pig flows 
B) Identify farm characteristics that affect the rate of transmission, and 
C) Evaluate infection timing and rate of transmission impacts on economic performance of groups.  
 
 
Materials & Methods:  This section should include experimental design, methods and procedures used, number of 
animals, etc. 
 
We conducted a multi-site, prospective study involving repeated sampling of a cohort of pigs at each site through the 
nursery and finisher phases. We enrolled a total of 26 farms and 20 pigs per farm were individually tagged for at total of 
520 pigs. The farms were selected based on: a) willingness to participate in the study and b) proximity to resources to 
collect blood samples reliably. Pigs were selected from each site randomly with the requirement that the study cohort pigs 
had to be kept together in a pen throughout the study. 
Based on farm manager and veterinary assessment, the source sow farm for the pigs was classified as to PRRSV history 
and level of activity at the time of weaning as positive, negative or unknown. 
 
Cohort animals that died during the trial were subjected to a gross necropsy. A specific set of tissues was collected 
including: heart, lung, liver, kidney, spleen, intestine, and lymph node per a written guideline provided to the collaborating 
veterinarians. These samples were submitted to the ISU Veterinary Diagnostic Laboratory for histopathologic assessment 
and immunohistochemical (IHC) testing for mycoplasma, swine influenza and porcine circovirus type 2 since coinfection 
studies have suggested a potential impact on the course of PRRSV disease by these infections. Additional IHC tests may 
be performed when clinical signs, performance and histological lesions suggest one of the following: transmissible 
gastroenteritis (TGE)/ porcine respiratory coronavirus (PRCV), lawsonia intracellularis, streptococcus suis, and rotavirus 
type A.  
 
To assess the impact of weight variation on the cohort, pigs were individually weighed on the date of the first blood 
collection. To assess the relative end weight variation among the pigs in the cohorts, length and girth measurements were 
asked to be recorded for each member of each cohort at marketing using a standardized protocol.  
 
All serum samples were tested for antibodies against PRRS virus using a commercial ELISA kit and protocol (HerdCheck 
® 2XR, IDEXX, Westbrook, Maine, USA) at ISU-VDL. Results were recorded as both S/P values and positive or negative 
based on the manufacturer’s recommended cutoff (≥0.4 is positive). The initial sampling point at weaning was also tested 
for PRRSV by serum PCR to determine the presence or absence of viremic pigs in the cohort.  
 
Results for each pig were examined to identify the time of seroconversion. Seroconversion was defined as an increase 
from negative titers to a positive titer (S/P ≥0.4) that is maintained for at least 2 consecutive bleedings, the first upward 
tend, or 1st positive change in pattern. For each pig in each cohort we established whether it seroconverted or not and the 
days from enrollment as well as approximate age. Transmission rates, defined as the number of new seroconversions 
within a period of time among pigs at risk, was estimated for each cohort as well as for all pigs in the study. Descriptive 
statistics (t-test and ANOVA models) were used to identify significant differences in the rate of transmission between 
specific management/farm factors.  
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The outcome defined as time-to-seronconversion was analyzed using survival analysis methods to estimate the risk of 
seroconversion during the follow-up time (or probability that a pig will seroconvert by 28 weeks of age), the hazard rate of 
seroconversion at any given time, and the median time-to-seroconversion. Univariate exploratory analyses, based on 
Kaplan-Meier estimation of the survival function, were used to identify farm and animal factors of statistical and biological 
significance that for our multivariate model. Multivariate analyses was done based on semi-parametric (Cox Proportional 
Hazards) or parametric (Accelerated Failure Time) survival models. Using standard model selection procedures, we 
identified farm and animal factors that were associated with an increased risk of seroconversion, while adjusting the 
model for potential confounding factors and assessing for statistical interactions. Because the risk of seroconversion in 
each cohort was highly influenced by the presence (or number) of viremic pigs (as indicated by serum PCR) at the 
beginning of the study, such variables were forced into the final model.  
 
A second modeling approach was used involving actual ELISA S/P values over time for each pig using non-linear 
regression analyses (Rutter and Elashoff, 1994). Non-linearity was incorporated based on adding polynomial terms into 
the model and assuming specific distributions. Similarly to the first approach, we also did exploratory analysis of the 
collected factors using univariate models followed by building of a multivariate model. In both approaches, final model 
selection was done based on the Wald statistic and likelihood ratio test between nested models, where a P-value < 0.1 
will be considered statistically significant.  
 
Lastly, the effect of seroconversion on production parameters was evaluated using various regression and ANOVA 
multivariate statistical methods depending on the type of production parameter being evaluated (continuous or 
categorical, at the pig or cohort level) and how infection was measured (number of infection per period of time, proportion 
of infected pigs by the end of the study period, or mean S/P values at a given time). All statistical analyses assume a level 
of confidence of 90% (P-value <0.1) and were performed with computer software (S-Plus, Insightful Corp. Seattle, WA; 
MLwiN®, Center for Multilevel modeling, University of London; SAS Institute, Inc., Cary, NC).  
 
Results:  Report your research results by objective.  
 
A) Estimate the rate of PRRSV transmission in the nursery and finisher phases of commercial pig flows. 
 

Farm 

Total 
days 
to 
event 

Number of 
pigs that 
seroconverted 

Incidence 
rate 

Days to 
sero-
conversion 

# Left 
censored 

1 2716 0 0.00000 NA 0 

2 2786 0 0.00000 NA 0 

3 1890 18 0.00952 105.0 0 

4 653 20 0.03063 32.7 0 

5 646 19 0.02941 34.0 0 

6 359 12 0.03343 29.9 4 

7 717 16 0.02232 44.8 2 

9 237 8 0.03376 29.6 6 

10 322 12 0.03727 26.8 4 

11 807 20 0.02478 40.4 0 

12 786 19 0.02417 41.4 0 

13 655 19 0.02901 34.5 0 

14 935 20 0.02139 46.8 0 

15 812 18 0.02217 45.1 0 

16 848 20 0.02358 42.4 0 

17 652 18 0.02761 36.2 1 

18 590 17 0.02881 34.7 1 

19 574 18 0.03136 31.9 1 

20 725 20 0.02759 36.3 0 

21 653 18 0.02757 36.3 0 

22 439 12 0.02733 36.6 4 

23 365 6 0.01644 60.8 6 

24 248 18 0.07258 13.8 0 

25 395 14 0.03544 28.2 3 
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26 420 14 0.03333 30.0 2 

ALL 20230 376 0.01859 53.8 34 
 
Survival curve when modeling time to seroconversion (in days)and using initial PCR result as explanatory. 
 

 
 
The hazard ratio for the initial PCR variable is 3.713 (95% CI, 2.838 – 4.858). 
 
B) Identify farm characteristics that affect the rate of transmission. 
 
We are in the process of further developing a multivariate model that addresses these characteristics for both within farm 
as well as across farm.  Initial modeling attempts were not robust enough to support confident conclusions.  As a result, a 
new analysis of the impact of farm characteristics has been undertaken. Solid conclusions about the herd level 
management factors that might impact spread of the virus have not resulted from this study so far.  Two factors contribute 
to this result: much greater variation in the rate of transmission over a longer time frame within cohorts housed together.  
Delayed seroconversion in the cohorts tested means that distinct populations between which different management 
factors could be compared did not emerge as anticipated.  This is an inherent risk of field studies.  Secondly, 
veterinarian’s willingness to participate in farm identification and field collection of samples without compensation was 
greatly overestimated.  As a result, the variation in management practices among the enrolled farms (multiple clients of 
fewer vets) was limited.  Again this was an inherent risk of a field study and argues against studies that do not directly 
compensate participants. 
 
 
C) Evaluate infection timing and rate of transmission impacts on economic performance of groups.  
 
Economic performance will be difficult to evaluate directly in this study due to missing or summarized data.  As we worked 
very close with the field veterinarians, we discovered that it was difficult for them to collect accurate information regarding 
ADG and feed usage.  The data we captured was summarized in varied formats for each group and does not provide 
sufficient specific information to allow us to provide actual calculations from.  
 
Preliminary analysis does identify some significant risk factors from which financial implications could be extrapolated 
from.  Future work with this data set will create excel modeling scenarios for such variables. 
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Discussion:  Explain your research results and include a summary of the knowledge that is of immediate or future benefit 
to pork producers. 
 
There are distinct differences between farms in the rate of PRRS seroconversion ranging from around 14 to 105 days post 
enrollment, overall the average seroconversion occurred around 54 days.  This time period coincides with the last days in 
the nursery or the early finishing period.  This time period seems to be longer than expected considering the cohort of pigs 
was together in the same pen throughout the study.  These data support the concept that the PRRS virus is not very 
contagious. 
 
Also, our univariate survival analysis has identified that pigs that were PCR positive at the start of the study were 3.7 
times more likely to seroconvert earlier than those that were negative (95% CI, 2.8 – 4.9).  Although it seems very logical 
that PCR positive pigs will seroconvert sooner, we would have expected the hazard ratio to be a much larger number.  
This suggests that most pigs that are not PCR infected at the time of weaning are still at risk of seroconversion from 
exposure to penmates.   
 
Pig end weights were significantly different between pigs that seroconverted and those that did not (242 lbs at 150 days 
from enrollment compared to 206 lbs at 143 days).  We are modeling these data to estimate financial impact.  Clearly 
these differences further support efforts to prevent PRRSV infection of herds but they also suggest that within farm factors 
that delay or prevent spread of the virus may positively improve individual pig performance and group averages. 
 
 
Lay Interpretation: As stated in the contract, we require a lay interpretation of the project, suitable for public release by 
the Board.  Please include contact information, should the public want to contact you directly. 
 
PRRS virus seems to move relatively slowly in a population.    Although pigs that already have the virus on arrival to the 
nursery will become PRRS positive (seroconvert) sooner than those who don’t, most pigs in a group with virus circulation 
will seroconvert by 8 weeks post weaning (late nursery or early finishing).  Infection with PRRS does seem to have an 
impact on growth of the pigs even when no clinical signs of disease may be present. 
Pig end weights were significantly different between pigs that seroconvert and those that did not (242 lbs at 150 days from 
enrollment compared to 206 lbs at 143 days).  We are modeling these data to estimate financial impact.  Clearly these 
differences further support efforts to prevent PRRSV infection of herds but they also suggest that within farm factors that 
delay or prevent spread of the virus may positively improve individual pig performance and group averages. 
 


