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Yersinia enterocofitica is enteropathogenic for man and rodents. Previous studies 

provided evidence that I! enterocofitica invades the lymphoid follicles of the Peyer’s 

patches (PP) of the small intestine. In this study I! enterocofitica-induced tissue 

alterations of the follicle-associated epithelium (FAE) and the underlying PP tissue were 
analysed by scanning (SEM) and transmission electron microscopy (TEM) as well as by 

conventional histological examination. For this purpose, an experimental mouse infection 
model including orogastric infections as well as ileal loop experiments were used. A 

rapid and selective colonisation of the FAE after orogastric yersinia infection was 

observed by SEM. TEM studies confirmed that I! enterocofitica adhered closely to the 

FAE including M cells and enterocytes. Histological studies and TEM revealed that K 

enterocofitica selectively invaded the PP via M cells but not via other cells of the FAE. 
One day after I! enterocofitica infection the FAE was altered and small micro-abscesses 

comprising yersiniae expressing the major outer-membrane protein YadA were observed 
immediately beneath the FAE. Adjacent villi were dilated from lymphangiectasis and 

transmigrating polymorphonuclear leucocytes (PMNL) were found within the epithe- 

lium. At 5-7 days after infection the FAE and parts of PP were destroyed. Profound 
alterations of the cyto-architecture of the PP were due to the enormous recruitment of 

PMNL. By day 5 after infection, abscesses were found in the mesenteric lymph nodes. 

However, TEM studies revealed evidence that I! enterocofitica may disseminate from the 

PP not only via the lymphatics but also by invasion of blood vessels. Taken together, the 
results of this study demonstrate that the FAE is the primary site of host-pathogen 
interaction in I! enterocofitica infection and that this pathogen penetrates M cells and 

subsequently induces destruction of the PP. 

Introduction 

Yersinia enterocolitica is a frequent cause of bacterial 

enteritis and enterocolitis in man [ 1,2]. Moreover, 

mesenteric lymphadenitis as well as systemic infections 

that subsequently lead to abscess formation in liver and 

spleen can occur [ 1,3,4]. Furthermore, immunopatho- 

logical sequelae such as reactive arthritis are associated 

with intestinal Y enterocolitica infection [I, 51. In the 

latter cases, chronic persistent infections including high 

serum levels of yersinia-specific IgA antibodies are 

commonly found [6]. Because I: enterocolitica is 

enteropathogenic for rodents, animal models have been 
established to elucidate the pathogenesis of yersiniosis 

[7,8]. The experimental mouse infection model is of 

major clinical relevance as yersiniosis in mice closely 

resembles human yersinia infections [9, lo]. Previous 
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studies indicated that I: enterocolitica causes abscesses 

and production of interleukin- 1 in lymphoid follicles of 

Peyer’s patches (PP) of the small intestine [7, 111. The 

latter are a part of the gut-associated lymphoid tissue 

(GALT) [12, 131. From there, yersiniae disseminate to 

mesenteric lymph nodes (MLN), spleen, liver and lungs 

[7, 101. At this phase of the infection T-cell-dependent 

immune responses are involved in the protective host 

response against this pathogen [ 10, 14-1 61. 

While yersinia-induced tissue alterations and host 

responses in the spleen and liver have been char- 

acterised extensively, the events occurring in PP 

during the early phase of the infection have rarely 

been addressed. Previous studies provided evidence 

that PP, including M cells, may be involved in 

intestinal invasion by I: enterocozitica [17, 181. M 
cells are a part of the follicle-associated epithelium 

(FAE) and specialise in the delivery of antigenic 

particles from the lumen of the gut to the lymphoid 

follicles of the PP [19-211. However, most of the 

studies addressing the invasiveness of yersiniae have 
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been performed in vitro with HeLa or HEp-2 cells. 

These studies revealed that I: enterocolitica can 

penetrate certain cell lines and that this process 

depends on two genes (inv, invasin; and ail, attach- 
ment and invasion locus) which encode for proteins 

that mediate bacterial invasiveness [22,23]. However, 

the significance of these findings is not yet clear [24]. 

In contrast to I: enterocolitica, the pathomechanisms 

and host responses to intestinal Salmonella typhimur- 

ium infection have been studied in more detail [25- 
281. A recent electron microscopic study demonstrated 

that M cells are obviously the primary site of 

interaction between S. typhimurium and the host 

[25]. Hence, this intestinal pathogen first penetrates 

and then destroys M cells of the PP [25]. The events 

occuring during this initial interaction may be 

important for the subsequent infection process. Like- 

wise, Shigella JEexneri enters M cells and then kills 

adjacent macrophages, possibly by induction of 

apoptosis [29]. Moreover, transmigrating polymorpho- 

nuclear leucocytes (PMNL) may aggravate the infec- 

tion process in shigellosis [30]. 

Whether comparable pathomechanisms may be in- 

volved in yersiniosis has not yet been investigated in 

detail. Therefore, the present study aimed to follow 

the events operating in the early phase of I: 

enterocolitica infection in the PP of experimentally 

infected mice and to characterise the yersinia-induced 

tissue alterations of the PP by electron microscopy as 

well as conventional histology. 

Materials and methods 

Mice 

Female 6-8-week-old BALB/c mice were purchased 

from Charles River Wiga (Sulzfeld) and kept in 

positive pressure cabinets under specific pathogen-free 

conditions. Mice were provided with food and water ad 

libitum. 

Bacteria and infection of animals 

Plasmid-harbouring I: enterocolitica strain WA-3 14 of 

serotype 0 8  [31] was grown at 28°C as described 

previously [ 141. Before infection the bacteria were 

washed three times with phosphate-buffered saline 

(PBS), pH 7.4, containing bovine serum albumin 0.5% 

and adjusted to the desired concentration. Before each 

experiment, mice were starved for 18 h to clear the 

contents of the bowel. Mice were infected either 

orogastrically by administering 200 p1 of a bacterial 

suspension containing 1 09-l 0" viable bacteria with a 

gastric tube or by direct injection of the bacteria into a 

ligated or non-ligated ileal loop. In the latter case, mice 

were anaesthetised before surgery by intraperitoneal 

administration of 3 mg of pentobarbital (Rhone Mer- 

ieux, Laupheim, Germany). When mice were under 

anaesthesia an incision was made through the abdom- 

inal wall and two ligations of a segment of the ileum 

containing at least two PP were performed. Then, lo9- 

10" bacteria were injected directly into the intestinal 

lumen and the abdominal wall was closed. The mice 

were kept under anaesthesia for 1-3 h before they were 

killed. The number of bacteria injected was determined 

for each experiment by plating 200 pl of serial 

dilutions of the injected bacterial suspension on 

Mueller Hinton agar and counting after incubation for 

48 h. In the experiments lasting for several days, mice 

were starved after the injection for a fhrther 4 h and 

then kept in cages with grid bottoms to avoid re- 

infection by coprophagy. 

Histology and immunohistology 

Peyer's patches and mesenteric lymph nodes were 

excised and fixed immediately in buffered paraformal- 

dehyde (Merck, Darmstadt, Germany) 2%, pH7.4, at 

4°C for 3-4 h. Then the samples were incubated in PBS 

containing saccharose 6.8% for 16 h at 4°C followed by 

incubation in acetone (Merck) for 1 h at 4°C to 

dehydrate the tissue. Finally, tissues were infiltrated 

for 6 h at 4°C and then embedded in glycolmethacry- 

late containing Technovit 8 100 (Heraeus Kulzer, 

Wehrheim, Germany) and kept on ice for 3 h during 

polymerisation according to the manufacturers' instruc- 

tions. Embedded tissues were kept at -80°C until 

further use. For immunohistology, 1 -pm thick sections 

were cut on a 2065 supercut microtome (Reichert Jung, 

NuBloch, Austria). The sections were digested for 

10 min with a solution containing trypsin (Sigma) 

0.01% and calcium chloride 0.1%, pH7.8. After 

washing steps, sections were incubated with polyclonal 

rabbit anti-yersinia antibodies (WA-v) or rabbit anti- 

yersinia outer-membrane protein YadA [32] diluted 1 in 

100 in PBS containing sheep serum 20% for 2 h at 

37°C. Then slides were washed and endogenous 

peroxidase was blocked by PBS containing Perhydrol 

(Merck) 0.06%. This was followed by washing and 

incubation with peroxidase-conjugated goat anti-rabbit 

antibodies (Dianova, Hamburg, Germany) diluted 1 in 

50 in PBS containing sheep serum 20% for 30 min at 

room temperature. The signal was developed with 3,3 

diaminobenzidine-tetra- hydroc hloride (Serva, Heidel- 

berg, Germany). Finally, sections were counterstained 

with Mayer's haemalum (Merck) and mounted in 

Entellan (Merck). Alternatively, tissues were snap 

frozen and embedded in OCT Tissue Tek compound 

(Nunc, Roskilde, Denmark). Cryosections were per- 

formed and stained with anti-yersinia WA-v or anti- 

Mac- 1 (complement C3b receptor, CDl 1 b/CD 18; clone 

M 1 /70) including PAP- and APAAP-methods as 

described recently [lo]. 

Scanning electron microscopy (SEM) 

The gut was cut longitudinally and washed gently with 

PBS, pinned flat and fixed for 18 h in ice-cold 
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glutardialdehyde (Roth, Karlsruhe, Germany) 6.25% in 

Sorensen’s Na-K phosphate buffer, pH 7.4, at 4°C. After 

washing five times with Sorensen’s buffer, the tissues 
were dehydrated through a graded series of acetone, 

critical point dried with a critical point dryer (CPD 

030; BAL-TEC, Walluf, Germany) and coated with a 

30-nm thick gold layer with a sputter coater (SCD 005; 

BAL-TEC). The samples were examined with a Zeiss 

scanning electron microscope DSM 962 (Zeiss, Ober- 

kochen, Germany) at 15 kV 

Transmission electron microscopy (TEM) 

The gut was cut longitudinally and the PP were 

excised, cut and divided into two pieces and incubated 

immediately in half-concentrated Karnovsky’s solution 

consisting of a paraformaldehyde 2% wlv, glutardial- 

dehyde 2.5% vlv and dimethyl sulphoxide (Sigma) 1% 

in cacodylate buffer, pH7.5, at 4°C for 16 h as 

described elsewhere [33]. After washing steps, the 

samples were post-fixed with osmium tetroxide (Elec- 

tron Microscopy Sciences, Washington, DC) 2%, 0.1 M 

cacodylate buffer and ruthenium red (Merck) for 5 h at 

4°C. After washing with de-ionised water the samples 

were stained with uranyl acetate (Merck) 0.5% at 4°C 

for 16 h, followed by incubation in de-ionised water, 

dehydration in serial graded ethanol and infiltration and 

embedding with Epon 812 (Serva, Heidelberg, Ger- 

many); polymerisation was at 60°C for 48 h. Semi-thin 

sections (1 pm) were cut and stained with methylene 

blue (Merck) to localise PI? Then ultrathin sections 

(60-90 nm) were cut and stained with alcoholic uranyl 

acetate and lead citrate (Fluka, Buchs, Switzerland). 

Finally, the samples were examined with a Zeiss EM 

900 transmission electron microscopy at 80 kV 

Results 

Ultrastructure of PP from BALB/c mice 

Between 5 and 10 PP were found macroscopically in 

the normal small intestine of non-infected BALB/c 

mice. By SEM, 3-10 domes which were characterised 

by the FAE could be observed on the luminal surface 

of each PP (Fig. la). The FAE was smooth (Fig. lb) 

and comprised enterocytes, few goblet cells and c. 10% 

M cells as described previously [12, 131. The M cells 

could be identified easily by their short microvilli 

(Fig. lc) and by their large number of vacuoles seen by 

TEM. On the surface of the FAE and the villi, 

segmented filamentous bacteria (SFB) which are part 

of the normal intestinal flora of mice and rats [34,35] 

were found frequently (not shown). 

Early alterations of FAE and villi induced by 
I: enterocolitica 

To characterise the early events during invasion of the 

intestine by I: enterocolitica, BALBIc mice were 

Fig. 1. SEM of the luminal surface of normal uninfected 
PP of the small intestine of BALB/c mice. A, seven 
domes with adjacent villi, bar = 1 mm; B, dome area, 
bar = 200 pm; C, FAE consisting of enterocytes and M 
cells, bar = 10 pm. 

infected orogastrically with 1 09-l 0’’ cfu of virulent 

1 enterocolitica WA-314 of serotype 08 .  At 24-48 h 

after infection the FAE of both the domes and the 

adjacent villi appeared altered. Many vesicles or 

bubble-like structures on the surface of the FAE 

including M cells (Fig. 2) and villi adjacent to PP 

were found. Two days after infection SFB could no 

longer be observed on the FAE and adjacent villi. 

Furthermore, the domes of the PP appeared to be 

flattened or even retracted and the surface of the FAE 

was rough (Fig. 3a, b). By higher magnifications, 

bacteria attached to the FAE could be recognised 

(Fig. 3c). Moreover, remnants of cells which might be 

nuclei were observed on the FAE suggesting that 

epithelial cells had been damaged (Fig. 3c). The villi 

adjacent to the FAE were slightly enlarged from 80 p m  

diameter to more than 100 p m  and distorted (Fig. 4). 
However, there was no evidence for disintegration of 
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Fig. 2. SEM of M cell within the FAE. A, Normal, 
uninfected mice, bar = 2 pm; B, 24 h after orogastric 
infection with 10" Y: enterocolitica, many bubble like 
structures/vesicles on the surface, bar = 2 pm. 

the epithelial cell layer of the villi. Moreover, in 

contrast to the FAE no yersiniae were observed 

attached to the epithelium of the villi. 

Penetration of M cells by Y: enterocolitica 

As the sampling error of investigations of PP from 

orogastrically infected mice is quite considerable, the 

TEM studies addressing the invasion of the FAE by 

I: enterocolitica were performed with PP tissues 

obtained from ileal loop experiments. For this purpose 

1 09-l 0'' cfu of I: enterocolitica were injected directly 

into ligated or non-ligated ileal loops of mice. At 

various intervals after the infection mice were killed 

and the PP were excised and prepared for TEM 

examination. I: enterocolitica were found to be closely 

attached to cells of the FAE, including enterocytes and 

M cells (Fig. 5 )  30 min after infection. However, 

there was no evidence for invasion of enterocytes by I: 
enterocolitica. In contrast, yersiniae could be detected 

within M cells by 1 h after the infection (Fig. 6) .  In the 

M cells I: enterocolitica was located within vacuoles. 
Despite the high numbers of bacteria administered, this 

event was observed only very rarely. Nonetheless, these 

results suggest that I: enterocolitica does not adhere to 

Fig. 3. SEM of the luminal, surface of PP 48 h after 
orogastric infection with 10'' Y: enterocolitica. A, PP 
with domes, bar = 1 mm; B, alteration of the luminal 
surface of a dome and adjacent villi, b a r = 2 0 0 p m ;  C, 
FAE with bacteria and remnants (possibly nuclei) of 
cells, enterocytes and M cells cannot be identified, 
bar = 10 pm. 

villi but preferentially and unselectively adheres to 

different cell types of the FAE. However, invasion of 

the intestinal wall occurs, probably selectively by 

penetration of M cells. Nevertheless, due to the 

sampling error of the methods used, an alternative 

mode of invasion cannot be excluded. 

Yersinia-induced micro-abscesses in PP 

Histological examination of the whole intestine of 

infected mice revealed that only PP and no other 

structures were involved in the infection. However, not 

all PP were infected after orogastric administration of 
I: enterocolitica. Hence, only c.  30-50% of the PP 

appeared to be involved. At 24 h after orogastric 

infection, small micro-abscesses were found in the 

dome area of these PP (Fig. 7). Practically all yersiniae 
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Fig. 6. TEM of I! enterocolitica within a vacuole of a M 
cell 60min after infection of an ileal loop. Microvilli of 
the M cell are shorter and thicker than those of the 
adjacent enterocytes. Bars: A, 5 ;  B, 1; C, 0.25 pm. 

Fig.4. SEM of villi adjacent to PP: A, from a normal 
uninfected mouse; B, 72 h after orogastri'c infection with 
10'' cfu of I: enterocolitica. Bubble-like structured 
vesicles on the surface of the enlarged villi, 
bar = 200 pm. 

Fig. 7. Light microscopy (semi-thin section) of PP from a 
BALB/c mouse 24 h after orogastric Y: enterocolitica 
infection. Immunostaining (PAP method, brown signal) 
with polyclonal anti-yersinia antibodies (WA-v). Micro- 
abscess comprising extracellularly located yersiniae and 
PMNLs. 

Fig. 5. TEM of I: enterocolitica closely attached to the 
FAE 30min after infection of an ileal loop. Bars: A, 20; 

B, 5 ;  C, 1 pm 
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expressed YadA and were located extracellularly in PP 

tissue, and PMNLs were recruited into these lesions 

(Fig. 7). Moreover, an increased number of apoptotic 

cells and apoptotic bodies within phagocytic cells was 

observed around abscesses as well as in the germ 

centres of the lymphoid follicles of the PP (not shown). 

At 2 4  days after infection, oedematous enlarged villi 

adjacent to infected PP could be observed. The 

lymphatics within these villi were dilated and contained 

high numbers of cells which were predominantly 

lymphocytes as a sign of lymphangiectasis (Fig. 8a) 

while purulent lymphangitis was not observed. More- 

over, an increased number of PMNLs was found in the 

villi adjacent to inflamed PP. Some of these cells were 

observed within the epithelium, suggesting that these 

cells transmigrate the epithelial barrier of the villi (Fig. 

8b). However, this phenomenon was observed only on 

that side of the villi which was attached to the Pl? 

Destruction of PP by I: enterocolitica 

At day 7 after infection the cytoarchitecture of the 

infected PP was almost completely destroyed and 

yersinia-induced abscesses often replaced the lymphoid 

follicles entirely (Fig. 9). SEM studies on these tissues 

likewise demonstrated enlarged villi adjacent to the 

infected PP and destruction of the FAE (Fig. 10a). On 

the luminal surface of the remnants of the FAE many 

phagocytes and yersinia bacilli were observed 

(Fig. lob). The latter showed chain formation, which 

is believed to result from the expression of plasmid- 

encoded virulence factors such as YadA. Intact FAE 

Fig. 8. Light microscopy (semi-thin section) of villi adjacent to yersinia-infected PP 4 days after orogastric infection. 
A, lymphangiectasis with accumulation of lymphocytes in the central lymphatic vessel; B, PMNLs within the villus 
epithelium on the side attached to the inflamed PP. Haemalum. 
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Fig. 9. Cryosection of PP destroyed by a yersinia-induced 
abscess 7 days after orogastric infection. Immunostaining 
(PAP-method, brown signal) with polyclonal anti-yersinia 
antibodies (WA-v). Haemalum counterstaining. 

including enterocytes and M cells could no longer be 

observed in infected Pl? 

Dissemination 
other organs 

At 5 days after 
the mesenteric 

of I: enterocolitica from PP to 

infection yersinia-induced abscesses in 

lymph nodes could be observed, 

suggesting that X enterocolitica disseminates via the 
lymphatic vessels. These abscesses resembled those 
found in the PP and comprised yersiniae and Mac-1' 
phagocytes (not shown). However, TEM studies on 

yersinia-infected PP of ligated ileal loops occasionally 

revealed K enterocolitica within venules as soon as 3 h 
after the infection (Fig. 11) suggesting that in addition 

to the lymphatic system X enterocolitica may dis- 

seminate via blood vessels from PP to other organs 
such as the spleen and liver. 

Discussion 

Peyer's patches (PP) are a part of the gut-associated 

lymphoid tissue (GALT) and consist of lymphoid 
follicles and a specialised epithelial cell layer called 

follicle-associated epithelium (FAE) [ 121. Cells with 
shorter microvilli have been observed within the FAE 

and referred to as membranous, microfold or M cells 

[19,36]. These cells are specialised in the way that 
they take up and deliver antigens from the lumen of the 

intestine to the lymphoid cells of the PP which are 
believed to represent the afferent limb of the GALT 

[20,21,37]. In that way immune responses against 
intestinal pathogens may be triggered and may result in 

production and secretion of IgA antibodies on to 
mucosal surfaces [20,21,37,38]. 

M cells ,have an extraordinary capacity for particle 
translocation [39,40]. However, whether the trans- 

location via M cells is a non-specific mechanism 

or whether specific interactions and cellular signals 
are required for this process remains to be estab- 
lished. 

Fig. 10. SEM of PP 7 days after orogastric Y: enterocolitica infection. A, PP with enlarged adjacent villi destroyed 
dome (X20); B, Chain-forming yersiniae and phagocytes on the surface of the destroyed FAE, (X280). 



292 I. B. AUTENRIETH AND R. FIRSCHING 

Fig. 11. TEM of a venule with Y: enterocolitica and 
erythrocytes from a PP 180 min after infection of an ileal 
loop. Bar: A, 6, B, 1 pm. 

Many micro-organisms use M cells to get access to 

host tissue and to establish an infection. Hence, not 

only have bacterial species such as Shigella, Salmo- 

nella, Vibrio and Listeria been demonstrated in 

association with M cells but also viruses such as 

reovirus and HIV [20]. Once they have entered the PP 

via M cells, certain micro-organisms, e.g., S. typhi- 

murium, induce destruction of M cells [25], or as in 

the case of S. Jlexneri, induce apoptosis of adjacent 

macrophages [29]. These processes probably depend 

on the expression of individual virulence factors and 
may be crucial for the subsequent infection process. 

The aim of the present study was to elucidate the 

events in PP after intestinal I: enterocolitica infection. 

For this purpose mice were infected orogastrically 

with I: enterocolitica of serotype 08; or alternatively, 

ileal loop experiments were performed. Based on the 

results of the present study the following scenario of 

intestinal I: enterocolitica infections can be proposed. 

I: enterocolitica initially binds to cells of the FAE, 

including both enterocytes and M cells, but not to the 

epithelium of the villi. However, Y enterocolitica 

selectively invades M cells but no other types of cells 

of the FAE. After invasion into PP tissues, yersiniae 

express the major outer-membrane protein YadA, 

which mediates resistance against phagocytosis; thus, 

they replicate extracellularly. This process is paralleled 

by recruitment of phagocytes and thereby formation of 

abscesses, which results in the destruction of FAE and 
PP tissues. Moreover, the present study revealed 

evidence that yersiniae may disseminate from the PP 

to spleen and liver via the lymphatics and possibly 

also via blood vessels. 

The observations on the invasion mechanism of I: 

enterocolitica presented herein support the results of 

previous studies [17, 181 and resemble the mechanism 

observed for other micro-organisms, suggesting that 

invasion of the intestinal wall by penetration of M 

cells is a common feature shared by many entero- 

invasive bacteria [2 11. 

A recent report on experimental salmonellosis pro- 

vided evidence that S. typhimurium selectively binds 

to, interacts with, and thereby induces ruffling of the 

membranes, of M cells of the FAE [25]. Then S. 

typhimurium invades and thereafter destroys the M 

cells [25]. The latter probably depends on virulence 

factors of S. typhimurium because avirulent aro 

mutants even induce an increase of M cell formation 

1411. 

Y: enterocolitica was observed to bind to both 

enterocytes and M cells of the FAE. Ruffling of 

membranes, as observed in salmonellosis [25,42], was 

not found after I: enterocolitica infection. Whether the 

vesicle-like structures that appeared 2 days after 

yersinia infection on the FAE are related structures 

and due to similar mechanisms remains to be 

elucidated. Moreover, destruction of the FAE was 

observed 2 4  days after infection although there was 

no direct evidence that I: enterocolitica itself may 

induce killing of M cells. Thus far it is not clear 

whether this destruction is due to a cytotoxic factor 

produced by I: enterocolitica or whether the inflam- 

matory host response may account for these tissue 

alterations. Hence, the destruction of the PP could be 

the result of the action of virulence factors of I: 

enterocolitica such as YopE. This protein can be 

translocated into eukaryotic target cells and exerts 

cytotoxic activity by depolymerisation and disruption 

of actin microfilaments [43,44]. On the other hand, by 

24 h after infection PMNL accumulate in yersinia- 

induced lesions immediately beneath the FAE. More- 
over, PMNL were found within the epithelium of 

adjacent villi. These cells can produce toxic products, 

e.g., proteases and reactive oxygen metabolites 
[45,46]. The latter have been demonstrated to be 

released upon exposure to I: enterocolitica [47]. 

Furthermore, cytotoxic T cells have been shown to 

play a role during yersinia infection [14,48]. Thus, the 

action of both types of cells might induce tissue 

damage itself or might aggravate the tissue lesions 

induced by I: enterocolitica. 

In shigellosis the' transmigration of PMNL is believed 

to aggravate the disease by opening paracellular 



pathways of entry [30]. Similar PMNL, were found 

transmigrating within the epithelium of villi adjacent 

to infected PP and destruction of the FAE was 

observed which was paralleled by the recruitment of 

PMNL into the PP. Furthermore, S.JEexneri is believed 

to multiply intracellularly and to spread from cell to 

cell after penetration via M cells [29]. In contrast, this 

study and others [17,49,50] found that I: enteroco- 

litica is located extracellularly, and so far there is no 

evidence for cell-to-cell spread. Hence, I: enterocoli- 

tica was found exclusively within M cells but not 

within other cells such as enterocytes. However, it 

must be stressed that the ultrastructural and histolo- 

gical methods used herein allow the assessment of 

only very limited tissue samples, and the possibility of 

an additional invasion mechanism cannot be excluded. 

Taken together, as observed for shigellae and salmo- 

nellae, I: enterocolitica selectively invades the PP by 

penetration of M cells. However, immediately after the 

invasion of the PP these pathogens obviously exert 

distinct mechanisms to establish an infection. Shigel- 

lae-induced lesions are commonly limited to the 

mucosa and lamina propria [29] whereas salmonellae, 

after killing of M cells, may invade and replicate 

within phagocytes and lymphoid cells of the PP 

[25,28]. In contrast, after penetration of M cells Y 

enterocolitica replicates extracellularly and causes a 

destruction of the PP including FAE and rapidly 

disseminates into other organs. Currently the tissue 

alterations induced by different strains and mutants are 

being investigated in this laboratory to determine 

whether specific features of the pathogen itself or the 

inflammatory host reaction may account for this 

pathomechanism. 
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