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Introduction

Viral enteritis in piglets is usually associated with Transmissible Gastro-
enteritis Virus or with Porcine Rotavirus. In 1978, a new coronavirus-like
agent was detected in the intestinal contents of piglets with diarrhoea (11). The
agent was shown to differ antigenically from the porcine coronaviruses Trans-
missible Gastro-enteritis Virus and Haemagglutinating Encephalomyelitis
Virus. The clinical aspects of the disease and the virological aspects of the
causative agent have been described (2). The morphogenesis of the virus is also
characteristic for a member of the coronaviridae family (15). Histopathological,
histochemical (CousseMenT et al,, to be published), ultrastructural (Duca-
TELLE et al., to be published) and immunofluorescence studies (DEBOUCK et al.,
to be published) of the intestine in caesarean-derived, colostrum-deprived pig-
lets have been done. These studies have shown that the lesions and the distri-
bution of the viral antigen are similar to Transmissible Gastro-enteritis Viral
infection, although with some restrictions: the lesions are slightly less severe,
and the virus also replicates in the colonic epithelium but without causing
any histological lesions.

The purpose of the present study is to describe the alterations of the
intestinal surface and to relate them to possible mechanisms of diarrhoea, by
comparing with known enteritic conditions in piglets.
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Material and Methods

A three-dimensional study was done by stereo-microscopy, histology of longitudinal
and transverse sections, and scanning electron microscopy (SEM). The middle of the jejunum
was used as a reference point because it has proven to have the most striking lesions.

Animals: Eighteen caesarean-derived and colostrum-deprived piglets were used in this
study. The animals were kept individually in Horsfall type units and fed sterile cow’s milk.

Virus: The corona virus isolate CV 777 (11) was used for experimental infection. The
animals were inoculated oro-nasally with 10* to 10% pig infective doses of a virus stock
that was made as described (2).

Experimental design: 16 animals were inoculated oro-nasally at two or three days.
Two animals were kept as controls. The animals were killed sequentially at 12h, 18h, 24 h,
30h,32h,36h,38h,41 h,48h, 60h, 72h, 96 h, 120 h, 122 h after inoculation.

At autopsy specimens were taken from the duodenum, the middle of the jejunum, the
ileum and the colon.

Processing of the material: For stereo microscopy the fresh specimens were immersed
in aqua destillata.

For histology the specimens were fixed in phosphate buffered formalin and dehydrated
and embedded according to routine procedures. 4 s sections were cut from longitudinally
and transversely embedded specimens and stained with haematoxylin and eosin.

For SEM the specimens were not washed. They were fixed immediately in glutaral-
dehyde 2.5 %o, formaldehyde 2% in 0.1 M cacodylate buffer. The specimens were postfixed
in osmium tetroxide, dehydrated through a graded concentration of ethanol and acetone,
and dried by the critical-point method. The specimens, coated with gold, were examined in
a Philips 501 scanning electron microscope.

Results
Controls

In these animals the villi in the middle of the jejunum were long, slender
and regular, and moderately densely packed, as observed by stereo-micro-
scopy. With SEM most of the villi were equal in length, with more or less
parallel circular transverse grooves (Fig. I). The villi were mostly round in
cross-section. Occasional smaller villi were seen. Mucus clumps were seen at
the orifices of goblet cells, scattered on the villous surface. The villous tips
often had a somewhat irregular appearance. At higher magnification these
irregularities seemed to correspond with individual epithelial cell apices which
were elevated, especially in the extrusion zone. Very small nodules with a
regular pattern, representing the microvillous tips, could be observed in many
areas on the villi. The histology of the epithelial cells is described elsewhere
in detail (CousseMENT et al., to be published). The morphology of the intes-
tinal surface in the duodenum was similar to that in the jejunum.

In the ileum the villi varied in length. Above Peyer’s patches they were
very short and blunt, whereas elsewhere they were long and slender.

In the colon the intestinal surface was almost flat. Goblet cells releasing
their mucus were scattered throughout the epithelium. The mouths of the
crypts were connected by narrow grooves (Fig. 2). The colonic mucosal surface
of the controls was thus comparable to published data (3).

Incubation period

This was the period prior to the first clinical signs (usually vomiting). It
varied from 24 to 38h. In this period the intestinal surface still looked normal
under the stereomicroscope. Also histologically no alterations were observed.

With SEM the intestinal surface still looked normal in the early incu-
bation period (Fig. 3), but it was somewhat irregular towards the end of the
incubation period. A number of villi were shorter and thicker than in the con-
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Fig. 1. Middle jejunum of control piglet. The villi are long and slender, with transverse folds
(bar = 100 ym.)
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Fig. 2. Colon of control piglet. The crypts are connected by narrow grooves. Note mucus
plugs at the mouths of the goblet cells scattered on the epithelial surface (bar = 10 um.)
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trols, although no significant desquamation was observed. Some epithelial cells
on the tips of the villi were swollen and rounded.

First 6b after the onset of clinical signs

At the onset of clinical signs the villi of the middle of the jejunum appea-
red shortened and more rigid under the dissecting microscope. Severe changes
of the jejunal surface were observed histologically. There was an important
desquamation of epithelial cells and release of cell debris into the intestinal
lumen. Desquamation could also be seen with SEM, leaving small areas on the
villi completely denuded (Fig. 4). Large amounts of cell debris and mucus were
present between and adhering to the villi. The villi were severely distorted
and shortened, almost completely losing their transverse foldings. At higher
magnification of the desquamated areas, pores could sometimes be observed
in the basal membrane (Fig. 5). In the duodenum, ileum and colon lesions werc
not seen with SEM at the time of onset of diarrhoea. Also later on the duo-
denum had no significant lesions, except some villous shortening. In the ileum

Fig. 3. Ileal villus in the early incubation period with a normal epithelial surface. Some
irregularity is seen at the extrusion zone on the tip of the villus (bar = 10 um.)
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Fig. 4. Middle jejunum at the onset of clinical signs. The villi are short and irregular, and
they have lost most of their transverse folds. Debris are present between the villi. Small
epithelial defects can be seen on the upper half of the villi (arrows) (bar = 100 zm.)

Fig. 5. Epithelial defect on the top of a villus in the middle of the jejunum at the onset of
clinical signs. Note pores in the basal membrane (arrows) (bar = 10 um.)
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nmoderate shortening and stunting of villi was seen about 6 h after the onset of
clinical signs. Desquamation could sometimes be observed, leaving occasional
denuded areas on the villous surface (Fig. 6). The lesions were less and were
of variable intensity as compared to the middle of the jejunum. In the colon
alterations of the mucosal surface were not observed. Nevertheless at 6h after
the onset of clinical signs, cellular debris, occasional erythrocytes, and small
pseudomembranes could be seen covering the colonic epithelial surface (Fig. 7).

From 6h till 90b after the onset of clinical signs

In this period the jejunal villi were moderately long and irregular. Des-
quamation was rare. Little cell debris were seen between the villi by SEM.
Pores and clefts between the epithelial cells, especially in the upper half of
the villi, were seen. Histologically the villous epithelial cells frequently were
low cuboidal, with a narrow brush border.

From 24h after the first clinical signs onwards, fusion of villi was ob-
served. At first occasionally only two or three villi were fused, and this fusion
was usually not complete, leaving deep infoldings of the fused surface. Later

Fig. 6. Ileal villous tip, 6h after the onset of ‘clinical signs, with an epithelial defect
(bar = 10 um.)
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Fig. 7. Colonic mucosal surface, 6 h after the onset of clinical signs. Debris (I), erythrocytes
(2) and pseudomembranes (3) lie on the epithelium (bar = 10 um.)

Fig. 8. Extensive villous fusion in the middle of the jejunum at 30h after the first clinical
signs (bar = 10 um.)
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on fusion tecame more extensive, involving sometimes up to six villi, to form
either “ridge-shaped” or “leaf-shaped” villi (Fig. 8), comparable to the des-
cription given for White Scours in three-weeks-old piglets (9). In this period
large amounts of mucus regularly interfered with the SEM examinations.

In the ileum moderate villous shortening and occasional rounded or
partly released epithelial cells were seen near the villous tips in this period.
In both the duodenum and the colon the intestinal surface appeared normal.

At 90h after the onset of clinical signs, villous fusion again became rare
in the jejunum. Only occasional narrow bridges between two or three villi
were seen (Fig. 9).
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Fig.9. Narrow bridges between villi (arrows) at 90h after the first clinical signs
(bar = 10 um.)
Discussion

The intestinal mucosal surface of the control piglets was similar to des-
criptions of normal pig intestine (6, 8, 9, 16). No irregularity or flattening of
the villi was observed in the small intestine except in the villi covering Peyer’s
patches of the ileum. The microvillous tips were not always visible, possibly
because they were covered with an enteric surface coat or microvillous fuzz.
(13).

Villous shortening and swelling of epithelial cells at the end of the incu-
bation period as demonstrated with SEM 1s in accordance with the histological
measurements (CousseMeNT et al., to be published), and with lesions seen in
porcine rotavirus infection (14), but the SEM seemed to be the more sensitive
technique for the detection of villus distortion.

Cell desquamation and villous atrophy were significant in the first 6h
after the onset of clinical signs. This is in accordance with histological (Cous-
SEMENT et al., to be published), immunofluorescence (DEBOUCK et al., to be
published) and transmission electron microscopic (DUCATELLE et al., to be
published) findings. The presence of large amounts of cell debris and detritus
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between the villi in the early phase of diarrhoea is in contrast with the findings
in porcine rotavirus infection (6). The presence of this cell debris probably
reflects the in vivo situation more closely, since in the present study the intes-
tine was not washed out during the preparation of the tissue specimens. Also
these masses of debris in the intestinal lumen may account in part for the
“explosion-like” distribution of immunofluorescence-positive material in the
first 6 h after the onset of diarrhoea (DEBOUCK, personal communication).

Shortening of the villi was not as severe as in Transmissible Gastro-
enteritis (16), but was more universal than in porcine rotavirus infection (6).
The rough and irregular appearance of the stunted villi has been attributed
to irregularity of epithelial cells (6).

Bridging of small intestinal villi has been described occasionally in the
intestines of normal individuals (15, 16). It was not observed in the present
control material from newborn colostrum-deprived piglets. Also, in the period
arround 60h after the onset of clinical signs, villous fusion in the jejunum was
very severe, taking an aspect similar to the description of Three Weeks Enter-
itis of piglets (8). The morphogenesis of these fused villi could not unequivo-.
cally be established in the present sequential study. Nevertheless, some indica-
tions were found that they were initiated as a narrow side-by-side synechia
between adjacent villi, as has been suggested in man (12). It was not possible
to check whether this initial fusion was complete, as is suggested in coli-
bacillosis of calves (10), or whether it started as a bridge, as it appears in light
microscopy.

Desquamation of epithelial cells is probably the principal defect account-
ing for the malabsorbtion and leading to diarrhoea here, as was suggested for
Transmissible Gastro-enteritis (4). Pores between epithelial cells, as they were
observed in later stages of the disease, may also contribute to increase the
permeability of the intestinal mucosa. This is also a known possible mechanism
in the pathogenesis of diarrhoea (7).

The pseudomembranes and debris in the colon probably merely derive
from the small intestinal lesions, since the colonic mucosal surface appeared
unaffected.

Summary

The intestinal surface of piglets, experimentally infected with the CV777
coronavirus, was studied at different time intervals using stereo-microscopy,
histology and scanning electron microscopy. Desquamation of epithelial cells
was most severe on jejunal villi at the time of onset of clinical signs. It was
also seen at 6h after the onset of clinical signs in the ileum. Duodenum and
colon remained normal. From 24h after the first clinical signs onwards, villous
fusion was seen. The alterations of the mucosal surface are compared to those
seen in other enteropathogenic conditions of pigs.
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Zusammenfassung

Rasterelektronen- und stereomikroskopische Untersuchung
der Darmoberfliche
nach experimenteller Infektion mit dem porcinen Coronavirus CV777

Die Darmoberfliche von experimentell mit CV 777 infizierten Ferkeln
wurde nach bestimmten Zeitintervallen mit Hilfe der Stereo- und einfachen
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Lichtmikroskopie sowie mit dem Raster-Elektronenmikroskop untersucht. Bei
Auftreten der ersten klinischen Symptome sowie sechs Stunden danach war die
Desquamation der Epithelzellen des Jejunums am ausgeprigtesten. Ab 24
Stunden nach der Infektion wurde eine Verschmelzung der Zotten unterein-
ander beobachtet. Die Verinderungen der Schleimhautoberfliche werden mit
denen bei anderen enteropathogenen Prozessen verglichen.

Résumé

Recherche au microscope électronique a balayage et au stéréomicroscope
de la surface intestinale
aprés une infection expérimentale avec le Coronavirus CV 777 du porc

On a examiné la surface intestinale chez des porcelets infectés avec
CV 777 4 intervalles déterminés au stéréomicroscope, au microscope optique
et au microscope électronique & balayage. La desquamation des cellules épi-
théliales du Jejunum fut la plus marquée au début des premiers symptOmes
cliniques et six heures aprés. On a observé un amalgame des villosités dés
24 heures suivant I’infection. Les modifications de la surface de la muqueuse

sont comparées 3 celles recontrées dans d’autres processus entéropathogénes.

Resumen

Estudios con el microscopio electrénico de trazados y con el estereo
de la superficie intestinal
tras la infeccidén experimental con el virus corona porcino CV 777

Se examind la superficie intestinal de lechones infectados experimental-
mente con CV 777 tras ciertos intervalos de tiempo con ayuda de la estereo-
microscopia y del microscopio dptico simple, asi como con el microscopio
electrénico de trazados. Al aparecer los sintomas clinicos primeros y seis horas
después era muy manifiesta la descamacién de las células epiteliales en el
yeyuno. A partir de las 24 horas tras la infeccién se observé una coalescencia
de las vellosidades entre si. Las modificaciones en la superficie mucosa se
comparan con las de los otros procesos enteropatdgenos.

References

1. AsQuitH, P., A. G. JouNnsoN, and W. T. Cookg, 1970: Scanning electron microscopy of
normal and celiac jejunal mucosa. Digest. Dis. 15, 511—521.

2. DeBouck, P., and M. PensaerT, 1980: Experimental infection of pigs with a new porcine
enteric coronavirus, CV 777. Am. J. Vet. Res. 41, 219—223,

3. Kennepy, G. A, and A. C. STrRAFUSs, 1976: Scanning electron microscopy of the lesions
of Swine Dysentery. Am. J. Vet. Res. 37, 395—401.

4. Kent, T. H,, and H. W. Moon, 1973: The comparative pathogenesis of some enteric
diseases. Vet. Path. 10, 414—469.

5. LANDSVERK, T., 1979: The gastrointestinal mucosa in young milk-fed calves. Acta Vet.
Scand. 20, 572—581.

6. McAparacs, J. P,, M. E. BerceLanD, R. C., Mever, M. W. Jounsuoy, I. J. Srorz,
D. A. Benrerp, and R. HamuMEeR, 1980: Pathogenesis of rotaviral enteritis in gnoto-
biotic pigs: A microscopic study. Am. J. Vet. Res. 47, 1572—1581.

7. Moon, H. W., 1978: Mechanisms in the pathogenesis of diarrhea: A review. J. A. V.M. A.
172, 443—448.

8. MouweN, J. M. V. M., 1971: White scours in piglets. I. Stereo microscopy of the mucosa
of the small intestine. Vet. Path. &, 364—380.

9. Mouwen, J. M. V. M., 1971: White scours in piglets. 2. Scanning electron microscopy
of the mucosa of the small intestine. Vet. Path. &, 6.

10. Pearson, G. R., E. F. LogaN, and G. P. BRENNAN, 1978: Scanning electron microscopy
of the small intestine of a normal unsuckled calf and a calf with enteric colibacillosis.
Vet. Path. 15, 400—406.

11. PensaErT, M. B, and P. DEBOuUCK, 1978: A new coronavirus-like particle associated
with diarrhea in swine. Arch. Virol. 58, 243—247.



Threedimensional Sequential Study of the Intestinal Surface 493

12. Scuenk, E. A, L. M. Samrorr, and F. A. KLipsTEIN, 1967: Pathogenesis of jejunal
mucosal alterations: Synechia formation. Am. J. Path. 50, 523—528.

13. Stawey, T. E,, E. Wynn Jones, and A, E. MarsHaLL, 1968: The jejunal absorptive cell
of the newborn pig: An electron microscopic study. Anat. Rec. 161, 497—502.

14. Torres-MEDINA, A, and N. R. UNDERDAHL, 1980: Scanning electron microscopy of
intestine of gnotobiotic piglets infected with porcine rotavirus. Can. J. Comp. Med.
44, 403—411.

15. TyrreLr, D. A. J, D. ]J. ALexanper, J. D. Aimema, C. H. CunniNeuam, B. C.
EasTERDAY, D. J. GarRwes, J. C. HiervoLZER, A. Karikian, M. R. MACNAUGHTON,
and K. McINTosH, 1978: Coronaviridae: Second report. Intervirology 10, 321—328.

16. WaxLEr, G. L., 1972: Lesions of Transmissible Gastroenteritis in the pig as determined
by scanning electron microscopy. Am. J. Vet. Res. 33, 1323—1328.

Authors’ address: Dr. R. DucaTELLE, Department of Veterinary Pathology, Faculty of
Veterinary Medicine, State University of Gent, Casinoplein 24, B-9000 Gent, Belgium.



