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Abstract

OBSERVATIONS AU MICROSCOPE ÉLECTRONIQUE À BALAYAGE DES MUQUEUSES JÉJUNALES ET
ILÉALES DE LAPINS INFESTÉS PAR TRICHOSTRONGYLUS COLUBRIFORMIS. - Le jéjunum et l’iléum de

lapins infestés par des stades immatures de Trichostrongylus colubriformis ont été examinés à l’aide du
microscope électronique à balayage. Dans le jéjunum, zone d’implantation préférentielle des vers, les
villosités présentent de nombreuses anomalies de forme. Les entérocytes apparaissent arrondis et
bombés, et les microvillosités déformées constituent une surface apicale irrégulière. Les vers ont été
retrouvés, fixés par leur extrémité antérieure entre les cellules épithéliales. Dans l’iléum, région à faible
population de parasites, une répartition irrégulière, en agrégats, des microvillosités à l’apex des cellules
épithéliales a cependant été observée. Ces lésions associées à la présence de stades précoces de
T colubriformis sont comparées à celles précédemment décrites au microscope électronique à balayage,
lors d’infestation de moutons

ou

de rats par des nématodes adultes.

In the study of host-helminth relationships and
their effects on the bowel mucosa, the scanning
electron microscope (SEM) has been used to examine the effects of Trichostrongylus colubriformis
(Barker 1973), Trichostrongylus vitrinus (Coop et al
1979) and Nematodirus battus (Martin and Lee
1980) infections in lambs, and Nippostrongylus
brasiliensis (Symons 1976a, Cheema and Scofield
1982) in rats. These SEM observations, however,
were mainly limited to a time when the parasites
were adult, and to an intestinal site where the

sage through the mucosa, had reached the intestinal lumen at their fourth and fifth stages. This
SEM examination was undertaken both at the area
of main density of worms (the jejunum) and also in
the distal part of the small intestine (the ileum).

concentrated, although some
evidence indicates that the worm-free part of the
gut is also reactive (Symons 1978), and could
provide a zone for compensatory absorption and
digestion (Symons 1976b, Soulsby 1982).
The present study was aimed at assessing the

Six male New Zealand rabbits, weighing approximately
1 kg on the day of infection were randomly allocated into
two groups. Three animals received, by means of a gastric
cannula, a single dose of 20 000 infective larvae of T colubriformis, previously stored for 5 months at 4 -C. The remaining rabbits comprising the control group received a dose
of water but no larvae.

worms

were

modification of the intestinal mucosa in rabbits
infected with Tcolubriformis. The rabbit was used
as a model to investigate the relations existing
between T colubriformis and the host. This was
conducted at a time when the parasites, after pas1 : Present address : CR INRA Tours, Station de Pathologie
Aviaire et de Parasitologie, Unite d’Helminthologie, Nouzilly, 37380 Monnaie, France

Materials and Methods
1.

Experimental design

2. Tissue

preparationn

Ten days after infection, the rabbits were killed by an
intravenous injection of sodium pentobarbitone (Euthatal,
May and Baker Ltd) ; the abdomen was incised, the small
intestine removed and samples 1 cm in length were taken
at distances of 75 and 200 cm from the pylorus. The
segments were opened and pinned on pieces of cork with
the mucosal surface upwards.

After gentle washing in 0.1 M Cacodylate buffer, the
were immersed for 24 hours in Karnovsky’s fixative, then rinsed in the same buffer, dehydrated through a
graded series of acetone baths, and eventually, critical
C and at pressure
point-dried in 2
n C0 at a temperature of 42 O
of 1 400 lb/in
. After attaching to metallic stubs with silver
2
paint, the gut specimens were coated with a gold-palladium
film, and examined in a Philips 501 B SEM.

Results

samples

3. Worm counts
In the infected rabbits, small intestines were divided in
four equal parts. The gut contents were removed, and
mucosa washed and digested in a 1 % pepsin / 3 % HCI
C. The intestinal contents and digests
solution for 4 h at 37 O
were then passed through a 20 !m sieve and formalized.
Populations of worms were estimated by a 10 % aliquot

technique.

1. Worm counts and distribution of nematodes

Total worm counts recovered in the gut of the
three rabbits were respectively 1 395, 2 590 and
2 963 Trichostrongylus, ie 7.0, 13.0 and 14.8 % of
the initial dose. In the three rabbits, the total population revealed the same composition : approximately two thirds of the worms were at the fifth stage
and the remaining third still at the fourth stage. No
third stage larvae and no adult worms were found
in any animal.

The nematodes were not uniformly distributed
the gut ; the majority, on average two
thirds of the whole population,
’ was recovered
from the first half of the small intestine. In the last
quarter of the gut where the second samples were
taken, less than 10 % of the whole population were
recovered (table 1).

throughout

2. SEM observations
In the jejunum of control animals, the leafshaped villi (fig 1B) were arranged in regular and
densely packed rows, with the main axis of the villi
orientated perpendicularly to the longitudinal axis
of the gut. The disposition of the villi was quite
similar in the infected rabbits. However, many villi
exhibited an irregular (V-shaped or twisted) shape
(fig 1A) and some apparently fused villi were also
observed. At the top of some of the control villi, a
depressed zone with dome-shaped cells with a
roughened surface could be seen. These cells are

generally thought

to

enterocytes at the extrusion site

represent

degenerating

of the villi. In

parasitised

rabbits, the topography and cytology of this

zone

similar to the controls.
In infected animals, morphological features of
the enterocytes, on the sides of the villi, were quite
different from the controls. The columnar absorptive cells of non-infected animals had a polygonal
(hexagonal or pentagonal) outline, and a flat granular apex, due to the closely packed microvilli, which
exhibited regular size and shape (fig 2A, C).
In infected rabbits, whereas some areas of epithelial cells remained apparently normal, there were
many patches of modified enterocytes giving
a cobblestone appearance (fig 2B). The apices of
these cells were swollen, and irregular shaped
microvilli, some of which were apparently fused,
were observed (fig 2D). In both groups, the crypt
openings, at the base of the villi, could not be
visualised because of the close arrangement of villi
and the presence of mucus.
The worms, where present, were generally coated with mucus. The posterior part of their body
was free in the lumen of the gut but the anterior
end was deeply embedded between epithelial cells
was

(fig 3A, B).
In the ileum, the villi were similarly disposed as
in the proximal portion but their shape was more
tongue or finger-like than in the jejunum. No
obvious difference could be detected in the villi
between control and parasitised animals. However,
in infected rabbits, some enterocytes on the walls
of the villi were slightly domed and, although
microvilli were apparently normal in size and
shape, they were not uniformly spread as in the
control rabbits, but gathered together in aggregates separated by small fissures (fig 2E, F).

Discussion
In this experiment, the rabbits were killed ten
days after the beginning of infection, on a date
when immature stages of Tcolubriformis, ie L4
and S5, were predominant in the populations of
worms. In the anterior part of the small intestine,
the villous modifications appeared moderate when
compared to the subtotal, or even, total atrophy of
villi reported with the presence of adult Tcolubriformis (Barker 1973) or N battus (Martin and Lee
1980) in the gut of the sheep. This difference could
probably reflect the chronological evolution of
lesions which have been described during the
course of Trichostrongylus infection (Barker 1975),
and it confirms the idea that villous atrophy is
mainly associated with the presence of adult nematodes (Martin and Lee 19801. Nevertheless, L4 and
S5 stages induced recognisable changes to the
epithelial cells and their microvilli. The rounded
and domed apex of the cells and the striking
changes in shape and size of microvilli resemble
the changes affecting enterocytes during other
infections with adult nematodes in ruminants or
rats (Barker 1973, Symons 1976a, Martin and Lee
1980) and in some coeliac disease cases in man
(Asquith et al 1970). Changes in the microvilli
similar to those described in the Tcolubriformis
infected rabbits were usually associated with an
impairment in intestinal absorption and our SEM
observations suggest that some disturbance in the
functional ability of the epithelial cells could exist
before Tcolubriformis reach maturity, ie earlier in
the infection than was generally thought. Further
work is required to assess this hypothesis.
The T colubriformis immature stages were
embedded in the epithelium by their anterior part,
with the remaining part of the body free in the gut
lumen. These observations on worm position were
quite different from previous SEM reports on the
relationship between adult nematodes and the
intestinal mucosa. Adult Tcolubriformis and Tvitrinus were usually buried in epithelial tunnels in
the gut of the sheep (Barker 1973, Coop et al 1979)
and mature N battus, in sheep, or N brasiliensis, in

rats, have been described twisted around the villi
in a close contact with the epithelium (Coop et al
1973, Symons 1976a, Martin and Lee 1980). This
difference in the relationship with the mucosa
between immature and adult stages of T colubri-

formis could explain the less extent and gravity of
the lesions, and supports the idea that the damage
to the epithelium may be caused by a direct,
mechanical effect of the worms (Coop et al 19731.
However, other possible causes to explain the
origin of the intestinal lesions have also been
previously suggested. A direct effect of some
excretory or secretory products from the nematodes have been proposed (Martin and Lee 19801. An
indirect action of the worms on the epithelial cell
proliferation and maturation has also been evoked.
In Nippostrongylus brasiliensis infected rats, an
increased production rate of cells in the crypts and
the presence of immature cells on the villi were
demonstrated in the jejunum (Symons 1965,
Symons et al 19711. Although this was not directly
assessed, a similar increase in the production of
cells could be suspected to occur with the presence
of Tcolubriformis in the small intestine, for an
increase of the mitotic index in the glands of
Lieberkuhn was noticed during infection in sheep
(Barker 1975) and in rabbits (Hoste 1985, M6moire
de DEA Universite Paris VI).
In the distal small intestine,

an

irregular arrange-

of the microvilli was the main difference
observed between infected and control animals.
These changes in the apical topography of the
enterocytes were similar to those occuring in the
ileum of rats infected with N brasiliensis. In nippostrongylosis, the cellular modifications were associated with villi which were more folded and tended to fuse together (Cheema and Scofield 1982).
No obvious changes were seen on the villi in the
infected rabbits, but the damages described in rats
were associated with the presence of adult worms
in the proximal part of the gut.
ment

As the changes on microvilli occurred in regions
distal to the main site of infection, and as no
parasite was found on the SEM sample, it could be
supposed that the apical changes on the cells were
not due, in this part of the gut, to a direct effect of
the worms. In Tcolubriformis infected rabbits, an
hypertrophy of villi and crypts was observed, by
light microscopy, in the distal part of the small
intestine (Hoste 1985, M6moire de DEA Universite
Paris VI). As the presence of dilated glands of
Lieberkuhn is usually associated with an increased
rate of cell production, it could be supposed that
the morphological changes on enterocytes are probably related to modifications in the cell proliferation. In nippostrongylosis, the changes in villous
and cell q
D
O
t
r
aDhv
o in the ileum were also associated with an increased depth of crypts and a significant increase in the percentage of arrested metaphases (Symons 1978). The exact mechanism by
which worms could influence the cell proliferation
beyond the sites of infection is still unknown
although the role of the cellular immune response

in the lamina propria was often suspected (Ferguand Jarrett 1975, Symons 1978, Cheema and
Scofield 1982).
In nippostrongylosis, functional changes accompanying the modifications of the mucosal topography in the distal small intestine have been investigated. An increased rate of absorption of glucose
was found in the ileum of infected rats (Symons
1976b) and the distal part of the small intestine
appeared thus to constitute an adaptative reserve
of the organ. In T colubriformis infection in rabbits,
no information is available and further works are
required to investigate functional significance of
the histological and morphological changes in the
distal region.
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Abstract
The jejunum and ileum of rabbits infected by immature stages of Trichostrongylus colubriformis were
examined with the scanning electron microscope. In the heavily parasitised jejunum, the normally
leaf-shaped villi often showed abnormal shapes. Surface epithelial cells became rounded and domeshaped, and apical microvilli appeared irregular. In the ileum, where the density of worms was much
lower than in the jejunum, the main difference observed was the irregular arrangement of the microvilli.
The changes observed in rabbits parasitised with immature T colubriformis were compared with previous
scanning electron microscope observations of lambs and rats infected with adult intestinal nematodes
and the origin and functional significance of the lesions were discussed.
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