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Summary
Objectives: To determine whether purchase
and isolation of gilts and boars, purchase of
semen for artificial insemination (AI), sharing
of boars with other herds, herd size, and
confinement housing were risk factors for
porcine reproductive and respiratory syn-
drome (PRRS) virus infection and clinical
PRRS in swine herds during the early years
of the pandemic.

Methods: A herd demographic and man-
agement survey of 103 swine herds in Illi-
nois was conducted in 1992 and repeated

in 1997 to determine whether PRRS virus
infection and clinical disease had been
diagnosed during the intervening period.
Multivariable logistic regression analysis
was conducted to identify risk factor
associations.

Results: Larger herd size was associated
with an increased risk, and isolation of pur-
chased gilts with a decreased risk, of both
PRRS virus infection and clinical PRRS.
Purchase of semen for AI was associated
with an increased risk of PRRS virus
infection.

Implications: Swine producers should
certify that purchased semen is free of
PRRS virus, gilts should be isolated prior
to introduction to the herd, and biosecurity
measures should be implemented to pre-
vent PRRS virus infection, particularly in
larger herds.
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Porcine reproductive and respiratory
syndrome (PRRS), characterized by
late-term abortion epidemics, neo-

natal mortality, and severe respiratory signs
and secondary infections in nursery and
growing pigs, was first identified as a distinct
disease syndrome in the United States and
Europe in the late 1980s.1–3 It has been
demonstrated that growth rates and measures
of reproductive performance decrease in
herds infected with PRRS virus (PRRSV).4–6

Severe economic losses associated with
PRRS outbreaks have been documented.7

Porcine reproductive and respiratory syn-
drome is arguably the most devastating
disease affecting the swine production in-
dustry worldwide today.

Several sources of PRRSV infection for
swine herds have been implicated, includ-
ing purchased swine (both breeding stock

and feeder pigs) and purchased semen from
infected boars for use in artificial insemina-
tion (AI).8–10 However, epidemiologic
studies designed to identify risk factors for
the spread of PRRSV infection and clinical
disease have been limited. In a cross-sectional
study of 58 herds in a PRRS-endemic area
of England, Edwards et al11 found that the
risk of being infected with PRRSV increased
with larger breeding herd size, more gilts
purchased, and lack of quarantine of pur-
chased pigs. In a case-control study of 196
herds in Denmark, Mousing et al12 found
that introduction of breeding stock from
PRRSV-seropositive source herds and pur-
chase of feeder pigs increased the risk of
PRRSV infection, but herd size and use of
semen from PRRSV-positive source herds
for breeding were not associated with
PRRSV infection status. In a case-control

study of 219 swine herds in Denmark,
Mortensen et al13 reported that the risk of
infection with a US vaccine strain of
PRRSV increased with the purchase of se-
men from a PRRSV-infected source, larger
herd size, and an increased density of
PRRSV-infected neighboring herds.

The model of transmission that emerges is
that PRRSV is introduced into a herd pri-
marily through infected pigs and semen
and that increased opportunities for contact
with infected pigs, such as may occur in
large herds in confinement facilities, facili-
tate the establishment of infection in the
herd. Isolation of purchased swine decreases
this risk.

The objective of this retrospective study
was to utilize a herd demographic and
management survey of 103 swine herds in
Illinois to identify risk factors for PRRSV
infection and clinical PRRS during the
early years of the PRRS epidemic in the
United States (1992 to 1997). Comparison
of conditions enhancing transmission dur-
ing these years with more recent results is
important in understanding the constancy
of risk factors and thus the efficacy of inter-
vention methods for a virus that may be
evolving in response to a changing host
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and treatment environment. Comparison
with earlier epidemiologic studies in Europe
is important, because distinct genetic dif-
ferences between PRRSV in Europe and
the United States have been identified.14 It
is hypothesized here that the risk of PRRSV
infection and clinical PRRS increases with
increasing herd size, total confinement
housing, a greater number of purchased
gilts and boars, purchase of semen for AI,
and failure to isolate boars and gilts after
purchase.

Methods
In 1992, telephone interviews on demo-
graphic, management, and housing charac-
teristics were obtained for 140 farrow-to-
finish swine herds as part of a risk factor
survey for Toxoplasma gondii infection.15

During 1997, it was possible to re-contact
103 of these farms (74%) to obtain updated
information on herd characteristics, and
also to determine whether serological de-
tection of PRRSV infection or clinical
signs of PRRS had been made for the herd
by a veterinarian in the previous 5 years. A
herd was classified as having clinical PRRS
if a diagnosis of PRRS had been made by a
veterinarian due to the presence of clinical
signs of PRRS. A herd was classified as
infected with PRRSV either if clinical
PRRS had been diagnosed or if serological
testing had indicated PRRSV infection.

Thus, the outcomes analyzed were whether
or not, within the 5 years previous to the
survey in 1997, clinical PRRS had been
diagnosed, and whether or not PRRSV
infection had been diagnosed either by
clinical signs or by serological testing. Risk
factors analyzed for their association with
these outcomes were the following variables,
obtained during the 1992 interviews: average
number of sows in the herd in the previous
year, total confinement housing (all pigs
housed entirely inside), number of gilts
purchased in the previous year, isolation of
gilts after purchase, number of boars pur-
chased in the previous year, and isolation of
boars after purchase. Purchase of feeder
pigs was not included as a risk factor because
only one of these farrow-to-finish swine
operations had purchased feeder pigs. The
following additional information was ob-
tained from the 1997 interview: purchase
of semen for AI during the previous 5
years, and sharing of boars for breeding
with other herds in the previous 5 years.

On the basis of previous reports,4,12,13 the

following predictions were made: the prob-
ability of PRRSV infection and the probabil-
ity of clinical PRRS would increase with an
increase in the number of sows in the herd,
total confinement housing, an increase in
the number of gilts purchased, failure to
isolate gilts after purchase, an increase in
the number of boars purchased, failure to
isolate boars after purchase, purchase of
semen for AI, and sharing of boars with
other herds.

Risk factors were analyzed for their associa-
tion with PRRSV infection and clinical
PRRS using both bivariate and multivari-
able methods. Bivariate associations with
PRRS outcomes were analyzed using 2 × 2
contingency tables for dichotomous cat-
egorical variables16 and the Mann-Whitney
U test for interval level risk factors.17 For 2
× 2 tables where the expected value in one
or more cells was less than 5, Fisher’s exact
test was used to calculate P values. Multi-
variable risk factor analysis was conducted
using multivariable logistic regression. A
stepwise variable selection procedure was
used, with initial forced entry of all predic-
tors and subsequent backward variable
elimination.18 All P values were one-tailed
due to directional predictions, with α set to
.05. The Hosmer-Lemeshow test was used
to determine the goodness-of-fit of the
model.18 This test compares the observed
proportion of subjects in each risk category
with the proportion expected by the fit
logistic regression model and calculates a
chi-square statistic. A higher P value indi-
cates better goodness-of-fit.

Results
Of the 103 herds for which complete herd
survey information was available for data
analysis, 50 (49%) had been diagnosed
with PRRSV infection between 1992 and
1997. None of these herds had been diag-
nosed with PRRSV infection prior to the
1992 survey. In 37 herds (74%), clinical
signs of PRRS were observed, including
epidemic abortions (31 herds; 62%), high
preweaning mortality (18 herds; 36%), and
respiratory signs in nursery pigs (29 herds;
58%) and growing-finishing pigs (26
herds; 52%).

Bivariate risk factor analysis (Tables 1 and
2) indicated that the risk of diagnosis of
PRRSV infection increased with larger sow
herd size, purchase of more gilts, total
confinement housing, and purchase of semen

for AI. This risk decreased with isolation of
gilts after purchase. The same risk factor
associations were identified for clinical
PRRS. In addition, an increase in the num-
ber of boars purchased was associated with
increased risk of clinical PRRS.

The multivariable logistic regression analy-
sis (Table 3) indicated that an increased
risk of PRRSV infection was associated
with larger sow herd size and purchase of
semen for AI, whereas isolating gilts after
purchase was associated with decreased
risk. The risk of clinical PRRS increased
with larger sow herd size and decreased
with gilt isolation. Results of the Hosmer-
Lemeshow test indicated high goodness-of-
fit both for the PRRSV infection model
(χ2 [8 df ] = 10.5, P = .23) and the clinical
PRRS model (χ2 [8 df ] = 7.4, P = .49).

Discussion
The analyses conducted in this study
identified purchase of semen for AI as a
risk factor for PRRSV infection although,
after taking associations with other vari-
ables into account, this was not associated
with an increased risk of clinical PRRS.
These results are consistent with those of
previous studies implicating purchased
semen as a source of PRRSV infection.8–10

Mortensen et al13 specifically identified an
association between purchase of semen
from an infected source herd and increased
risk of PRRS vaccine virus infection. In
contrast, Mousing et al12 failed to identify
purchase of semen from a PRRSV-infected
source as a risk factor for PRRSV infection.
Nevertheless, the use of purchased semen
may be a potential source of PRRSV infec-
tion, thus identifying a critical control
point for intervention.

In a bivariate analysis, Edwards et al11

found that increasing the number of gilts
purchased was associated with an increased
risk of PRRSV infection. In the bivariate
analysis of the survey in Illinois herds re-
ported here, risk of PRRSV infection and
clinical PRRS increased with an increased
number of gilts purchased; the risk of clini-
cal PRRS also increased with an increased
number of boars purchased. However, the
results of the multivariable analyses in the
Illinois survey showed that numbers of gilts
and boars purchased did not have indepen-
dent significant effects on PRRSV infec-
tion and clinical PRRS. Using stratification
and multivariable analyses to control for
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Table 1: Differences in distribution of risk factor values for quantitative variables among 103 farrow-to-finish herds either
diagnosed or not diagnosed with porcine reproductive and respiratory syndrome virus (PRRSV) infection (by serological
testing or clinical signs) or with clinical PRRS (by clinical signs) between 1992 and 1997
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Table 2: Bivariate associations of dichotomous risk factors with diagnosis of porcine reproductive and respiratory
syndrome virus (PRRSV) infection (by serological testing or clinical signs) or with clinical PRRS (by clinical signs) in 103
farrow-to-finish herds in Illinois between 1992 and 1997

1     One-tailed P value (in predicted direction) from chi-square test of association, unless stated otherwise.
2     All pigs housed entirely indoors.
3     Reject null hypothesis of no association with risk factor, at α = .05, in predicted direction.
4     Housing of purchased animals in a location physically separate from the remainder of the herd.
5     Boars used for breeding in more than one herd.
6     Fisher’s exact test.
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associations among risk factors, Mousing et
al12 reported specifically that purchase of
gilts or boars per se did not increase the
risk of PRRSV infection; however, purchase
of gilts or boars from PRRS-positive
sources did. Mousing et al12 also found
that purchase of feeder pigs increased the
risk of PRRSV infection. Using multivari-
able analyses, Mortensen et al13 found that
the risk of PRRSV infection increased with
an increase in the number of swine purchased
from PRRS-positive herds. Thus, it is ap-
parent that the risk of PRRSV infection
may increase with the number of swine
purchased, but obviously only if the pur-
chased swine are infected.

This study of Illinois herds determined that
isolating gilts after purchase decreased the
risk both of PRRSV infection and clinical
PRRS. This relationship was maintained
even when the correlations among risk fac-
tors were taken into account. Baysinger et
al4 found that isolation of incoming gilts
reduced the risk of a PRRSV-infected herd
remaining chronically infected. Isolation of
incoming gilts is recommended as a control
measure for PRRSV infection.19

Purchase of semen for AI and purchase of
boars and gilts reflect the potential for in-
troduction of PRRSV into a herd from an
outside source. Various strategies reduce
the risk of PRRSV infection from these
sources. Pigs purchased may be isolated,
under the assumption that they may be
culled if they manifest clinical signs. Virus

shedding in subclinically infected pigs oc-
curs primarily due to stress during the iso-
lation period, and is less likely to occur
thereafter. Certification of the source herd
for pigs and semen as seronegative for
PRRSV is an additional method of reducing
the risk of introduction of PRRSV. How-
ever, the highest confidence that introduc-
tion of PRRSV into a herd will be prevented
is attained by testing purchased semen and
pigs for PRRSV infection. In conjunction
with serological testing, isolation of pur-
chased animals, preferably on a separate
site prior to introduction to the remainder
of the herd, further minimizes the risk of
infection. However, economic considerations
may require some compromise in pursuing
this strategy. Additional research is needed
to determine the optimum isolation period
and the degree of spatial separation for
purchased swine.

Exchanging boars between herds was not
associated with an increased risk of clinical
PRRS in the bivariate analysis. The sample
size was small (9 of 103 herds shared boars
and none were diagnosed with clinical
PRRS), and these herds may not be repre-
sentative of others using this practice.

In this retrospective study, larger sow herd
size was associated with an increased risk of
PRRSV infection and clinical PRRS. Addi-
tional evidence supporting larger herd size
as a risk factor for PRRSV infection has
been presented previously,11,13 although

Mousing et al12 failed to find this relation-
ship. Goldberg et al20 determined that
larger herd size increased the risk both for
sow deaths and for respiratory signs of
PRRS in nursery pigs. In the study reported
here, larger herds purchased more gilts;
however, herd size had the stronger correla-
tion with diagnosis of PRRSV infection.
Although bringing PRRSV-infected ani-
mals into a herd appears to be a primary
mode of between-herd transmission, it is
possible that larger herd size represents a
composite of demographic and management
factors that increase the risk of PRRSV
infection. The larger number of animals
housed within a herd and the resulting
increased animal density may increase the
opportunities for transmission of patho-
gens when animals are moved and housed
in different locations during production.
More animals represent a potentially
greater number of sources of animals shed-
ding PRRSV. Non-porcine vectors and
fomites may also play an increased role in
the spread of PRRS in an area of increased
animal density.21–24 Dee25 found that
PRRSV subpopulations exist in chronically
infected breeding herds, suggesting that
transmission of the virus is very sporadic
and that exposure is inconsistent over time,
particularly in large breeding herds. It has
been suggested that sow interaction is
minimized in large breeding herds with
stall housing, reducing the spread of the
virus within a population, thus resulting in
subpopulations of animals with varying
immunological status.26 The specific char-
acteristics of large herds that increase the
risk of PRRSV infection and clinical PRRS
require further investigation to optimize
intervention strategies.

Although purchased pigs and semen have
been repeatedly implicated as sources of
PRRSV, other potential sources have been
suspected. Infected needles, flies, mosquitoes,
coveralls, boots, and hands of personnel are
also believed to play a role in the transmis-
sion of PRRSV.22–23 Houseflies and soil
also have been found to be sources of
PRRSV.24 Zimmerman et al27 have
identified birds as a potential source. The
risk of PRRSV infection has been demon-
strated to be higher if another herd within
3 km is infected, implicating airborne
transmission.13 Although it has been
difficult to demonstrate transmission across
a distance of more than 1 meter under
experimental conditions,28 the aerosol

Table 3: Results of multiple logistic regression analysis identifying risk factors
for diagnosis of PRRSV infection (by serological testing or clinical signs) or
clinical PRRS (by clinical signs) in 103 farrow-to-finish herds in Illinois between
1992 and 1997

1    Housing of purchased gilts in a location physically separate from the remainder of
the herd.
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transmission of PRRSV that was infectious
to pigs after traveling a distance of 150
meters has been reported recently.29

Goldberg et al30 found that genetic similar-
ity among PRRSV isolates was not correlated
with geographic distance, thereby implicat-
ing as the primary mode of transmission
the movement of animals and semen,
which are conducted independent of dis-
tance, rather than airborne or wildlife
transmission, which occur only over short
distances.

Risk of introduction of PRRSV into a herd
via semen purchased for AI and through
replacement gilts have been identified as
important in several epidemiologic studies
throughout the 1990s in both Europe and
the United States. Assuming that there are
genetic differences due to geographic loca-
tion among the PRRSV populations stud-
ied,14 and perhaps genetic differences due
to time of sampling, the consistency of re-
sults justifies a unified strategy for the con-
trol of PRRS transmission, although some
modification for larger herd size may be
needed. This unified strategy should focus
on certification of PRRSV-free status of the
source populations and biosecurity of the
destination herds.

Some limitations of this study should be
recognized. The original data were ob-
tained in 1992 as part of another study,
and thus not all risk factors for PRRS were
addressed, in part because little was known
about the epidemiology of PRRS at that
time. With less awareness of PRRS during
the early years of the pandemic, apparently
negative herds might have been misdiag-
nosed due to a lack of serological testing
when clinical signs were not present or
when clinical signs of PRRS were attributed
to other causes, thus reducing the number
of herds diagnosed by a veterinarian during
this period.

The survey identified the status of risk fac-
tors at the time of the 1992 survey only.
Factors such as herd size and number of
breeding stock purchased, as well as prac-
tices such as isolation of purchased breeding
stock, sharing of boars for breeding, and
purchase of semen for AI, may change over
time. This is a limitation of all predictive
risk factor surveys where changes in risk
factors over time (and the associated de-
manding analytic models) are not taken
into account. Risk models do not precisely
implicate causation, but they can identify

factors that may be studied more closely in
causal models (eg, analysis of experiments
and longitudinal studies).

Error in recall of information is another
potential limitation of a retrospective study.
Also, the inability to identify herds that
purchased replacements from PRRS-posi-
tive sources compared to PRRS-negative
sources reduced the ability of the study to
pinpoint precisely the risk of transmission
of PRRSV from purchased breeding stock.
This study was conducted only in Illinois
farrow-to-finish herds, and different results
might be found in other climates and pro-
duction systems. Nevertheless, confirmation
of predictions derived from previous studies
suggests that the factors identified in this
study generalize to other locations, times,
and production systems beyond Illinois
farrow-to-finish operations in the mid-1990s.

Implications
• In this retrospective study in Illinois

farrow-to-finish herds, larger sow herd
size was associated with an increased
risk of diagnosis of PRRSV infection.

• In this study, isolation of purchased
breeding stock before introduction
into the breeding herd was associated
with a decreased risk of PRRSV
infection.

• The status of PRRSV infection should
be evaluated for any potential source
prior to the purchase of replacement
breeding stock.

• Biosecurity measures should be
implemented to prevent PRRSV
infection, particularly in larger herds.
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