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Summary
In a cross-sectional study in nine herds, the
interval between earliest detection of
Lawsonia intracellularis by fecal polymerase
chain reaction (at 6 to 23 weeks of age) and
seroconversion (immunoperoxidase mono-
layer assay at 12 to 27 weeks of age) ranged
from 2 to 8 weeks (mode, 2 weeks).
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age.9 These studies investigated the preva-
lence of LI by various methodologies, but
fell short of determining when LI was
being shed within a herd.

The use of the immunoperoxidase mono-
layer assay (IPMA) has been limited to
challenge model investigations10–11 and a
few field studies. Guedes et al12 reported
100% specificity and 89% sensitivity at a
serum dilution of 1:30 for the IPMA sero-
logical test. Guedes et al13 also determined
that there was 98.6% agreement between
the IFAT and the IPMA tests in experi-
mentally infected pigs, concluding that
both serological tests provide similar
results. These studies show that the IPMA
is a good herd level test to identify expo-
sure to LI, but the period of fecal shedding
has not been related to the time of serocon-
version in field studies. To improve control
strategies, practitioners must be able to use
serological tests to estimate when LI is be-
ing shed in a herd, which requires an un-
derstanding of the interval between fecal
shedding and seroconversion under field
conditions.

Serology may be useful to swine veterinar-
ians to elucidate the course of LI infection
in a herd, but the temporal relationship of
fecal shedding of LI to seroconversion
needs to be understood to improve timing
of control therapies, including antibiotic
placement and vaccination. The objective
of this study was to determine the temporal
relationship of detection of fecal shedding
of LI, determined by fecal polymerase
chain reaction (fPCR), and IPMA
seroconversion within the study herds. The
impact of nursery and finishing pig flow on
LI shedding and seroconversion is also
examined.

Materials and Methods
Selection of study herds
Herds were enrolled on the basis of three
criteria. First, each herd had a history of
ileitis, diagnosed by necropsy findings with
laboratory confirmation by histopathology,
immunohistochemistry, or a previous posi-
tive PCR on fecal samples or tissue
scrapings. Second, in each selected herd,
clinical signs of ileitis had been present,
including either porcine intestinal ad-
enomatosis (PIA) or porcine hemorrhagic
enteropathy (PHE). The clinical signs for
PIA were defined as nonhemorrhagic diar-
rhea (soft or watery stools) occurring be-
tween 6 and 20 weeks of age and gaunt
pigs with poor performance, as indicated
by dramatic weight variation between pigs
in the finishing barns. The clinical signs of
PHE were defined as hemorrhagic diarrhea,
pale pigs with dark brown to bloody stool,
and sudden death occurring between 4 to
12 months of age.14 Finally, herd managers
in enrolled herds were willing to allow
sample collection and share medication
histories and performance records. All
reported medication programs included, at
some phase of production, an in-feed anti-
microbial shown to have efficacy against
LI. Because of the varied in-feed medica-
tion programs used in the study herds, an
analysis was not possible.

All herds were in multi-site farms with the
breeding herd separated from the growing
herd. Pig flow management, which varied
by herd, is described in Table 1. Nurseries
housed piglets from approximately 4.5 kg
to approximately 25 kg (3 to 10 weeks of
age). Finishers housed pigs from approxi-
mately 25 kg to market weight. Nurseries
and finishers were categorized by the num-
ber of sow sources entering the nursery
farm(s), all in-all out practices, and the
number of sites housing pigs. Pig flow was
continuous in single site facilities and non-
continuous in multiple site facilities.

Proliferative enteropathy, or ileitis, is
a troubling disease for producers
and veterinarians to control in the

field. The causative agent is Lawsonia
intracellularis (LI), an obligate intracellular
bacterium.1–3 Because the bacterium cannot
be cultivated using conventional methods,
antemortem diagnosis and herd dynamics of
LI exposure must be made on the basis of
serological tests or assays for fecal shedding.

Studies using various serological techniques
or polymerase chain reaction (PCR) to
determine the incidence and prevalence of
LI infection have been reported.4–8 When
the indirect immunofluorescence antibody
test (IFAT) was used, 316 to 73.3%7 of
herds tested positive. Just et al9 reported
seroprevalence ranging from 0 to 54% by
farm site in pigs < 25 weeks of age. In this
serial serological study, seroconversion
occurred at 12 weeks of age, with no ani-
mals testing positive beyond 17 weeks of
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Sampling and testing procedures
A cross-sectional sampling technique was
used, designed to detect a 10% infection
rate at a 95% confidence interval. Thirty
pigs were selected for sampling from a barn
or age group (cohort). The number of pens
in a barn or housing a cohort was divided
by 30 to determine the number of pigs
sampled per pen. If more than 30 pens
housed a single cohort, every other pen or
every third pen was sampled as required.

Pigs were restrained for venipuncture and
digital collection of feces. Pig flows were
sampled at 2-week intervals from 6 weeks
of age through market age. Blood and fecal
samples were refrigerated and shipped to
the University of Minnesota for testing as
described elsewhere.15–17

To determine the youngest age of serocon-
version, all sera were tested by IPMA for
LI. An age group was considered to be
seropositive (ie, seroconverted) if any
serum sample in the cohort was positive by
the IPMA at the standard 1:30 serum
dilution.

Fecal samples from all cohorts in a pig flow
were not tested by fPCR. When the IPMA
was positive in a cohort of pigs, all fecal
samples from this cohort and the two
younger cohorts were tested. A cohort was
determined to be shedding LI if one
sample was fPCR-positive. Fecal PCR
testing continued in younger cohorts until
no samples in a cohort were fPCR-positive.
The youngest fPCR-positive cohort (ie, age
at initial detection of fecal shedding of LI)
was defined as the first fPCR-positive
cohort in a pig flow preceded by an fPCR-
negative cohort.

Herd comparison procedures
The herds were divided into two categories
based on the rate of IPMA seroconversion.
Seroconversion rate for a herd was classified
as high if > 20% of the pigs in one or more
cohorts were seropositive; seroconversion
rate was classified as low to moderate if ≤ 20%
of the pigs in all seropositive cohorts were
seropositive. Herds with high and low-to-
moderate seroconversion rates were com-
pared on the basis of veterinary
classification and pig flow management
from the sow farm through the nursery and
finishing barns. The veterinary classification
of the herd was derived from the herd
veterinarian’s clinical diagnosis, which was
based on the cited definitions of clinical
ileitis, and conversations with the herd
veterinarian.

Table 1: Sow sources and pig flow in the nurseries and finishers of nine herds1

tested for Lawsonia intracellularis by fecal polymerase chain reaction and
immunoperoxidase monolayer serum assay
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01 elpitluM elpitluM etisyB elpitluM etisyB

1    All were multi-site farms with the breeding and growing herds on separate sites.
2    AIAO = all in-all out.
3    All growing sites were wean-to-finish.
4    Nursery and finishers were on the same site.
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1    All tested pigs were housed in single- or multi-site nursery or finisher facilities
separate from the breeding herd. Blood and fecal samples were collected from the
same 30 pigs in each cohort. Cohorts born in alternate weeks were tested.

2   Age of the youngest cohort seropositive to the IPMA at a 1:30 serum dilution.
3    Age of the youngest fPCR-positive cohort was defined as the fPCR-positive cohort

nearest in age to a younger cohort that had tested negative. Fecal samples were
tested in cohorts that were IPMA-positive. In Herd 5, with no IPMA-positive cohorts,
samples were tested by fPCR on the basis of previous positive samples and
veterinary observations of diarrheal disease.

4    Age at earliest detection of fecal shedding of LI was defined as the age of an fPCR-
positive cohort that was preceded by an fPCR-negative cohort.

5   Interval between the age of the youngest fPCR-positive cohort and the age of the
youngest cohort seropositive by IPMA.

6    ND = not done: in this herd, seroconversion was not detected in any cohort.
7    NA = not applicable. Fecal shedding was detected in the youngest cohorts tested in

Herds 5 and 6, and in Herd 10, two cohorts were mixed.

Table 2:Temporal relationship of fecal shedding of Lawsonia intracellularis (LI),
as determined by fecal polymerase chain reaction (fPCR), and seroconversion
to the immunoperoxidase monolayer assay (IPMA) for LI in nursery and finisher
pigs in nine herds1
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in this herd confounds the determination
of the interval between earliest detection of
positive fPCRs and seroconversion, because
the youngest cohort at seroconversion and
the youngest fPCR-positive cohort were
both identified in the mixed group. Exclud-
ing this herd and the herd in which sero-
conversion was not detected, the interval
between earliest detection of positive
fPCRs and seroconversion ranged from 2
to 8 weeks, with a mode of 2 weeks.

Table 3 presents the serological categories,
the herd veterinarian’s classification of
disease caused by LI (ie, PIA, PHE, or
both), and pig flow in the nursery and
finisher for each herd. Three herds (Herds
3, 7, and 8) were included in the high
seroconversion category. The remaining six
herds were in the low-to-moderate serocon-
version category. The serological response
tended to be low when pigs were segregated
by site in the nursery or finisher. Herds
with more age groups on a site tended to
have a high serological response, even
though the pigs were segregated by building
or room.

Discussion
These results must be interpreted carefully
because of the cross-sectional collection of
the samples. Even though the same animals
were not collected at different ages, the
characteristics of fecal shedding and sero-
conversion may help practitioners under-
stand the temporal relationship between
fecal shedding of LI and seroconversion.
Just et al9 theorized that a cross-sectional
serological study would be the best method
for determining exposure to LI in a produc-
tion system. The results of the study in
these nine herds may be used to draw some
conclusions about the usefulness of IPMA
serological testing and fPCR in determin-
ing the herd dynamics of LI infection.

The youngest cohort at seroconversion
varied among herds from 12 weeks to 27
weeks of age, suggesting that exposure
occurs in the late nursery period through
finishing and that exposure builds until the
dose of LI becomes high enough to induce
seroconversion. This conclusion is sup-
ported by the fPCR results, ie, cohorts in
various herds were fPCR-positive between
6 and 23 weeks of age. It has been reported
that fPCR detects 103 or more LI organ-
isms per gram of feces;15,18 therefore, not
all infected pigs shed enough LI organisms
in their feces to be detectable by fPCR.19
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6 woL EHP elgniS 1;M 3;M

01 woL EHP elpitluM 3;M 3;M

Table 3: Serological, clinical, and management classifications of nine herds in a
cross-sectional study in which nursery and grower pigs were tested in weekly
cohorts by immunoperoxidase monolayer assay (IPMA) for seroconversion1 to
Lawsonia intracellularis (LI)

1    A cohort was considered to be seropositive if any serum sample in the cohort was
positive by the IPMA at the standard 1:30 serum dilution.

2    Seroconversion rate for a herd was classified as high if > 20% of the pigs in one or
more cohorts were seropositive; seroconversion rate was classified as low to
moderate if ≤ 20% of the pigs in all seropositive cohorts were seropositive.

3    Clinical classification was based on the clinical opinion of the herd veterinarian, using
accepted definitions for porcine intestinal adenomatosis (PIA) and proliferative
hemorrhagic enteropathy (PHE). PIA: nonhemorrhagic diarrhea (soft or watery
stools) occurring between 6 and 20 weeks of age and gaunt pigs with poor
performance. PHE: hemorrhagic diarrhea, pale pigs with dark brown to bloody stool,
and sudden death occurring between 4 to 12 months of age. ND: no diagnosis.

4    S: single site housing all pigs from the sow farm; M: multiple locations, each housing a
portion of pigs from a sow farm(s). All in-all out (AIAO) procedures at the farm were
designated as follows: 1, AIAO by room; 2, AIAO by building; and 3, AIAO by site.

5 Wean-to-finish barns.
6   All nursery pigs raised on a site housing a portion of the finisher pigs.

Results
Nine herds were included in the study. Age
of the youngest cohort at seroconversion,
age of the youngest fPCR-positive cohort,
age at earliest fecal shedding of LI detected,
and interval between earliest fPCR detec-
tion and seroconversion are summarized
for each herd in Table 2. First evidence of
seroconversion varied among herds. In
herds that seroconverted to LI, age at
seroconversion ranged from 12 weeks to 27
weeks. In five of the eight herds in which
seroconversion was detected, one serum
sample was positive in the group desig-
nated as youngest cohort at seroconversion.
In one herd, seroconversion was not
detected.

Fecal shedding of LI was detected by fPCR
in all herds. The age of the youngest fPCR-
positive cohort ranged from 6 weeks to 23
weeks. In the herd in which seroconversion
was not detected, fPCR testing was performed

on the basis of the herd veterinarian’s clinical
observation and the fact that pooled fecal
samples had been previously positive by
fPCR in the early nursery. In this herd,
fecal shedding occurred in cohorts 6 and 8
weeks of age. In two herds, age at earliest
detection of fecal shedding was not
identified because the youngest pigs
sampled (6 weeks of age) were fPCR-posi-
tive. Excluding these two herds, the initial
detection of positive fPCRs occurred in
cohorts ranging in age from 9 to 23 weeks.

The interval between earliest detection of
positive fPCRs and IPMA seroconversion
in each herd was the difference between the
ages of the youngest cohort at seroconversion
and the youngest cohort that became
fPCR-positive. In one herd, this interval
could not be determined because pigs from
different weeks of production were housed
in the same barn and sampled as one co-
hort. The sampling of two cohorts as one
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Confounding the serological results and the
fPCR results are the in-feed antimicrobial
programs. Use of in-feed antimicrobials
may have affected the duration of the fecal
shedding of LI and the age of seroconversion.
In-feed antimicrobials may prevent or delay
infection with LI,20 potentially delaying
seroconversion. Other reports have specu-
lated that fecal shedding, as determined by
fPCR, is reduced with antimicrobial treat-
ment.5,8 In this study, in-feed antimicro-
bial programs might have reduced the
degree and the extent of LI shedding,
potentially delaying seroconversion.

In herds where earliest shedding of LI was
detected, the interval between earliest
detection of positive fPCRs and IPMA
seroconversion in each herd ranged from 2
to 8 weeks, with a mode of 2 weeks. On
the basis of the results from the small
sample of herds in this study, variation in
the interval between earliest detection of
shedding and seroconversion may make it
difficult, using serology alone, to predict
the age at which fecal shedding occurs in a
herd.

The low seroconversion rate detected in
some herds in this study also limits the use
of serology alone in predicting the age at
which fecal shedding of LI is likely to occur.
Sampling intensity and the characteristics
of the IPMA may contribute to the low
seroconversion rate detected. The sampling
intensity used to detect earliest age at
seroconversion was designed to detect a
10% infection rate at a 95% confidence
interval.21 In 62.5% of herds in which
seroconversion was detected, one serum
sample was positive in the group designated
as youngest cohort at seroconversion. The
sensitivity of the IPMA (89%)13 might be
a factor in the low seroconversion rate in
this study because of the possibility of false
negatives. Nonetheless, when the first pigs
in a herd seroconvert, it is likely, on the
basis of these results, that fecal shedding of
LI began 2 to 8 weeks previously, and timing
of antibiotic treatment or vaccination for
LI in the herd should be based on this
estimate.

Knittel et al,22 using a pure culture
challenge model and the IFAT, reported
seroconversion at 14 days post challenge
and PCR-positive fecal samples at 7 days
post challenge. In this cross-sectional study,
there was a longer shedding-to-
seroconversion interval that varied from

herd to herd. This variability may be
related to pathogen load, antimicrobials
used, testing accuracy, pig flow, or other
risk factors.

In herds housing multiple cohorts of pigs,
the shedding-to-seroconversion interval
was less variable and the seroconversion
rate was higher than in herds housing fewer
cohorts of pigs. This suggests a longer but
less intense exposure to LI at a younger age
in herds with low-to-moderate seroconversion
rates compared to herds categorized as
having a high seroconversion rate.

If the temporal relationship of fecal shedding
(detected by PCR) and seroconversion (de-
tected using the IPMA) is known, practi-
tioners can better understand and control
LI transmission within a farm. With some
limitations, serological testing provides an
estimate of the age when LI is being shed
and causing widespread exposure in a herd.
Use of this knowledge to more accurately
schedule antimicrobial placement and vac-
cination in a herd will improve control of
LI.

Implications
• Under field conditions, serological

testing for LI on a large scale is
necessary to detect seroconversion in
the youngest cohort of growing pigs.

• Results of serological testing may be
used to estimate the age at which fecal
shedding of LI occurs in growing pigs,
but the estimate must be interpreted
cautiously.

• In this cross-sectional study in nine
herds, the interval between the
youngest age at detection of fecal
shedding of LI by PCR and serocon-
version (IPMA) ranged from 2 to 8
weeks.

• Although fPCR provides a better
estimate of the age at which LI is
being shed in a herd, compared to
serological testing, concurrent use of
the IPMA and fPCR provides the best
evidence of fecal shedding and
exposure to LI within a herd.
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