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Summary
Objective: To determine seroprevalence of
Lawsonia intracellularis and the time of
seroconversion in growing and breeding
swine herds using the immunoperoxidase
monolayer assay (IPMA).

Methods: Blood was collected from indi-
vidually identified growing pigs in 16 herds
at weaning (approximately 3 weeks of age)
and in those herds, plus four others, at 3-
week intervals until market weight (total
20 herds). Blood was collected from indi-
vidually identified breeding animals (re-
placement gilts) at entry into nine breeding
herds and then at 3-week intervals.
Samples were tested at a dilution of 1:30

using the IPMA, which identifies IgG
antibodies.

Results: Fifteen of twenty growing herds
(75%) were seropositive for L intracellu-
laris at some time between weaning and 24
weeks of age. Within-herd seroprevalence
in positive growing herds ranged from 11
to 92% and peaked near marketing (18 to
24 weeks of age). Seven of nine breeding
herds (78%) were seropositive. Within-
herd seroprevalence in breeding herds
ranged from 5 to 61% and peaked near the
time of herd entry and again late in the
study.

Implications: As L intracellularis IgG se-
rum antibodies were short-lived in this

study, serial blood sampling at intervals of
3 weeks or less may prove useful in deter-
mining L intracellularis serological status in
a swine production system. On the basis of
these results, blood samples to detect expo-
sure to L intracellularis should be collected
from growing swine at 18 to 24 weeks of
age, and from replacement gilts at entry
into the breeding herd and at first
lactation.
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The obligate intracellular gram-
negative bacterium, Lawsonia
intracellularis, causes porcine pro-

liferative enteritis (PPE),1–5 an economi-
cally important enteric disease that is com-
mon in pig populations throughout the
world.6–14 After the causative agent was dis-
covered, diagnosticians were able to develop
laboratory methods to aid in the diagnosis
of PPE.15–22 Currently, histopathology, fecal
and tissue polymerase chain reaction (PCR),
and serology are the most common diagnos-
tic methods for PPE. Fecal PCR has limita-
tions for determining exposure to L
intracellularis and may be better employed
to determine active shedding of the organ-
ism.23,24 Previous studies reported only
60% of animals infected orally with L

intracellularis had positive fecal PCR results
3 weeks after challenge, and in some cases,
this dropped to 30% by 6 weeks after chal-
lenge.25 On the other hand, in L intracellu-
laris challenge studies using either the
immunoperoxidase monolayer assay (IPMA)
or immunofluorescent antibody (IFA) test,
over 90% of infected pigs had IgG serum
antibodies.24–26 Serology is very effective in
determining exposure to L intracellularis in
PPE field studies.27,28 The IPMA test, using
a serum dilution of 1:30, has been validated
to be sensitive (88.9%) and specific (100%)
in its ability to detect IgG L intracellularis
antibodies in challenged pigs.29–31 On the
basis of these findings, the IPMA serum test
was chosen to determine the prevalence of
IgG L intracellularis antibodies in growing

and breeding swine herds. Serial blood
samples were collected from the same grow-
ing pigs and replacement gilts (cohort
groups) at 3-week intervals to gain a better
understanding of the time of herd exposure.
Data concerning clinical evidence of PPE
disease was not collected. This study was not
designed to determine the interrelationship
of breeding and growing herd serological
status; however, a recent risk assessment
study found that the L intracellularis sero-
logical status of the growing herd was
strongly associated with the serological sta-
tus of the breeding herd.32

Materials and methods
Collection of samples
This study was conducted in commercial
swine herds located in Iowa, Nebraska, Min-
nesota, and Illinois. Fourteen cooperating
veterinarians selected a convenience sample
of 20 growing herds and nine breeding
herds, and collected the blood samples.
Samples were collected from approximately
20 growing pigs in a cohort age group
(range 200 to 1200 pigs) in 16 herds at
weaning (approximately 3 weeks of age) and
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then in all 20 selected herds at 3-week inter-
vals until market (ie, seven or eight samples
per pig). Eight samples per gilt were col-
lected from 20 replacement gilts (cohort
group size range 50 to 1200 gilts) upon en-
try into the breeding herds and subsequently
every 3 weeks. Age at entry into the breed-
ing herd was not determined. Individual
animals were identified using ear tags to al-
low serial sampling.

Serological testing
Serum samples were submitted to the Uni-
versity of Minnesota and tested for L
intracellularis IgG antibodies using the
IPMA.30,31 The IPMA test does not re-
quire fluorescence and is a modification of
the indirect serum IFA test.30,31 Acetone-
fixed, 96-well sterile culture plates contain-
ing McCoy cells (mouse fibroblasts, ATCC
#CRL-1696; American Type Culture Col-
lection, Rockville, Maryland) infected with
L intracellularis were rehydrated, and 50 µL
of a 1:30 dilution of test serum was added
to each test well. The plate was then incu-
bated for 30 minutes at 37˚C, washed, and
incubated with anti-porcine IgG-peroxi-
dase conjugate (Sigma-Aldrich Biochemical
Co, St Louis, Missouri) for 45 minutes at
37˚C. After another wash, chromogen
(AEC [3-amino-9-ethyl-carbazole]; Sigma-
Aldrich Biochemical) in hydrogen peroxide
was added to each well. The plate was then
incubated at room temperature for 20 min-
utes, washed, dried, and examined using an
inverted light microscope. The serum
sample was considered positive if red-la-
beled bacteria were observed in the cyto-
plasm and extracellularly in the cell culture.
Specific antibody-positive and antibody-
negative pig sera were included on each
plate as controls.30 Positive and negative
sera were validated during a previous chal-
lenge trial in which the absence and pres-
ence of PPE was confirmed at necropsy by
immunohistochemistry staining of intesti-
nal tissues from non-challenged and chal-
lenged pigs, respectively.30

Feed samples were collected at the time of
serum collection and analyzed for in-feed
antibiotics (Woodson-Tenet Laboratories,
Des Moines, Iowa). Animal or herd therapy
via injection or water-soluble antibiotics was
not recorded.

No herds in this study were vaccinated
against L intracellularis.

Results
Growing herd prevalence
Lawsonia intracellularis antibodies were de-

tected by the IPMA in 15 of 20 growing
herds (75%) during the 24-week study. Anti-
bodies were detected in only one of the 16
growing herds tested at weaning (6%). All 20
growing herds were negative for L intracel-
lularis serum antibodies when the pigs were 6
weeks of age. Individual pigs in eight of the
15 seropositive growing herds seroconverted
over a 6-week period. The greatest increase in
herd prevalence occurred when pigs were 15
to 18 weeks of age (Figure 1). Maximum
growing herd prevalence at one data point
was 60%, when the pigs were 24 weeks of age
(Figure 1). In nine of the 15 seropositive
herds, the greatest herd prevalence of L
intracellularis serum antibodies occurred
when the pigs were approximately 24 weeks
of age, just prior to marketing.

Due to lost tags or lost animals, there were
fewer than 20 animals in some groups at
some data points in some herds. Maximum
within-herd prevalence of L intracellularis
antibodies ranged from 11 to 92%, with 13
of the 15 seropositive herds having a maxi-
mum herd prevalence of less than 50%, and
five herds having a maximum herd preva-
lence of less than 30%. At the time of maxi-
mum herd prevalence, pigs ranged in age
from 18 to 24 weeks. Pigs became seroposi-
tive at 9 to 24 weeks of age, excluding two
seropositive pigs in one herd at weaning: it
was assumed that these positive tests repre-
sented colostral antibodies. In eight of the

15 seropositive herds, pigs became seroposi-
tive at 18 weeks of age.

Breeding herd prevalence
In seven of the nine breeding herds tested
(78%), replacement gilts were seropositive for
L intracellularis by the IPMA. Within-herd
seroprevalence ranged from 5 to 61% , with
five of the seven seropositive herds having a
herd prevalence of less than 30%. There was
no definitive time pattern in which these nine
breeding herds became serologically positive
to L intracellularis. Two of the nine herds
(22%) were seropositive when the gilts en-
tered the breeding herd (Figure 2). During
the subsequent serial blood collections, a new
breeding herd became seropositive at each
time interval except between weeks 3 and 6.
Individual gilts in three of the seven seroposi-
tive breeding herds seroconverted over a 6-
week period. Two peaks in seroprevalence to
L intracellularis occurred, at 3 weeks after
entry and again 15 weeks after entry into the
breeding herd (Figure 2). Maximum breeding
herd prevalence at one data point was 44%,
which occurred 15 to 18 weeks after the gilts
had entered the breeding herds (Figure 2).

Time of seroconversion
The range in time from the first pig’s
seroconversion until the maximum percent-
age of animals became seropositive, within
herds, ranged from 0 to 15 weeks for grow-
ing pigs and 0 to 21 weeks for gilts.

Figure 1: Prevalence of seropositivity to Lawsonia intracellularis in 20 herds of
growing pigs. Approximately 20 pigs in each herd were individually identified
and tested at weaning and at 3-week intervals thereafter using the immuno-
peroxidase monolayer assay at a serum dilution of 1:30.  At weaning, 16
growing herds were sampled, and at other data points, 20 herds were sampled,
for a total of seven or eight samples per pig.  Prevalence at each data point was
the number of herds with at least one seropositive pig expressed as a percentage
of the total number of herds tested at that time point.
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Duration of L intracellularis
seropositive status
The serological status of 32 growing pigs
changed from negative to positive to nega-
tive status during the study. The mean
length of time in which these growing pigs
were seropositive, when sampled at 3-week
intervals, was 26.3 days.

The serological status of 38 replacement
gilts changed from negative to positive to
negative status during the study. The mean
length of time in which these breeding pigs
were seropositive, when sampled at 3-week
intervals, was 26.5 days.

The trend was for only one sample from a
seropositive animal to be positive: 72.9%
of seropositive growing pigs and 62.0% of
seropositive replacement gilts were positive
at just one data point. Twelve of the 308
growing pigs in the 15 seropositive herds
(3.9%) were seropositive at three of the
eight data points, and no pigs were sero-
positive at more than three data points (6-
week interval). Two of the 140 gilts tested
(1.4%) in the seven seropositive herds were
seropositive at three data points, three
(2.2%) were seropositive at four data
points, and none were seropositive at more
than four points (9-week interval).

In-feed antibiotics
In-feed antibiotics were reported in 19 of
the 20 growing herds. Only one growing
herd did not use in-feed antibiotics through-
out the study. This herd was IPMA-positive
for L intracellularis. In-feed antibiotics were
reported in six of the nine breeding herds.
The three breeding herds that did not use
in-feed antibiotics throughout the study
were all IPMA-positive for L intracellularis.

Thirteen different in-feed antibiotic pro-
grams were used in the 20 growing herds,
and a different in-feed antibiotic program
was used in each of the six breeding herds
that used in-feed antibiotics. This large
variation in the number of in-feed antibiotic
programs was associated with the large
number of herds and veterinarians involved
in the study. Due to the great amount of
variation found in the types and levels of
antibiotics used, no attempt was made to
correlate L intracellularis serological status
and use of in-feed antibiotics.

Discussion
This study design was unique in that it de-
termined the prevalence of L intracellularis
IgG antibodies, as detected by IPMA, in
growing and breeding herds and determined
the time of seroconversion by testing serum

samples collected at 3-week intervals.

While 75% of the 20 growing herds and
78% of the nine breeding herds (replace-
ment gilts) were seropositive at some time
during the study, a maximum of only 60%
of the growing pigs and 44% of the breed-
ing females in these herds were seropositive
at a single data point, due to the differences
in the time of seroconversion between herds,
the short duration of IPMA IgG serum anti-
body titers, and the intermittent seropositiv-
ity noted in some individual animals.

Lawsonia intracellularis antibodies were de-
tected by IPMA in growing pigs at weaning
in only one herd and in only two animals in
this herd. It is reasonable to assume that
these antibodies were colostral in origin. As
only this one herd was seropositive at wean-
ing, and none of the 20 growing herds were
seropositive at 6 weeks of age, one might
conclude that exposure to L intracellularis
occurred late in finishing in these herds, and
not in the farrowing or nursery stage of
swine production.

Most growing pigs and replacement gilts
were seropositive at just one data point.
These data support the need for frequent
blood sampling intervals in serological stud-
ies for L intracellularis, because animals ap-
peared to be seropositive for only a short
time period. This is in agreement with pre-
vious studies28 in which it was necessary to

collect blood samples at 21-day intervals to
detect L intracellularis antibodies by IFA,
due to the apparently short-lived L intracel-
lularis antibodies. In this study, many grow-
ing pigs seroconverted at the last data point,
thus limiting the number of animals in
which to determine the period of seroposi-
tivity in the growing pig population.

Thirty-two growing pigs and 38 breeding
pigs were intermittently seropositive to L
intracellularis. The length of time these
animals were seropositive was approximately
26 days. This suggests that re-exposure to
L intracellularis may have occurred in these
herds, or that the animals did not develop
persistent titers, or both. The exact length
of time pigs were seropositive could not be
determined in this study because samples
were collected only at 3-week intervals.

In this study, blood samples were collected
from approximately 20 growing pigs and
replacement gilts at each data point. In the
growing herd (cohort age group, 200 to
1200 pigs), sampling 22 pigs would provide
a 90% confidence of detecting a 10% preva-
lence rate in 200 pigs.33 All growing herds
had a within-herd prevalence of seropositiv-
ity greater than 10%; however, two breeding
herds had less than a 10% within-herd
prevalence rate. Collecting more blood
samples at each time point would have
improved the power of the study in low

Figure 2: Prevalence of seropositivity to Lawsonia intracellularis in nine herds
of breeding animals (replacement gilts). Approximately 20 gilts in each herd
were individually identified and tested at entry into the breeding herd and at
3-week intervals thereafter (8 samples total) using the immunoperoxidase
monolayer assay at a serum dilution of 1:30. Prevalence at each data point was
the number of herds with at least one seropositive gilt expressed as a
percentage of the total number of herds tested at that time point.
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prevalence herds. In addition, a herd was con-
sidered positive in this study when one ani-
mal tested IPMA-positive for L intracellularis.
The results of this study could have been vali-
dated using PCR to detect the presence of the
L intracellularis organism in fecal samples. In
future studies, more than one diagnostic test
for L intracellularis should be employed.

Serological tests currently available (ie, IFA
and IPMA) measure IgG serum antibodies to
L intracellularis, reflecting exposure to the L
intracellularis organism. Because L intracellu-
laris bacteria reside within the enterocyte,
cell-mediated immunity, determined by a
serum test for antigen-specific gamma inter-
feron production, might be a more appropri-
ate method to determine exposure and pro-
tection after L intracellularis challenge.34

In eight growing herds and three breeding
herds, there was an interval of 6 weeks from
the time when the first animal seroconverted
until the maximum percentage of animals
were seropositive. This suggests that exposure
to L intracellularis may occur over a long pe-
riod of time within a herd, due in part to the
ability of the organism to survive in extracel-
lular conditions for up to 2 weeks.35 Proper
disinfectant use is important in preventing
the spread of L intracellularis between groups
of pigs managed in an all-in all-out (AIAO)
manner. Prevention and control of PPE with
intermittent therapeutic doses of in-feed anti-
biotics may be important in herds when pigs
are exposed to L intracellularis over a rela-
tively long time period.36,37

Implications
• In a convenience sample of swine

herds in four Midwest states, 75% of
growing herds and 78% of replace-
ment gilt herds were seropositive by
the IPMA for L intracellularis.

• Antibodies detected by IPMA are
short-lived (<3 weeks) both in growing
pigs and in replacement gilts.

• Serial blood sampling at intervals of 3
weeks or less may be necessary to
determine L intracellularis serological
status in a production system.
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