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J<>NSSON, LENNART and KJELL MARTINSSON: Regional ileitis 
in pigs. Morphological and pathogenetical aspects. Acta vet. scand. 
1976, 17, 223-232. - Twenty-seven weaned pigs with a wasting ap­
pearance were investigated. From a morphological point of view the 
pigs were divided into three groups. In the group of pigs with macro­
scopical signs of regional ileitis, affected tissue showed substantial 
epithelial proliferation, and electron microscopic studies revealed the 
presence of microorganisms within the cytoplasm of the epithelial 
cells. There was a loss of, or only faint, enzymatic activity of alkaline 
phosphatase in the mucosa! epithelium. In another group of five pigs 
there was no, or only slight, light microscopical signs of regional 
ileitis but presence of intracellular microorganisms. The enzymatic 
activity of the ileal epithelium was low. Low enzymatic activity of 
the ileal epithelium was observed in a third group of wasting pigs, 
which had no histological or electron microscopical signs of regional 
ileitis. 

pigs; regional ileitis; wasting syndrome; alkaline 
p hosp hat as e; intra c e I I u I a r micro organisms. 

Regional ifoitis or ,intestinal adenomatosis in piigs was first 
described in 1931 by Biester & Schwarte. Since then only a few 
reports on the disease have been presented, and not until the 
last few years has interest been focused on regional ileitis. In 
Sweden rfille di,sease is generally observed .some weeks after wean­
ing, and affected pigs show pooir growth ·rate and a wasting ap­
pearance (Martinsson et al. 1974). 

The pathological changes are mmally confined to the terminal 
par:t of the Heum, stariing at the Ueo-cecal junction. In some cases 
the cecum and/o:r spiral colon ,are also atifected (Rowland & 
Rowntree 1972, 1l'/artinsson et al.). The wall of the affeeited areas 
of the intestine is ·thickened and the mucosa is thrown into deep 
folds and often has a "cobblestone character". In most cases the 
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mucosal thickening is combined with a hypertrophy of the muscle 
coats (Emsbo 1951). Necrotic areas of 'the mucosa are sometimes 
observed. 

The histopathological examination reveals a muscular hyper­
trophy and a proliferation of epithelial cells which causes a 
thickened mucosa (Emsbo, Rowland&; Rowntree, Martinsson et 
al.). A prominent findiU1g is ,an epitheliial downgrowth of the 

crypts into the deep parts of the intestinal wall. Pre­
sence of "metastases" of crypt cells in the ileal mesenterial lymph 
nodes is reported by Emsbo and Nielsen (1971). In the affected 
mucosa heavy in:filitrations with lymphocytes, hisitiocytes, fibro­
blasts an:d eosinophi.ls are observed. 

Recently, microorganisms have been observed at electron 
microscopy in the ileal epithelium of diseased pigs (Rowland &: 
Lawson 1974, Martinsson et al.). Lawson &; Rowland (1974) 
identified these intracellular organisms ais Campylobacter spu­
torum subp. mucosalis. 

Analy,sis of ,blood serum from diseased pigs reveals low levels 
of albumin (Nielsen 1971, Martinsson et al. 1974) and very low 
levels ,of alkaline phosphat,aises (Martinsson et al. 1974). The 
zinc content of serum also seems to be low (Martinsson &: Ekman 
1974). 

The ,aim of this investigation is t:o study the ileum of pi,gs 
wi1th regional ileitis, and wasting pi1glets wi,thout the disease, by 
electron microscopic and histochemical methods. The absorptive 
capacity of the ileal epithelium from diseased pigs is also in­
vestigated. 

MATERIAL AND METHODS 
Animals 

Twenty-seven weaned cros,sibred pigs of Yorkshire and Swed­
ish Landrace, 10-12 weeks old, were obtained from four diffe­
rent herds. All the pigs showed a wasting appearance with a poor 
growth rate as a common feaiture (Fig. 1). They were weaned at 
about sh weeks. According to the owners, only few of the pigs 
had occasional diarrhea before or after weaning. Ten normal 
pi1gs of the same age were used as controls. 

Experimental procedure 

The pigs were anesthetized by intravenous injections of Nem­
butal®. During anesthesia the abdomen was opened and tissue 
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Figure 1. A 10 week old pig with regional ileitis and a typical 
wasting appearance. 

samples were removed for electron mioroscopy and histochemi­
cal analysis. 

Light microscopy 
Specimens of jejunum, ileum and lar.ge were fixed 

in neutral formol solution and embedded in paraffin. AU sections 
were routinely stained with hematoxylin-eosiin. Selooted samples 
were also stained wirth periodic acid Schiff (PAS), Gram, Giemsa, 
Ziehl-Neelsen and toluidine blue. Unfixed cryostat sections were 
used for demonstration of enzyme activity of alkaline phospha­
tase (diazonium method). 

Electron microscopy 
Specimens were faken from the jejuna} and ileal mucosa and 

were cut into 0.5 mm cubes. These cubes were fixed in glutaral­
dehyde, followed by osmium tetroxide, and embedded in Epon. 
Ultrathin s·ections were stained with uranyl acetate and lead 
cit.rate, and examined in a Philips RA 201 elootron mioroscope. 
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Pinocytosis of ilea[ epithelium 
Thiree pi1gs with clinical and hematological signs of regional 

ilei1Us were used in this experiment. The pi.gs were anesithetized 
with Nembutal® inwaiven0ill1S1ly and the abdomen was opened. 
Two hundred mg of a 5 % solutiolll of Dextran Blue (Pharmacia 
Fine Chemicals, Uppsala, Sweden) per kg bodyweight was in­
jecled into the jejunum, and the abdomen was then closed. After 
36 hrs. the pigs were ernthanised and necropsied. Regional ileitis 
was confi:rmed at macroscopic and microscopic examina:bion. The 
ileal epithelium was examined for pinocytosis of the macromole­

,substances (Dextran Blue) as des,cribed by Martinsson & 
Jonsson (1975). 

For bacteriological examination the methods of Lawson & 
Rowland (1974) were used. 

RESULTS 
Gross pathology 

The animals were in a poor condition with a thin appearance. 
Pathological changes, which varied widely in severi:ty, were ob­
served in 1the 1intestine and in •the mesenteric nodes. The 
most affected cases showed obviious changes in the intestinal 
mucosia, muscular layer and on the sierosal s:urface. The least 
affected cases ,showed slight mucosal changes, which were found 
only at histological examination. 

The lesions were confined mainly to. 1:the ileum, but in ad­
vanced cases the changes were even noted in rthe aboral part of 
the jejunum. The affected parts of the intestine were thickened 
and rigid. The thickening of the inte.sttinal wall was due to mus­
cular hypertrophy and hyperplasia of the mucosa. 

The mucosa was folded longitudinally and transversely, a 
picture S·imHar to that of Johne's disease (Fig. 2). In some cases 
there were patches of ulceiiations covered with necrotic debris 
and pseudomembranes (Fig. 3). The Payer's patches were en­
larged and often protruded in:to the lumen like long broad bands. 
The serosa of the ileum and the mesenterium was edematous 
and thickened. In orne pig the intestinal changes were complica­
ted by an ileo-cecal invagination. 

The regional lymph nodes showed a moderate degree of hy­
perplasia. In a few cases lymphoreticular hyperplasitic axeas of 
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about 1 cm in diameter were observed in ithe cecum. No other 
pathological changes were abserved except ,slight enzooti.c pneu­
monia in some of the pigs. 

His to pathology 
The ileum of the control animals was lined with a simple 

epitheli!um of columnar type and numerous globlet cells. The 
villi were regular but the d1epth of the intervening crypts was 
variable. 

'Dhe hiSltopathological changes of pigs with clinical ,signs of 
regional ilei.ti·s were chariacteri:stic in advanced cases (Fig. 4). 
The viHous pattem was absent except in the mildly affected 
areas. The mucosa presented a smooth, flattened, domed surface. 
The epithelial cells were tall. columnaT in shape and eosinophilic. 
They were immature and l,acked theiir pirotective mucous coat. 
Globlet cel1s were few. The crypts were elongated, branched and 
tortuous. They were often dilated ,and formed retention cysts 
filled with polymorphonucleair leucocytes and cell debris (Fig. 5). 
The histological picture had, in fact, an adenomatous appearance. 

The lamina propria showed infiltration of mononucleair cells 
which, to some exten,t, ceplaced the glandular tissue. The srub­
mucosa exhibHed prominernt patches of lymphatic tissue, which 
frequently penetrated to tihe mucosa! propria. The submucoS<a 
abo showed inflammatory cells extending to the muscular layer, 
which was hyper:tropihied. There were infiltrations of mono­
nuclear cells and fibrosis in the subserosal l'ayer. The regiO'llal 
mesenteric lymph nodes showed a picture of unspecific chronic 
Iymphadeni1tis. 

Histochemistry 
The activity of alkaline phosphatase in the control pigs was 

strongest in tihe epithelial eel.ls of the apical pa.rt of the villi. The 
crypt cells, on the other hand, were non--reaclive (Fig. 6). The 
vessels were strongly positive. The enzymatic activity of the Heal 
epithelium of ,the pigs with regional ileitis was diminished or 
absent. In some areas .there was a faint activiity in 1the apical 
parts of the villi (Fig. 7). The enzymatic activity of wasting pigs 
free from regional ileitis was dimi11Jished but higher in com­
parison with the diseased animals (Fig. 8). 
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Electron microscopy 
Intracellular microorg:misms were observed in the intestinal 

epithelium of affected parts in 21 cases. In 16 of these cases there 
were evident maoroscopical and li1ght microscopical si,gns of 
regional Heitis, whereas in five pigs no macroscopical and no, or 
very slight, light microscopical changes were observed. In six 
wasting pigs no macroscopical or light microscopical changes 
and no intracellular microorganisms were observed. The micro­
organisms were not observed in tlle control animals. 

The microorganisms were most abundant just beneath the 
terminal web and were often surrounded by small unstained 
zones. No host memtbranes were observed lining these halo-like 
zones. The membranes of organisms vari•ed considerably, and in 
a few cases they were detected in the gland lumina. The mioro­
organisms were elongated and curved wi1th rounded ex:tremi:ties. 
Their length vmied between 1.5 and 2 µ. On cross section, they 
were round and measured 0.25-0.30 µ in diameter. A distinct 
cell wall surrounded the individual organism, and the internal 
structure was dense and osmiophilic (Fig. 9). 

Similar microorganisms were not observed in the normal 
parts of ·the jejunum in pigs with regional ileitis or in control 
animals. 

The epithelia'1 cells of the changed intestine were elong·ated 
wi·th a narrow apex and a basal nucleus. They were usually 
similar to more or less undifferentiated crypt cells. Tihe micro­
villi were few and irregularly shaped. In the more mature cells 
the microvilli were abundant and of normal shape. The cells 
contained round eleclron-dense bodies in the apical region (Fig. 
10), presuma:bly sooretory granules. 

At bacteriological examination it was not possible to isolate 
the intracellular microorganisms. 

Pinocytosis of ileal epithelium 
The pigs which were injected with Dextran Blue into the 

jejunum were euthanised and necropsied 36 hrs. later. There 
were no signs of epithelia·l pinocytosis of the macromolecules. 
Most of the dye was found in the ingesta of the colon and rectum. 

From a morphological point of view it was possible to divide 
the present wasting pigs into ,three groups: 
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1. Sixteen pigs with macroscopiool and microscopical changes 
typical for regional ileiUs. ln this group, intracellular micro­
organisms were reguiarly observed. 

2. Five pigs free from, or with only .slilght, liight microscopical 
signs of regional ileitis but with intl"aceHula:r microorganisms. 

3. Six pigs free from maoroscopical and microseopiool intestinal 
lesions. No microorganisms were observed at electron micro­
scopy in these animals. 

DISCUSSION 
The pigs in the pres.ent investigation had one property in 

common: namely, the poor growth rate after weaning. The gross 
pathology and the histopathology of the ·affected intestine in 
developed regional ileitis shOIWed the same major changes as 
those described by earlier observers (Emsbo 1951, Nielsen 1955, 
Dodd 1968, Nielsen 1971, Rowland & Rowntree 1972, Rahko & 
Saloniemi 1972). The adenomatous structure of it.he immature 
hyperplastic epithelium in tlhe presmt study seemed to be the 
result of a regeneratirve pl"Ocess following a destruction of the 
intestinal epithelium. 

Two main .forms of regional i.leitiis are reported to exist: the 
muscul·ar type and the mucosal type. In the first type, both the 
circular and the longitudinal layers of illhe muscularis are hyper­
trophied. The second type is cihairacterized by a diffuse hyper­
plasia of the mucosa together with a muscular hypertrophy. 
Nielsen (1955) suggested that regional ileitis should be reserved 
for cases with both muscular and mucosal lesions; cases with 
only muscular hypertrophy should be classified as "muscle hy­
pertrophy of ileum". 

Nielsen (1955) was of the opiillion .fihat there is an iniitial 
muscular hypertrophy which produces a rigidity of the wall and 
a narrowing of the lumen. He supposed that this circumstance 
lowered the vitality of the intesitinal wall, thus leaving the mu­
cosa vulnerable to toxirns and bacteria present in the lumen. 

In the present investigation there was no proof that a primary 
muscle hyperrtrophy will give rise to a secondary mucosa! in­
volvemernt. The pigs of the second group were the most inter­
esting animals in a pathogenetical respecl. Intracellular micro­
organisms were observed in the ileal epithelium of these pigs 
wi·thout any, or with very slight, histopathological changes, 
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suggesting regional ileitis. There was no evidence of muscular 
hypertrophy, whicih indicafos thait the mucosa} changes are pri­
mary and muscle hypertirophy secondary. 

The histochemical analyses of alkiailine phosphatase showed 
diminished or no activUy of the Heal epithelium in cases of 
regional ileitis. The enzyme activity of the ileal epithelium from 
pigs of group 3 was also decreased, but in the controls the 
enzyme activity was high. The significance of these findings is 
difficult to expliain. The low activity of alkaline phosphatase in 
regional ileitis can be e:x,plained by the characteristic prolifera­
tion of immature epi1thelial cells. The low enzymatic activity of 
ileal epithelium in group 3 probably indicates a subcellular 
disturbance which may interfere with the development of regional 
ileitis. 

Pinocytosis of macf\omolecules is observed in pigs up ito an 
age of three weeks (Moon 1972, Martinsson & Jonsson 1975). In 
the present material there was no pinocytosis of the ileal epi­
thelium. Absorption of microorganisms via a reawakened pinio­
cytosis was, considered unbelievable, as is 1the hypothesis, that 
organisms have been present in the epithelium since the time 
when active pinocytosis s:tiill existed. Thie replacement time of 
ileal epithelium in pigs three weeks of age is only two-four days 
(Moon 1971). 

The morphology of the inbracelliular microorganisms showed 
the s,ame appearance as those identified by Lawson & Rowland 
(1974) as Campylobacter (Vitbrio) sputorum subsp. mucosalis. 
As the microorganisms were regularly robserved in pigs of the 
frhist and second groups but not in group 3, the following 
hypothesis of pathogenesis is proposed. Pigs which develop signs 
of regional ileitis show a sllOWer g,rowbh :rate than normal pigs. 
This may to some extent be caused by a malaibsorption syndrome 
after weaning due to a subceUular disturbance. Subsequent in­
vasion of microorganisms in:to the illltestinal epitlhelium causes 
epithelial prolifemtion with hyperiperistaltic activiity and muscu­
l1ar hypertrophy. Consequently the pigs of group 2 should re­
present early stages of regional ileitis. A malabsorption syndrome 
in pigs after weaning has been investigated by Kenworthy & 
Allen (1966). 

It i& concluded from the present investigation that there may 
be two factors for the development of regional ileitis: 
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a. Predisposing moment, whioh lowers rthe viitality of the intes­
tJi:nal mucosa. 

b. lnkacel1ular invasion of cer:tain microorganisms from the 
lumen of the intestine. 

Sever:al authors have reported that di:fiferent forms of gastro­
intestinal disorders predispose regional ileiitis. 'flhus Riester & 
Schwarte (1931) described ·regional ileitis in three pigs from a 
group recovering from enteritis. The same investigators also 
succeeded in transmission experiments on four pigs. Emsbo was 
of the opinion that the ileal mucosa was pi;one to trauma because 
of the slow passage of ingesta through this part of the intestine. 
The author supposes ,that a bacterial counlt in the ileum 
may cause unsipeci£ic hyperplasia of the lymphoid tis,sue in the 
intestinal wall with nal'J'IOIWing of the lumen and stasis of the 
ingesta resulting in mucosa} illlflamma:tion and muscuJ.ar hyper­
trophy. 

Nielsen (1971) reported that regional Heitis often develops 
after occurrence .of diarrhea at the time of weaning. It is also 
suggested that proliferative hemorrha1gic enteropathy may be 
an acute for:m of intestinal adenomatosis (Rowland & Rowntree, 
Rowland & Lawson 1975). In Sweden it is a common experience 
that regional ileitis is more often seen in certain herds than in 
others. It has also been observed that different forms of diarrhea 
are not a regular observation previous to outbreak of I"egional 
ileitis. In most cases it seems to be a wasting synd·rome of the 
pi1gs which predisposes the disease. 
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SAMMANFATTNING 
Morfologiska och patogenetiska synpunkter pd regional ileit hos grisar. 

Forfattarna bar undersokt 27 grisar med typiskt "pelle"-utseende. 
Ur morfologisk synpunkt indelades de i tre grupper. I grup1pen med 
makroskopiskt pavisbar regional ileit sags adenomatOsa slemhinne­
proliferationer. Vid elektronmikroskopisk und.ersokning avslOjades 
intracytoplasmatiska mikroorganismer i epilthelcellerna. Aktiviteten 
av alkaliskt fosfatas var lag eller saknades belt i slemhinneepithelet. 
I andra gruppen fOrekom intracelluHira mikroorganismer men endast 
svaga histologiska tecken pa regional ileit. Enzymaktiviteten i epi­
thelcellerna var lag, liksom i tredje gruppen. I sistnamnda grupp 
fOreiag varken ljusmikroskopiska eller elektronmikroskopiska fOr­
andringar tydande pa regional ileit. Ur patogenetisk synpunkt disku­
teras tva faktorer som fOrknippas med sjukdomens uppkomstmeka­
nism. Den ena ar predisponerande gastrointestinal rubbning, den 
andra ar intracelluHir fOrekomst av mikroorganism.er. 

(Received March 24, 1976). 
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F i g u r e 2. Longitudinal section of the ileum showing a hyper­
plastic longitudinally and transversely folded mucosa. 

F i g u r e 3. Hyperplastic mucosa with a necrotic area in the aboral 
part of the ileum (arrows). 

F i g u r e 4. Histologic section of proliferating ilea! mucosa at 
regional ileitis. Note the absence of villous pattern, downgrowth of 
crypts (arrows) and the cellular reaction in the mucosa and the sub-

mucosa. HE, X 45. 

F i g u r e 5. Section showing proliferation of tall epirthelial cells. 
Some cry,pts are dilated, containing polymorphonuclear leucocytes 

and cell debris. HE, x 105. 

F i g u r e 6. Alkaline phospha.tas.e activity in the mucosa of normal 
pig ileum. Note the strong reaction in the villous epithelial cells and 

lack of reaction in crypt epithelium. X 105. 

Figure 7. Alkaline phosphatase activity in the mucosa of ileum at 
regional ileitis. Only faint activiity is observed in the apical part of 

the mucosa (arrows). X 105. 

F i g u r e 8. Alkaline phosphatase activity in the mucosa of ileum 
from wasting pigs without signs of regional ileitis. A slight activity 

is demonstrated in the villous epithelium (arrows). X 105. 

F.i g u r e 9. Electron micrograph from upper portion of ilea! mu­
cosa at regional ileitis. Immature epithelial cells with poorly devel­
oped microvilli and numerous longitudinally and transversely sec­
tioned organisms (arrows) within the cytoplasm and in the intestinal 

lumen. X 6000. 

F i g u r e 1 0. Apical portion of several immature epithelial cells of 
the mucosa at regional ileitis. Note the numerous intracytoplasmic 
organisms (large arrows) and the membrane-bounded granules of 
different sizes presumably representing secretory material (small 

arrows). X 10,000. 
















