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RESUMO.- [Infecção de pardais (Passer domesticus) e 
diferentes linhagens de camundongos com Lawsonia 
intracellularis.] A susceptibilidade de pardais (Passer do-
mesticus) e linhagens de camundongos (Swiss, BALB / C, 
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The susceptibility of sparrows (Passer domesticus) and strains of mice (Swiss, BALB/c, 
C-57 and DB-A) to Lawsonia intracellularis infection was studied. Thirty-two sparrows 
were inoculated with pure culture of L. intracellularis and eleven received sham inoculum. 
Feces were collected on -1, 7, 14 and 21 days post infection (dpi) for detection of L. intra-
cellularis by PCR. After 21 days, all sparrows were euthanized and the tissues processed 
for histology and immunohistochemistry (IHC). One hundred sixty mice of four different 
strains (n=40, per strain) were used. For each mouse strain, 16 animals received mucosa 
homogenate from a pig infected with L. intracellularis, 16 received pure culture of L. intra-
cellularis and eight animals received sham inoculum. Two control and four inoculated mice 
from each group were euthanized on 7, 14, 21 and 28 dpi. Sections of intestine were col-
lected for histologic analysis and IHC and pooled feces were collected for L. intracellularis 
PCR. None of the sparrows had any histologic lesions characteristic of proliferative entero-
pathy or antigen labeling by IHC. All sparrow fecal samples were negative by PCR. All mice 
strains studied had histopathological lesions typical of PE and IHC labeling consistent with 
L. intracellularis infection, especially those animals inoculated with pure culture. The most 
severe lesions were observed in DB-A and Swiss mice. Fecal shedding was detected in all 
mice strains, with peak at 14 dpi. We conclude that sparrows do not seem to be relevant in 
the epidemiology of L. intracellularis. The results showed variations in the lesions among 
the four mice strains used.
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C-57 e DB-A) à infecção por L. intracellularis foi testada. 
Trinta e dois pardais foram inoculados com cultura pura 
de L. intracellularis e onze receberam placebo. As fezes fo-
ram coletadas nos dias -1, 7, 14 e 21 após a infecção (dpi) 
para a detecção de Lawsonia intracellularis por PCR. Após 
21 dias, todos os pardais foram eutanasiados e os tecidos 
processados para a realização da histologia e imuno-histo-
química (IHQ). Cento e sessenta camundongos de quatro 
linhagens diferentes (n=40, por linhagem) foram utiliza-
dos. Para cada linhagem de camundongo, 16 receberam 
homogeneizado de mucosa preparado a partir de um suíno 
infectado com L. intracellularis, 16 receberam cultura pura 
de L. intracellularis e oito animais receberam placebo. Dois 
camundongos controle e quatro camundongos inoculados 
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de cada grupo foram sacrificados aos 7, 14, 21 e 28 dpi. Se-
ções de intestino foram coletadas para análise histológica 
e IHQ e amostras de fezes foram coletadas para a realiza-
ção da PCR para detecção de L. Intracellularis. Nenhum dos 
pardais apresentou lesões histológicas características da 
enteropatia proliferativa ou marcação positiva por meio 
da IHQ. As amostras de fezes dos pardais foram negativas 
na PCR. Todas as linhagens de camundongos estudadas ti-
nham lesões histopatológicas típicas de enterite proliferati-
va e IHQ positiva para a infecção por L. intracellularis, espe-
cialmente aqueles animais inoculados com a cultura pura. 
As lesões mais graves foram observadas em camundongos 
DB-A e Swiss. A eliminação fecal foi detectada em todas as 
linhagens de camundongos, com pico 14 dpi. Conclui-se 
que os pardais não são relevantes na disseminação da L. in-
tracellularis. Os resultados mostraram variações nas lesões 
entre as quatro linhagens de camundongos utilizadas, indi-
cando o potencial risco que os camundongos representam 
na transmissão de L. Intracellularis.

TERMOS DE INDEXAÇÃO: Lawsonia intracellularis; camundongo, 
Mus musculus, pardais, Passer domesticus, infecção experimental.

INTRODUCTION
Lawsonia intracellularis is a Gram-negative, obligate intra-
cellular bacterium that causes proliferative enterophaty 
(PE) in pigs (McOrist et al. 1995, Gebhart & Guedes 2004, 
Kroll et al. 2005), and in many other animal species (Coo-
per & Gebhart 1998). PE is characterized macroscopically 
by intestinal mucosal thickening and histopathologically by 
mucosal hyperplasia, mainly in the ileum but also in the ce-
cum and colon (Lawson & Gebhart 2000).

PE causes important economic losses in the swine in-
dustry around the world (Jacobson et al. 2010). In the acute 
and chronic forms, losses are represented by reduced wei-
ght gain and diarrhea in affected pigs, costs associated with 
control and mortality in young adults and animals close to 
market age. The subclinical form induces significant decre-
ase in performance of infected animals (Lawson & Gebhart 
2000). Diagnosis of L. intracellularis infection is based on 
PCR assay of fecal or intestinal samples, detection of spe-
cific IgG in serum, and by in situ hybridization, histopatho-
logy and immunohistochemical examination of formalin-fi-
xed samples of intestines for the detection of intracellular 
bacteria in epithelial cells (Guedes & Gebhart 2003b).

Little is known about the epidemiology of this disease (Ja-
cobson et al. 2010). It is of great interest to establish possible 
mechanisms of transmission of L. intracellularis (Guedes & 
Gebhart 2003b). Subclinically affected pigs are the main sour-
ce of infection to susceptible animals, however, outbreaks of 
PE on farms never before populated or replaced with animals 
from farms with no clinical history of the disease have been 
discussed (Collins et al. 2011). Recently, a study demonstra-
ted the risk that rodents pose in the transmission of L. intra-
cellularis to naive pigs and highlights the need for PE eradi-
cation programs to focus on the removal of rodents from pig 
farms (Coolins et al. 2011). Still exist the possibility that wild 
animals or birds, acting as vectors in spreading the disease 
among farms (Friedman et al. 2008, Pusterla et al. 2008).

There have been reports of PE in birds, such as the emu 
(Dromaius novaehollandiae) (Lemarchand et al. 1997) and 
ostrich (Struthio camelus) (Cooper et al. 1997, Cooper & 
Gebhart 1998). Pusterla et al. (2008) studied the occurren-
ce of L. intracellularis in Brewer’s Blackbird (Euphagus cya-
nocephalus), but did not find evidences of infection in this 
species. To the best of our knowledge, there is no other stu-
dy evaluating L. intracellularis infection in Passeriformes.

Rats and mice represent a potential reservoir, particu-
larly for pigs, where the environment is likely to be coha-
bited by rodents (Collins et al. 2011, Pusterla et al., 2012). 
The susceptibility of laboratory mice to L. intracellularis 
was proven by experimental infection (Smith et al. 2000) 
however, the occurrence of PE lesions varies among diffe-
rent mouse strains. For instance, A/J mice (Murakata et 
al. 2008), C57BL/6, BALB/c (Go et al. 2005, Collins et al. 
1999) and ICR (Go et al. 2005) were reported not to exhibit 
signs of infection. However, Murakata et al. (2007) showed 
that there are differences with respect to the establishment 
of lesions of PE in mice according to the type of inoculum 
used. This study demonstrated that mice inoculated with 
intestinal mucosa homogenate extracted from PE-affected 
rabbits had more severe lesions than those inoculated with 
pig intestinal homogenate. Therefore, the susceptibility of 
mice seems to be related to the lineage of animals and the 
type of inoculum used.

The susceptibility of sparrows (Passer domesticus) to 
L. intracellularis infection after experimental inoculation 
with pure culture was evaluated in order to access the 
potential epidemiological importance of Passeriformes in 
the transmission of the bacteria. The establishment of a L. 
intracellularis challenge model in different strains of mice 
(BALB/c, C57, DB/A2 and Swiss) using intestinal mucosa 
homogenate extracted from PE-affected pigs and pure cul-
ture of the bacteria as inoculum was also studied.

MATERIALS AND METHODS
Hamsters, sparrows and mice

Initially, a hamster bioassay was performed in order to de-
monstrate the pathogenicity of the Lawsonia intracellularis pure 
culture inoculum. Eight 18-day-old hamsters weighing 18.5g on 
average from the vivarium of the Universidade Federal de Mi-
nas Gerais were used. All hamsters were housed in plastic boxes 
(30x20x13 cm) receiving commercial diet and water ad libitum.

Forty-three adult sparrows (Passer domesticus), weighing 
21.89g±1.342 were captured in the metropolitan area of Belo Ho-
rizonte, Brazil, without distinction of sex or age. All animals were 
kept in individual cages (40x19x35 cm) and received food and 
water ad libitum.

Forty 3 to 4-week-old, male mice weighing 13.6g±2.341 from 
each of the four strains (BALB/c, C57, DB/A2 and Swiss) were 
used. All animals were housed in plastic cages (30x20x13 cm), 
with eight animals per cage, receiving food and water ad libitum. 
All mice were acclimatized for one week before inoculation. All 
experiments were conducted in accordance with the Universida-
de Federal de Minas Gerais Ethics Committee (document number 
9/2003 and 162/2008, respectively).

Pure culture and intestinal homogenate inoculum
The L. intracellularis isolate PHE/MN1-00 (ATCC PTA-3457), 
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originally isolated from a pig with the hemorrhagic form of PE in 
the U.S., was used as inoculum for hamsters, sparrows and mice. 
Bacteria were grown in McCoy cells (ATCC CRL 1696), as pre-
viously described (Guedes & Gebhart 2003a, Guedes & Gebhart 
2003b, Guedes & Gebhart 2003c). Briefly, from frozen stocks of 
the bacteria, L. intracellularis was passed in cell culture up to 
nine passages. Cells were then lysed and a bacterial suspension 
was prepared in sucrose-potassium-glutamate (SPG) buffer with 
5% fetal calf serum (FCS). Aliquots of this suspension containing 
approximately 7.75 x 107 L. intracellularis per ml were stored at 
-80°C and thawed immediately prior to inoculation of hamsters, 
sparrows and mice.

Before preparing the mucosa intestinal homogenate from a 
pig naturally infected, L. intracellularis infection was confirmed in 
tissue samples by histology and immunohistochemistry (Guedes 
& Gebhart 2003b). PE-affected swine intestines were utilized for 
the preparation of the intestinal homogenate inoculum. The intes-
tines were rapidly thawed in warm water and the mucosa scraped 
using clean glass slides. The scraped mucosa was combined with 
SPG and homogenized in a blender for 2 min. Then, the inoculum 
was aliquoted and kept at -80°C until use. Aliquots of suspensions 
containing approximately 8.9x108 L. intracellularis per mL were 
thawed and used on the day of inoculation. Pathogenicity of L. in-
tracellularis present in the intestinal homogenated was evaluated 
and demonstrated in a previous study conducted by our group 
that used the same material (Vanucci et al. 2010).

Quantification of pure culture and intestinal homogenate ino-
cula was accomplished by preparing 10 fold serial dilutions of 
the inoculum in phosphate buffered saline (PBS), coating 15-well 
glass slides with 10ml of each dilution, drying at 37°C, fixing with 
cold acetone and staining by indirect immunoperoxidase using a 
polyclonal antibody specific for L. intracellularis (Guedes & Ge-
bhart, 2003c). The numbers of organisms were counted under 
light microscopy.

Experimental design
Hamster control for pathogenicity. Each of the five hams-

ters was orally inoculated with 0.5mL of pure culture of L. intra-
cellularis PHE/MN1-00 (ATCC PTA-3457), containing approxima-
tely 7.75 x 107 organisms per mL. The three remaining hamsters 
received SPG as a sham inoculum. All animals were euthanized 28 
dpi after inoculation and the infection was evaluated in the ileum, 
cecum, colon and rectum.

Sparrows. On day 0 (D0) 32 sparrows were inoculated by 
the oro-esophageal route with 0.5 ml of pure culture of L. in-
tracellularis using a urethral probe (Nº 4) attached to a syringe. 
Eleven sparrows in the control group were inoculated with SPG 
(sham inoculums) in the same way on D0. Fecal samples were 
collected from each sparrow at -1, 7, 14 and 21 dpi. In order 
to collect fecal samples, the bottoms of the cages were covered 
with plastic for a period of 8 hours, and then the fecal material 
collected and stored at -20oC until tested by PCR. On day 21 post 
inoculation all animals were euthanized, necropsied. The liver, 
gizzard and all intestinal segments were immediately collected 
for histology.

Mice. From each of the four mice strains, 16 animals were 
inoculated with 0.5ml of pure culture of L. intracellularis, 16 with 
0.5ml of intestinal homogenate and eight with SPG (sham inocu-
lum) using an intragastric gavage. Four mice from each infected 
and two from the control groups were humanely euthanized for 
post mortem evaluation at 7, 14, 21 and 28 dpi. Intestinal samples 
(duodenum, jejunum, ileum, cecum and colon) were immediately 
collected after euthanasia for histological examination. Fecal sam-
ples were taken in the same days of euthanasia by transferring 

mice to clean plastic cages with no bedding for a period of two 
hours. A pool of fecal samples was collected from each cage and 
stored at -20°C for further analysis.

Histology and immunohistochemistry
Tissue samples from sparrows, hamsters and mice were fixed 

in 10% neutral buffered formalin, embedded in paraffin wax, and 
sectioned (5mm). One section was stained with haematoxylin 
and eosin (HE) and another by immunohistochemistry (IHC) 
with polyclonal antibody specific to L. intracellularis (Guedes & 
Gebhart 2003c) using the method of peroxidase-labeled Strepta-
vidin (Dako, Corporation, LSAB+, cat. K0690). Positive immunore-
activity was detected with 3-amino-9-ethyl-carbazol (AEC) (Dako, 
Corporation, AEC Substrate-Chromogen, cat. K3464).

Histologic lesions were scored according to the intensity: 0, 
none; 1, mild; 2, moderate; and, 3, severe. An identical scoring 
system was used to record the degree of immunolabelling of L. 
intracellularis antigen.

PCR technique
Sparrows. DNA was extracted from feces according to Boom 

et al. (1990). Primers A and B with a 310 bp product were used for 
the PCR assay (Jones et al. 1993). PCR products were separated on 
1% agarose gel stained with ethidium bromide.

Mice. DNA extraction from fecal samples was also performed 
according to Boom et al. (1990). A nested PCR assay according 
Jones et al. (1993) was performed in order to improve the sensi-
tivity. Saline solution was used as negative control in all reactions 
and a sample of pure culture of L. intracellularis was used as a 
positive control. PCR products were separated on 1% agarose gel 
stained with ethidium bromide.

RESULTS
Hamsters

One of the hamsters inoculated with pure culture had 
10cm of intestinal macroscopic changes suggestive of PE, 
subsequently confirmed by HE and IHC. The other four ha-
msters inoculated with pure culture of Lawsonia intracellu-
laris had hyperplasia of enterocytes and the antigen was 
detected by IHC, confirming the pathogenicity of the inocu-
lum. No sign of infection by L. intracellularis was observed 
in control animals.

Sparrows
No clinical signs or macroscopic lesions were obser-

ved in the liver, gizzard and intestinal segments. Sparrows 
inoculated with the pathogenic isolate of L. intracellularis 
had no histological lesions compatible with PE. Two ani-
mals had focal mild positive antigen labeling detected by 
IHC in macrophages of the lamina propria of the jejunum. 
In addition, four other sparrows had mild positive label in 
the cytoplasm of macrophages in the liver. None of the fecal 
samples were positive by PCR. No sign of gross or histolo-
gical lesions, or IHC labeling or any PCR positive feces were 
observed in control animals.

Mice
Histopathology, IHQ and PCR results are summarized 

in table 1. No diarrhea or other clinical signs were obser-
ved in mice inoculated with either mucosa homogenate 
or pure culture, or sham inoculum. Macroscopically, one 
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DB-A mice inoculated with pure culture had thickening of 
the cecum and ileum wall at 14 dpi (Fig.1). All mice strains 
studied had histopathological lesions suggestive of L. in-
tracellularis infection, but the severity of the lesions varied 
among mice strains, type of inoculum and period post-ino-
culation.

The main histological lesions observed consisted of 
mild to severe multifocal proliferation of epithelial cells of 
the crypts of Lieberkühn in the small intestine (ileum) and 
mucous glands of the large intestine (cecum). The prolife-
rative lesions were more frequently observed in the cecum. 
At the tip of some intestinal villi, there was a focal prolifera-
tion of epithelial cells with ample and abundant cytoplasm. 
This lesion was common 7 dpi. Crypts were elongated and 
hyperplastic due to increased number of immature ente-
rocytes and absence of goblet cells. This lesion was obser-
ved in isolated crypts or large segments of the small and 
large intestines, especially in animals that were inoculated 

with pure culture and, less frequently, in animals inocula-
ted with mucosa homogenate. Inflammatory reaction was 
not observed in L. intracelullaris-infected mice. None of the 
control mice had any histological or immunohistochemical 
changes (Fig.2A and 2B).

Upon histological examination, BALB/C mice had mild 
lesions on 7 and 14 dpi (Fig.2C). The proliferative changes 
were more frequently seen in crypts located near Peyer’s 
patches of the cecum. The C57 strain showed mild histo-
logical alterations until 21 dpi. The lesions were most fre-
quent at 14 dpi. The DB-A mice had lesions until the end of 
the experiment (28 dpi). Lesions in this strain were more 
intense on 14 and 21 dpi. On days 7 and 28 dpi the histolo-
gical lesions were mild and observed in isolated crypts (Fig. 
2E). Swiss mice had mild lesions on 7 dpi and severe lesions 
on 14 dpi, and no change was detected after this period 
(Fig. 2G). Positive antigen labeling was observed at lesion 
sites and varied depending on the intensity of the lesion 
(mild to severe) (Table 1) (Fig.2D, 2F, 2H). Positive staining 
was observed in the tip of some intestinal villi, most often 
on 7 dpi. As the lesions were resolving, antigen detection 
in affected enterocytes decreased, becoming more frequen-
tly observed in the lamina propria and lymphoid tissue of 
Peyers patches.

Results of fecal PCR were compatible with histologic 
lesions. Swiss mice inoculated with pure culture were she-
dding L. intracellularis on D7. On day 14, Swiss mice inocu-
lated with pure culture and intestinal homogenate had fe-
cal PCR positive results. BALB/C mice inoculated with both 
types of inocula were positive by PCR only on 14 dpi. C57 
mice inoculated with pure culture shed the bacteria on 7 
and 14 dpi while those inoculated with mucosa homogena-
te were negative throughout the experiment. Pure culture 
and intestinal homogenate inoculated DB-A mice were po-
sitive by PCR on 7, 14, and 21 dpi (Table I). All control mice 
were fecal PCR negative.

Table 1. Histopathological lesions, immunohistochemical (IHC) labeling intensity and pooled fecal 
PCR results in the intestines of mice infected with mucosa homogenate or pure culture on 7, 14, 21 

and 28 days post-infection (dpi)

 Mouse Strain Histopathology a Immunohistochemistry b Fecal PCRc

  Dpi Dpi Dpi
  Inoculum 7 14 21 28 7 14 21 28 7 14 21 28

 Swiss            
  Mucosa 0/0/0/0 1/1/1/0 0/0/0/0 0/0/0/0 0/0/0/0 1/1/1/0 0/0/0/0 0/0/0/0 - + - -
  Homogenate            
  Pure culture 1/2/1/1 3/3/2/3 0/0/0/0 0/0/0/0 1/1/1/1 3/3/2/2 0/0/0/0 0/0/0/0 + + - -
 BALB/c            
  Mucosa 0/0/0/0 1/1/0/0 0/0/0/0 0/0/0/0 0/0/0/0 1/0/0/0 0/0/0/0 0/0/0/0 - + - -
  Homogenate            
  Pure culture 1/1/1/1 1/1/0/0 0/0/0/0 0/0/0/0 1/1/1/1 1/1/0/0 0/0/0/0 0/0/0/0 - + - -
 C-57            
  Mucosa 0/0/0/0 0/0/0/0 0/0/0/0 0/0/0/0 0/0/0/0 1/0/0/0 0/0/0/0 0/0/0/0 - - - -
  Homogenate            
  Pure culture 1/1/1/1 1/2/1/1 1/1/0/0 0/0/0/0 1/1/1/0 1/1/1/1 1/0/0/0 0/0/0/0 + + - -
 DB-A            
  Mucosa 1/1/1/0 1/1/1/0 1/1/1/1 0/0/0/0 1/1/1/0 1/1/0/0 1/1/1/1 0/0/0/0 + + + -
  Homogenate            
  Pure culture 1/1/2/1 3/3/2/1 2/2/2/1 1/1/0/0 1/2/1/1 3/3/2/1 1/2/2/1 1/1/0/0 + + + -
a,b Histological lesions and Lawsonia Intracellularis antigen labeling: 0 = none; 1 = mild; 2 = moderate; 3 = severe. c PCR 

results, + positive, - negative.

Fig.1. DB-A mouse inoculated with pure culture at 14 dpi. De-
monstrating thickening and roughness of the wall of the ce-
cum and ileum (arrows).
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Fig.2. (A) Ileum, Swiss mouse inoculed with sham inoculum, 7 dpi. Normal epithelial overlayer with ma-
rked number of globet cells. HE, bar = 50µm. (B) Ileum, DB-A mouse inoculed with sham inoculum, 
14 dpi. No immunohistochemical labeling is observed. IHQ, bar = 50µm. (C) Cecum, Balb mouse 
inoculated with mucosa homogenate, 14 dpi. There is mild focal hyperplasia of the intestinal crypts 
and mucosa apices (arrows). HE, bar = 50µm.  (D) Ileum, C-57 mouse inoculated with pure culture, 
7 dpi. Multifocal mild label in hyperplasic crypt (arrows head). IHQ, bar = 50µm. (E) Cecum, DB-A 
mouse inoculed with pure culture, 21 dpi. Multifocal moderate epithelial hyperplasia of crypts (ar-
rows). HE, bar = 50µm). (F) Ileum, DB-A mouse inoculed with pure culture, 21 dpi. Multifocal mode-
rate label on the crypts apice (arrows head). IHQ, bar = 50µm). (G) Ileum of Swiss mouse inoculated 
with pure culture, 14 dpi. Severe epithelial hyperplasia of crypts. The crypts have elongated cells 
with large amounts of immature enterocytes and absence of goblet cells (arrows). HE, bar = 50µm). 
(H) Ileum, Swiss mouse inoculated with pure culture, 14 dpi. Intense immunohistochemical labe-
ling (arrows head). IHQ, bar = 50µm.
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DISCUSSION
This study demonstrated the susceptibility of different 
strains of mice and the resistance of sparrows to experi-
mental Lawsonia intracellularis infection. Different animal 
species may be susceptible to a pathogen at different levels, 
especially in cases of an intracellular microorganism. In or-
der to infect host cells, the bacteria need to adhere to and 
penetrate the cell, and this requires complex mechanisms 
of cellular invasion. Then, the bacteria have to evade the 
intracellular lysosomal system and multiply in the host cell 
in order to progress the infection (Olsen et al. 2004).

Sparrows are ubiquitous species, capable of flying 6 to 
8 kilometers a day (Fitzwater 1994), and they are found in 
close contact with pigs in different production systems in 
Brazil. As a result, they may be relevant in PE epidemiolo-
gy. However, our study suggests the lack of susceptibility of 
sparrows to L. intracelullaris infection. To date, ostrich and 
emu are the only avian species reported to be naturally in-
fected with L. intracellularis. Actually, the justification of the 
cloaca evaluation in sparrows was due to the fact that this 
segment was reported to be the infection site in these avian 
species (Cooper et al. 1997, Lemarchand et al. 1997). Expe-
rimental infection studies with chickens (Gallus gallus) and 
the attempt to detect natural infection in Brewer’s Black-
birds (Euphagus cyanocephalus) resulted in no detectable 
lesion or infection (Collins et al. 1999, Pusterla et al. 2008, 
Pusterla et al., 2012).

In six sparrows slight antigen labeling was observed in 
the lamina propria of the intestine or in the liver. In these 
cases, the labeled antigen did not have the form of the in-
tact bacteria, indicating only the presence of antigenic frag-
ments thereof. It is possible that some bacteria fragments 
that were able to invade enterocytes passed through the 
cell membrane to the basal lamina propria, were interna-
lized by antigen-presenting cells and drained to lymphoid 
tissue and liver. Detection of L. intracellularis antigen in 
lymph nodes of affected animals has been reported pre-
viously (Segalés et al. 2001, Guedes & Gebhart 2003a).

All fecal samples collected from inoculated sparrows on 
-1, 7, 14 and 21 dpi were negative by PCR. These results 
are similar to another study in which chickens were expe-
rimentally infected (Collins et al. 1999). Among the hypo-
theses that could explain this phenomenon; is that the L. 
intracelllularis is not capable to cause active infection in 
sparrows, the presence of large numbers of specific inhi-
bitors of the PCR reaction in the feces or the low levels of 
shedding of bacteria in this species.

Our results demonstrate a significant variation of lesions 
and L. intracellularis infection among the four mice strains 
studied. DB-A and Swiss mice strains were the most sus-
ceptible to PE lesions, while the lesions in BALB/c and C-57 
were mild. These differences in susceptibility to infectious 
agents have been previously known, and the genetic basis 
for these differences remains to be determined (Collins et 
al. 1999, Fortier et al. 2005, Murakata et al. 2008).

A comparative study of strains isolated from different 
animal species, based on the 16S ribosomal DNA sequen-
cing of the bacteria, showed no difference between them, 
although differences in outer proteins may exist (Cooper 

& Gebhart 1998, Murakata et al. 2008). Guedes and Ge-
bhart (2003c), using monoclonal antibodies (MAbs 2001 
and IG4 MAbs) and one polyclonal antibody (1999 PABs) 
for L. intracellularis, demonstrated through Western blot 
analysis that all L. intracellularis isolates, except one strain 
from a hamster, showed reactivity for all antibodies; which 
may indicate some difference in outer membrane proteins 
of the hamster isolate. Vanucci et al (2012) demonstrated 
evidences of host adaptation in L. intracellularis infections 
in swine and horses. In their study strong lesions and clini-
cal signs were observed when the animals were challenged 
with an inoculum species specific. It was interesting to note 
the susceptibility of the Swiss mice strain, a common con-
ventional laboratory strain that has never been reported 
or described as PE susceptible or a model candidate. The 
Swiss mouse is an excellent experimental model for the 
study of infectious diseases (Fortier et al. 2005) and may in 
the future be used in trials of PE.

L. intracellularis infection is characterized by thickening 
of the intestinal mucosa and histopathologically by epithe-
lium hyperplasia (Lawson & Gebhart 2000). Both lesions 
were observed in mice in this study proving a successful in-
fection. Mice inoculated with pure culture seemed to have 
more severe histological lesions than those inoculated with 
mucosa homogenate. A previous study in pigs (Guedes & 
Gebhart 2003a), which compared pure culture and intes-
tinal homogenate as inocula, showed no differences in the 
severity of lesions or level of infection. The major advan-
tage of the pure culture inoculum is the rigid control and 
absence of any other confounding bacteria or tissue fac-
tors (Guedes & Gebhart 2003a). The success of pure cultu-
re may be explained by bacterial integrity, since there are 
more dead bacteria in the intestinal homogenate than in 
the pure culture.

Immunohistochemical examination of lesions in mice 
demonstrated an antigen labeling variation depending on 
the severity of the lesion. In pigs there is a relationship be-
tween histological lesion and immunohistochemical label 
(Lawson & Gebhart 2000, Kroll et al. 2005) and the same 
seems to happen in mice. Boutrup et al. (2010) obser-
ved that L. intracellularis could be found within epithelial 
cells on the top of the villi, indicating infection in mature 
enterocytes, implying that these cells are also a target for 
the bacterium. This may be one possible explanation for 
the presence of antigens at the apex of the villi at 7 dpi in 
small intestines of all mice strains tested. Less severe L. 
intracellular infections were more frequently observed in 
crypts, near the Peyer’s patches or located in the lamina 
propria or in the cytoplasm of macrophages. Such changes 
may contribute to the elimination of the pathogenic orga-
nisms and to the return to a normal epithelial architecture 
(Smith & Lawson 2001).

PCR is believed to be the most effective method for the 
detection of L. intracellularis in live animals (Kroll et al. 
2005). According to Jones et al. (1993), conventional PCR 
can detect as low as 103 L. intracellularis organisms per 
gram of feces. Using PCR we could demonstrate that mice 
have different shedding patterns when compared to swine. 
Pigs can shed the bacteria from seven days to over twelve 
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weeks post inoculation (Kroll et al. 2005) while DB-A mice 
shed no later than the 21 dpi, based on the present study. 
Nevertheless, typical major lesions and bacterial shedding 
occurred in mice strains 14 dpi, similar to what is described 
in pigs and rats (Collins et al. 2011, Macintyre et al. 2003).

CONCLUSIONS
There is only a limited amount of knowledge of factors 

contributing to the transmission of Lawsonia intracellula-
ris.

It was demonstrated that sparrows (Passer domesticus) 
are not infected by L. intracellularis and should not be con-
sidered a reservoir. Nevertheless, more studies have to be 
performed in different passeriform species.

On the contrary, mice strains DB-A and Swiss developed 
PE lesions and shed the bacteria, especially when inocula-
ted with pure culture.

This information can be useful for the establishment of 
an experimental model for PE infection and reinforce the 
potential risk that mice pose in the transmission of L. in-
tracellularis.
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