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Intestinal lesions caused by a strain of Chlamydia suis in
weanling pigs infected at 21 days of age

Douglas G. Rogers, Arthur A. Andersen

Abstract. The objective of this study was to determine whether a strain of Chlamydia suis shown previously
to be an intestinal pathogen in gnotobiotic piglets could cause diarrhea and intestinal lesions in young weanling
pigs. Pigs from 2 sows were randomly assigned to 2 groups. Group 1 included 13 pigs that were weaned at 24
hours of age and then housed in isolator units and fed milk replacer and unmedicated starter ration. Group 2
included 8 pigs that nursed their respective sows, consumed unmedicated starter ration, and were weaned at 21
days of age. Ten pigs in group 1 and 6 pigs in group 2 were inoculated orally with 4 3 108 inclusion-forming
units of C. suis strain R27 at 21 days of age. Control pigs were inoculated with sham inoculum. The pigs were
necropsied 5–14 days postinoculation (DPI). None of the Chlamydia-infected pigs developed diarrhea. Villus
atrophy was seen histologically in sections of ileum from Chlamydia-infected pigs in both groups 5 and 7 days
DPI. Lymphangitis and multiple lymphohistiocytic and neutrophilic aggregates were seen in the submucosa,
tunica muscularis, and serosa of the distal jejunum, ileum, and colon from Chlamydia-infected pigs in both
groups 5–14 DPI. Immunostaining of sections of distal jejunum, ileum, and colon from infected pigs revealed
chlamydial antigen in intestinal epithelium and in foci of lymphangitis/inflammation. The results indicated that
C. suis strain R27 can cause intestinal lesions in young weanling pigs, and the lesions are similar to those seen
in gnotobiotic piglets. The results also indicated that strain R27 causes asymptomatic intestinal infections in
young weanling pigs, at least under the conditions of this study.

Intestinal chlamydial infections are common in
swine,10,16,17 and the prevalence of these infections in-
creases after pigs are 3–4 weeks of age.10,17 A number
of chlamydial strains have now been isolated from the
intestines of swine.4–6,12 Virtually all pigs have sero-
logic titers to 1 or more of these strains by 8 weeks
of age (Anderson et al., unpublished data). Swine
strains analyzed thus far are phylogenetically related
to human Chlamydia trachomatis strains, but they can
be differentiated by genetic analysis.4 Recent revisions
in chlamydial taxonomy have placed the swine strains
in the new species Chlamydia suis.4

Although chlamydiae have been isolated from or de-
tected in the intestines of diarrheic swine,9,10,17 the re-
sults of several field surveys suggest that most intes-
tinal chlamydial infections are asymptomatic.10,16,17

The objective of the present study was to determine
whether a chlamydial strain originally isolated from
diarrheic nursery pigs could cause intestinal lesions
and diarrhea in young weanling pigs. This chlamydial
strain has been previously shown to be an intestinal
pathogen in gnotobiotic piglets.11

Materials and methods
Isolation of chlamydiae. Fecal swab and intestinal speci-

mens collected at necropsy from 2 6-wk-old diarrheic pigs
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were processed for the isolation of chlamydiae as previously
described.13,15 Chlamydial isolates were analyzed by poly-
merase chain reaction (PCR) amplification of the major outer
membrane protein genome using the primers and basic tech-
niques as reported previously.2 The PCR product was veri-
fied by electrophoresis in 1.5% agarose. The product was
then digested with the Alu I restriction endonuclease for re-
striction fragment length polymorphism analysis. Resulting
fragments were electrophoresed on a 4% low-melting-point
agarose gel and stained with ethidium bromide. One of the
2 distinct chlamydial strains isolated was designated R27.

Chlamydial inoculum. Chlamydia suis strain R27 was
grown in confluent Vero cell monolayers and harvested as
previously described.13 Chlamydiae were concentrated ap-
proximately 10-fold by pelleting in a centrifuge and resus-
pending in sucrose-phosphate-glutamine buffer.15 The inoc-
ulum was stored in ampules at 270 C. The dosage of in-
oculum was determined to be approximately 1010 inclusion-
forming units (IFU)/ml by titration in 24-hr Vero cell
monolayers grown in 96-well multiwell dishes. Immediately
prior to the inoculation of pigs, frozen stock inoculum (1010

IFU/ml) was allowed to thaw, and serial dilutions were made
in sterile phosphate-buffered saline (PBS). The final dosage
of diluted inoculum was approximately 4 3 108 IFU/ml. One
milliliter of diluted inoculum was then added to 4 ml of
sterile PBS, and this solution was used to inoculate pigs.
Sham inoculum was prepared in an identical manner from
uninfected cell culture lysates.

Sows. Two multiparous pregnant sows at 110 days of ges-
tation were obtained from a private source. The sows were
determined to be seronegative for pseudorabies and porcine
reproductive and respiratory syndrome viruses immediately
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prior to transfer to the University of Nebraska–Lincoln. The
sows were housed in standard farrowing facilities that had
been scrubbed and rinsed with dilute chlorhexidinea solution
and subsequently sealed and fumigated for 24 hr with form-
aldehyde gas.14 Serum for the detection of chlamydial anti-
bodies1 was collected from each sow prior to farrowing.
Vaginal and fecal swab specimens were collected from each
sow at farrowing and processed for the isolation of chla-
mydiae as previously described.13

Pigs and experimental design. Twenty-one newborn pigs
were identified by ear tags, and each pig was given 200 mg
of iron dextran intramuscularly after they had nursed their
respective sows for 24 hr. The needle teeth of each pig also
were clipped at that time.

Thirteen randomly selected pigs designated as group 1
were weaned from their respective sows after they had
nursed for 24 hr. The pigs were scrubbed with dilute chlor-
hexidinea solution and dried.14 They were then placed into
stainless steel isolator units covered with flexible plastic
where they were housed for the duration of the study. The
pigs were fed sterile milk replacerb throughout the study, and
they were exposed to an unmedicated pelleted starter ration
at 10 days of age. Fecal swab specimens were collected from
each pig at 7, 14, and 21 days of age and processed for the
isolation of chlamydiae as reported earlier.13

The remaining 8 pigs, designated as group 2, were al-
lowed to nurse their respective sows until they were 21 days
of age. While nursing, the pigs had access to nipple-type
waterers, and they were allowed access ad libitum to an un-
medicated pelleted starter ration at 10 days of age. Fecal
swab specimens were collected from each pig at 7, 14, and
21 days of age and processed for the isolation of chlamydiae
as previously described.13 The pigs were weaned onto raised
decks with wire mesh flooring when they were 21 days of
age. Once weaned, the pigs had access to nipple-type wa-
terers, and they were fed an unmedicated pelleted starter
ration.

Pig serology and inoculation. Serum for the detection of
chlamydial antibodies1 was collected from each group-1 and
group-2 pig just prior to inoculation at 21 days of age. Using
a plastic syringe, 10 group-1 pigs and 6 group-2 pigs were
then inoculated orally with strain R27 (4 3 108 IFU). Three
group-1 pigs and 2 group-2 pigs received sham inoculum in
an identical manner. Sham-infected group-1 pigs were
housed together in a single isolator unit. Sham-infected
group-2 pigs were housed separately from the Chlamydia-
infected group-2 pigs.

Necropsy and histopathology. Pigs were monitored for
diarrhea, dehydration, and lethargy 3 times daily. Rectal
temperatures were recorded just prior to necropsy. Necrop-
sies were done immediately after euthanasia.

Tissue specimens from the following anatomic sites were
collected from each pig for histopathology (number of sam-
ples/site): duodenum (2), proximal jejunum (8), midjejunum
(8), distal jejunum (8), ileum (8), cecum and proximal spiral
colon (4), and distal spiral colon (4). Specimens were fixed
in neutral-buffered 10% formalin, routinely processed, em-
bedded in paraffin, sectioned at 4 mm, stained with hema-
toxylin and eosin (HE), and examined by light microscopy.

Reisolation of chlamydiae, bacteriology, virology, and

parasitology. Fecal swab specimens and specimens of du-
odenum, jejunum, ileum, and spiral colon from all pigs were
processed for the isolation of chlamydiae as previously de-
scribed.13 Specimens of jejunum, ileum, and spiral colon
from all pigs were processed for aerobic and anaerobicc bac-
teriologic culture.13 Specimens of jejunum and ileum from
all pigs were examined for rotavirus (RV) and transmissible
gastroenteritis virus (TGEV) by fluorescent antibody tech-
niques. Feces from all pigs were examined for viruses by
negative contrast electron microscopy and for coccidial oo-
cysts by flotation.

Immunohistochemistry. After histologic examination, 4–8
paraffin-embedded specimens each of distal jejunum, ileum,
and cecum/colon from each principal pig were processed for
immunohistochemistry. Two specimens from each of these
anatomic sites were processed from each of the respective
age-matched, sham-infected control pigs. Sections were cut
at 4 mm and attached to glass microslides that had been
precoated with poly-L-lysine.d After deparaffinization and re-
hydration, sections were washed 3 times in buffer and then
stained using a labeled streptavidin–biotin (LSAB) alkaline
phosphatase technique. The staining procedure was done
with an automated immunostainere and used the washing
buffer and rinsing times recommended by the manufacturer.
The automated procedure was done as follows: 0.05% pro-
teasef digestion (10 min), rinse, blocking antibody (10 min),
primary polyclonal (rabbit origin) anti-Chlamydia antibody13

diluted 1:1,000 (30 min), rinse, biotinylated secondary an-
tibodyg (10 min), rinse, streptavidin–alkaline phosphataseg

(10 min), and substrate–chromagen solutionh (up to 30 min).
Performance controls incorporated into each staining pro-
cedure included the substitution of an irrelevant antibody for
the primary antibody in the staining procedure (serum con-
trol), the staining of sections of gnotobiotic piglet lung that
had large numbers of chlamydiae (positive tissue control),
and the staining of counterpart tissue specimens from age-
matched, sham-infected pigs (negative tissue control). After
immunostaining was completed, sections were placed in an
automated staineri and stained with hematoxylinj (5.5 min),
rinsed, clarifiedj (1.5 min), rinsed, exposed to a bluing re-
agentj (2 min), dehydrated in graded alcohols,j and cleared
in xylene. Coverslips were mounted with water-insoluble
medium, and sections were examined by light microscopy.

Results

Both sows were seropositive for chlamydial anti-
bodies prior to farrowing, and all pigs were seroposi-
tive for chlamydial antibodies prior to inoculation.
Chlamydiae were not isolated from vaginal or fecal
swab specimens collected from the sows at farrowing,
and they were not isolated from fecal swab specimens
collected from the pigs prior to inoculation. All pigs
had started consuming unmedicated starter ration by
15 days of age.

Clinical signs and necropsy findings. The necropsy
schedule is shown in Table 1. None of the Chlamydia-
infected or sham-infected pigs exhibited clinical symp-
toms during the study. Rectal temperatures of the
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Figure 1. Ileum from pig inoculated with C. suis strain R27; 7
days postinoculation. Note atrophy of villi and domes (D) overlying
Peyer’s patches (PP). HE.

Figure 2. Ileum from pig inoculated with C. suis strain R27; 7
days postinoculation. A cluster of predominantly neutrophils in the
submucosa (arrowheads) is surrounded by mixed inflammatory cells.
HE.

Figure 3. Ileum from pig inoculated with C. suis strain R27; 7
days postinoculation. Lymphohistiocytic and neutrophilic aggregates
in the submucosa (large arrows). Inflammatory cells have infiltrated
into the subjacent tunica muscularis (TM; small arrows) and serosa
(arrowheads). Peyer’s patch (PP). HE.

Chlamydia-infected pigs did not differ from those of
the sham-infected pigs.

Chyle was absent or had a patchy distribution in
mesenteric lymphatics draining the ilea of Chlamydia-
infected pigs necropsied 5 and 7 days postinoculation
(DPI). Ceca from these pigs had watery brown or yel-
low-brown contents, but contents became progressive-
ly formed and solid in the spiral colons and rectums.

There were no gross lesions in the Chlamydia-in-
fected pigs necropsied 10–14 DPI or in any of the
sham-infected pigs.

Histopathology. There were no histologic lesions in
sections of intestine from the sham-infected pigs. Ilea
from Chlamydia-infected pigs in both groups necrop-
sied 5 and 7 DPI were characterized by moderate mul-
tifocal to diffuse villus atrophy (Fig. 1). Epithelium
lining blunted, atrophic villi was attenuated or low co-
lumnar to cuboidal. Scattered villi had dilated lacteals,
and small to moderate numbers of neutrophils had in-
filtrated the villus lamina propria. Crypts had increased
numbers of mitotic figures and occasionally were filled
with neutrophils. Villus atrophy or other villus lesions
were not seen in Chlamydia-infected pigs necropsied
10–14 DPI.

Chlamydia-infected pigs consistently had lymphan-
gitis, perilymphangitis, and discrete, multifocal lym-
phohistiocytic aggregates in the submucosa, serosa,
and occasionally in the tunica muscularis of the distal
jejunum, ileum, cecum, and spiral colon. These lesions
also were present in the midjejunum from several pigs.
Foci of inflammatory cell infiltrates in infected pigs
necropsied 5–10 DPI were generally characterized by
clusters of predominantly neutrophils surrounded by

macrophages, lymphocytes, plasma cells, and occa-
sional eosinophils (Fig. 2). These inflammatory lesions
were mild (Fig. 2) to severe (Fig. 3) and extended from
the submucosa through the tunica muscularis and into
the serosa in sections of distal jejunum and ileum (Fig.
3) from several pigs. Mild to severe lymphohistiocytic
to neutrophilic-lymphohistiocytic lymphangitis and
perilymphangitis were present in infected pigs necrop-
sied 5–10 DPI (Fig. 4). Lymphangitis and perilym-
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Figure 4. Ileum from pig inoculated with C. suis strain R27; 10
days postinoculation. Severe lymphangitis and perilymphangitis in
the submucosa. Note valve of lymph vessel (arrow). HE.

Figure 5. Spiral colon from pig inoculated with C. suis strain
R27; 14 days postinoculation. Perilymphatic fibrosis (arrowheads).
HE.

Figure 6. Ileum from pig inoculated with C. suis strain R27; 7
days postinoculation. Barely discernible coccobacilli resembling
chlamydiae are in cytoplasmic vacuoles in villus enterocytes (ar-
rows). HE.

phangitis were lymphohistiocytic and mild in infected
pigs necropsied 12 and 14 DPI, and perilymphatic fi-
brosis was occasionally seen in these pigs (Fig. 5).

Intracellular structures consistent with chlamydiae
were rarely seen in intestinal sections from the infected
pigs, regardless of when they were necropsied. When
present, these structures appeared as finely granular
basophilic material or as barely discernible coccoba-
cilli in cytoplasmic vacuoles in villus enterocytes (Fig.
6) and in superficial cecal/colonic epithelial cells.

Immunohistochemistry. Immunostaining of sections
of distal jejunum and ileum from Chlamydia-infected
pigs necropsied 5 and 7 DPI revealed a small amount
of chlamydial antigen in villus enterocytes, in villus
lamina propria, in foci of lymphangitis and perilym-
phangitis, and in foci of inflammation in the submu-
cosa (Fig. 7) and serosa. Small amounts of chlamydial
antigen with a similar distribution were seen in the
distal jejunum and ileum from infected pigs necropsied
10–14 DPI, but repeated attempts at immunostaining
were occasionally required to find antigen. Small to
moderate amounts of chlamydial antigen were consis-
tently seen in superficial epithelial cells (Fig. 8) and
lamina propria of the ceca and spiral colons from in-
fected pigs necropsied throughout the study. Small
amounts of chlamydial antigen were seen in foci of
lymphangitis and perilymphangitis and in foci of in-
flammation in the submucosa and serosa at these sites
in infected pigs necropsied 5–10 DPI. However, re-
peated attempts at immunostaining were occasionally
required to find antigen. Chlamydial antigen was not
detected in intestinal sections from the sham-infected
pigs.

Microbiology and parasitology. Chlamydiae were
reisolated from fecal swab specimens and from spec-
imens of ileum and spiral colon from all principal pigs,
but they were not isolated from specimens from the
sham-infected pigs.

Escherichia coli was isolated from intestinal speci-
mens from all principal and sham-infected pigs; Ba-
cillus sp., Klebsiella pneumoniae, and coagulase-neg-
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Figure 7. Ileum from pig inoculated with C. suis strain R27; 7
days postinoculation. Chlamydial antigen in a focus of inflammation
in the submucosa (arrow). LSAB–alkaline phosphatase stain, he-
matoxylin counterstain.

Figure 8. Spiral colon from pig inoculated with C. suis strain
R27; 10 days postinoculation. Chlamydial antigen in superficial co-
lonic epithelium. LSAB–alkaline phosphatase stain, hematoxylin
counterstain.

ative staphylococci were isolated inconsistently. Sal-
monellae were not isolated from any of the pigs.

Fluorescent antibody tests for RV and TGEV done
on jejunum and ileum from all pigs were negative, and
viruses were not seen in feces by negative contrast
electron microscopy. Small numbers of Eimeria sp.
were seen in the feces of 1 group-2 sham-infected pig
and 1 group-2 Chlamydia-infected pig necropsied 12
and 14 DPI, respectively.

Discussion

The results of this study indicate that C. suis strain
R27 can cause intestinal lesions in weanling pigs in-
fected at 21 days of age. The lesions are similar to
those caused by strain R27 in gnotobiotic piglets ex-
cept that necrosis of villi occurred in gnotobiotic pig-
lets fed large numbers of chlamydiae.12 Lymphangitis
associated with the translocation of strain R27 across
the intestine was a consistent lesion in both the gno-
tobiotic piglets and in the weanling pigs. The foci of
inflammatory cells seen histologically in the submu-
cosa, tunica muscularis, and serosa of the weanling
pigs presumably was an extension of this process.
Similar lesions have been reported in young calves
experimentally infected with chlamydiae.3

The results also indicate that intestinal infections
with strain R27 are asymptomatic, at least under the
conditions of this study. Although chlamydiae have
been associated with diarrhea and enteritis in nursing
and young weanling pigs,9 some investigators have

speculated that a majority of intestinal chlamydial in-
fections are asymptomatic.10,16,17 The ability of chla-
mydiae to cause diarrhea and/or intestinal lesions may
depend on virulence of the strain, infectious dose of
the strain, age and immunologic status of the pig,7,16

and presence of other intestinal pathogens.11 Age of
the pig when infected with C. suis is probably impor-
tant because enterocyte replacement in the small in-
testine requires 7–10 days in neonatal pigs but requires
only 2–4 days in pigs 3 weeks of age.8 In an experi-
ment similar to that reported here, strain R27 did not
cause intestinal lesions in weanling pigs inoculated at
5 weeks of age (Rogers et al., unpublished data), and
this finding further supports the age-dependency con-
cept. In addition, the dose of chlamydiae to which neo-
natal pigs are exposed is probably important because
dose-related responses were seen when strain R27 was
fed to gnotobiotic piglets.12 In that study, strain R27
caused diarrhea and villus atrophy when 106 IFU were
fed to the piglets, and it induced anorexia, recumben-
cy, and necrosis of villi when 109 IFU were fed. Ne-
crosis of villi has been reported in diarrheic nursing
pigs naturally infected with chlamydiae.9

After nursing for 24 hours after farrowing, group-1
pigs were reared in isolator units to minimize exposure
to any pathogens shed by the sow. The lesions caused
by strain R27 in group-1 pigs were indistinguishable
from those in group-2 pigs that had nursed their sows
prior to inoculation. Two group-2 pigs became infected
with Eimeria sp., but there were no clinical symptoms
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or lesions in these pigs that indicated the coccidia were
pathogenic. There also was no clinical or histologic
evidence that the E. coli isolated from all pigs was
pathogenic.

The degree to which humoral immunity protects
pigs against intestinal chlamydial infections or con-
tributes to the resolution of chlamydiae-induced le-
sions is unknown. The fact that pigs in both groups
were seropositive for chlamydial antibodies prior to
inoculation suggests that humoral immunity is not pro-
tective. Results of a recent survey indicate that chla-
mydial antibodies in swine sera are common, but they
are strain specific (Andersen et al., unpublished data).

From a diagnostic perspective, the lesions seen in
the young weanling pigs in this study are not patho-
gnomonic for chlamydial enteritis. Villus atrophy in
the ileum could indicate a viral etiology or coccidiosis,
and arriving at a diagnosis of chlamydial enteritis
could be difficult. However, the immunohistochemical
detection of chlamydial antigen in foci of lymphan-
gitis, a lesion consistent with C. suis infection, and
failure to demonstrate the presence of other agents
should be evidence that C. suis also caused villus at-
rophy. Only small amounts of chlamydial antigen were
detected in ileal lesions from infected pigs in this
study, and repeated immunostaining was occasionally
required to detect it. Because chlamydial antigen was
detected most consistently in sections of colon from
the infected pigs, concurrent immunohistochemical
evaluation of colon could aid in diagnosis when chla-
mydial antigen is not detected in ileal lesions and the
presence of other agents cannot be demonstrated. Fluo-
rescent antibody techniques might be employed in lieu
of immunohistochemistry, but positive results would
have to be interpreted in accordance with histologic
findings and the presence or absence of other agents.
Although many diagnostic laboratories do not routine-
ly attempt chlamydial isolation from swine intestinal
and/or fecal specimens, positive results would again
have to be interpreted in accordance with histologic
findings and the presence or absence of other agents.

The results of this study suggest that C. suis strain
R27 by itself probably is not an economically signif-
icant intestinal pathogen in young weanling pigs.
However, the fact that this strain can cause intestinal
lesions that mimic those caused by other pathogens
should be considered when examining sections histo-
logically. There also is the possibility that strain R27
and other chlamydial strains could act in a synergistic
fashion to exacerbate intestinal infections caused by
more significant pathogens.11
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