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Uptake of yeast (Saccharomyces boulardii) in
normal and rotavirus treated intestine

J Cartwright-Shamoon, G R Dickson, J Dodge, K E Carr

Abstract
Background-There has recently been
a growing interest in the use of the
non-pathogenic yeast Saccharomyces
boulardii, in the treatment of gastroin-
testinal disorders, including diarrhoea.
The full effects of administration of the
yeast are not fully understood.
Aims-To investigate the morphological
effects ofinoculated S boulardii on mouse
intestinal villi, both in control animals
and those treated with rotavirus.
Methods-Seven day old BALB/c seroneg-
ative mice were intubated with either
rotavirus (30 [1l orally) or S boulardii (1.5
glkg) or both rotavirus and S boulardii
administered together. Control animals
were given saline only. Animals were
killed by decapitation 48 hours post-
treatment. The middle region of the small
intestine was studied using light
microscopy and transmission and scan-
ning electron microscopy, including
backscattered electron imaging.
Results-Animals treated with rotavirus
with or without S boulardii developed
severe diarrhoea and showed morpho-
logical villous changes such as stromal
separation and increased epithelial vacuo-
lation. Specimens treated with S boulardii
contained yeast particles within the
mucosal tissues.
Conclusion-The administration of S
boulardii did not influence the changes
produced by rotavirus, but yeast particles
appeared to be taken up by the villous
mucosa, with the predominant route
apparently being uptake between adjacent
epithelial cells.
(Gut 1996; 39: 204-209)
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In recent years there has been a growing
interest in the use of the thermophilic non-

pathogenic yeast Saccharomyces boulardii for
the treatment of gastrointestinal disorders. The
disposition kinetics of S boulardii have been
characterised in humans' and the yeast has
been shown to have no adverse side effects
when given to both humans and animals.2 It
has been used to treat irritable bowel syndrome
associated with diarrhoea3 and used in many
Westem European countries in cases of acute
infectious diarrhoea and other gastrointestinal
disturbances associated with antibiotic use.4 5
The mode of action ofS boulardii remains to be
fully established, although some workers have

suggested that this yeast might suppress the
growth of pathogenic bacteria and improve
colonisation resistance in the gut.6

It is possible that yeast may enter human
intestinal mucosa7 8: this suggests that yeast
entry may be similar to particle uptake and
translocation. The terms uptake and trans-
location are commonly used to describe the
movement across the mucosa and beyond. In
general, this describes the phenomenon pre-
viously described as persorption9 10 applied
particularly to particles in the micron range
and possibly involving a paracellular mech-
anism. The extent, timescale, and limiting
factors of this process have been reviewed."1-3
The types of particles that have been studied
include latex, starch, carbon, and other inor-
ganic substances, which have been detected in
the tissues of the gastrointestinal tract and in
secondary organs, such as mesenteric lymph
nodes, liver, and spleen. The relevance of this
work to our study is found in the descriptions
of the uptake of bacteria and in comments on
the clinical significance of the process.14 15
This paper expands on a previous short
description of S boulardii uptake and trans-
location'6 and describes the sites involved in
this process in the villous mucosa. It also
describes the morphological effect of S
boulardii treatment on the small intestine of
mice infected with rotavirus with respect to its
possible antidiarrhoeal role.

Methods

Animals
BALB/c seronegative pathogen free (SPF)
mice (ICN Biochemical) were paired together,
in positive isolators, for breeding purposes and
fed y irradiated rodent food. For each experi-
ment, five to six litters (n=4-5 mice/litter) of 7
day old mice were raised in individual litters
along with their mothers.

Animal groups and treatment
The administration of S boulardii yeast (strain:
Endomycetes; Biocodex, Montrouge, France) to
infected and control mice was carried out by
means of intubation. A dose of freshly
prepared suspension of the yeast was made by
suspending 7X5 mg of lyophilised S boulardii
in 05 ml of 09% saline (6X108 viable
organisms/ml) and was given every six hours
for two days, eight treatments in 48 hours,
while control animals were intubated and given
saline only. All animal procedures were carried
out by licensed staff and in accordance with
Home Office regulations.
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Three experimental groups of mice (n=3-
5/group) were examined. In group 1 animals
were infected with rotavirus (virus group; one
experiment, three animals). The Cambridge
strain of EDIM rotavirus, used in all infection
experiments, was stored at -70°C. Weanling
mice were infected by oral administration of a
dose of 30 ,1 of virus suspension in buffer (1.5
mM CaCl2 2H20 in 0 1M TRIS-HCI pH 7.2)
and returned to their dams. This dose con-
tained 104-5 ID50 and the infectivity of the
preparation remained high through the period
of this work. At this stage all infected mice
were kept in a negative pressure isolator.
Diarrhoea was detected visually by examina-
tion of mice on three occasions per day for the
presence of faecal staining of their abdominal
skin. In group 2 they were treated with the
yeast alone (yeast group; two experiments,
three animals each, total six), and in group 3
with both organisms (virus/yeast group; one
experiment, three animals). Controls received
saline only (control group; two experiments).

Tissue sampling and microscopy
Mice were killed by decapitation, group 1: 48
hours post-treatment with EDIM rotavirus,
group 2: 48 hours post-treatment with
S boulardii, group 3: 48 hours post-treatment
with virus/yeast. The controls were also killed
at this point: all mice were therefore 9 days old
when studied. The middle region of the small
intestine was cut into small pieces (between
2-4 mm2) and immersed in fixative, 2.5%
glutaraldehyde in O 1M phosphate buffer pH
7.217 for 24 hours. Three specimens (2-3 mm2
in size) from each animal were prepared for
light microscopy (LM) and backscattered elec-
tron imaging (BSI). Sections for examination
by transmission electron microscopy (TEM)
were taken from selected blocks from each
group, where LM or BSI results indicated that
this would be of interest. Specimens were post-
fixed in 2% OSO4 in O IM phosphate buffer,
pH 7.2, dehydrated sequentially in ethanol
solutions (up to 100% ethanol), and finally
transferred into acetone. Specimens were

Figure 1: (A) Light
micrograph of the middle
intestine of 9 day old mouse
48 hours post-saline
treatment (control). The
tall absorptive cells are
closely packed and the
stroma also shows a densely
packed cellular
arrangement. (B): Light
micrograph of villus from a
mouse 48 hours
post-infection with
rotavirus. The absorptive
cells are disorganised
(arrow) and the stroma
shows vascular dilatation
and a loose cellular
arrangement (original
magnification X800).

embedded in epon-araldite mixture overnight,
prior to tissue embedding and resin polymeri-
sation. For LM and BSI, semi-thin sections 1
,um thick were cut using a Reichert-Jung
Ultramicrotome. Sections were either pre-
pared for LM by mounting on slides and stain-
ing with toluidine blue, or prepared for BSI by
mounting on coverslips and coating with
carbon, using a BioRad E6200 Turbo coater.
Ultra-thin sections (50-70 nm) for TEM were
cut on a Reichert-Jung Ultramicrotome and
stained with methanolic uranyl acetate and
lead citrate. For scanning electron microscopy
(SEM), three specimens (3-4 mm2) from each
animal were fixed with 2.5% glutaraldehyde as
above and dehydrated through a graded series
of ethanols and amyl acetate, frozen in Freon,
freeze-dried, and gold coated in a Polaron
E5150 sputter coater.

For isolated yeast preparations, approxi-
mately 10 mg of dry S boulardii was placed in a
plastic porous container (1 pgm pore size) and
suspended in 1 ml saline at room temperature.
The container was immersed in fixative, 2.5%
glutaraldehyde in 0 1iM phosphate buffer pH
7.2 for 24 hours. Yeast particles for LM, BSI,
andTEM were post-fixed in 2%/OSO4 in 0 1iM
phosphate buffer, pH 7-2 and processed for
LM, BSI, and TEM as described above. For
SEM, isolated yeast particles were fixed with
2.5% glutaraldehyde, dehydrated through
graded ethanols, critical point dried, and gold
coated as above.
LM of sections of villi were examined using

a Leitz Dialux 22 light microscope with a 35
mm camera attachment: the incidence of yeast
particles per villous profile was estimated from
these sections for three animals per group.
Carbon coated specimens were examined
using a JEOLIJSM-840A scanning electron
microscope in the backscattered electron
mode.'8 Ultra-thin sections of villi were
screened using a JEOIJJSM 1OOCXII trans-
mission electron microscope. Gold coated
specimens were examined with a JEOIJJSM-
840A scanning electron microscope. For all
techniques, yeast particle dimensions, both for
isolated preparations and for tissue specimens,
were checked against published values.

Results

Animal health
Animals from the control group and those
treated with S boulardii alone (yeast group)
showed no signs of diarrhoea and appeared
healthy. By 24 hours, approximately half of the
mice in groups 1 and 3 (virus group and
virus/yeast group), showed signs of severe diar-
rhoea and by 48 hours all animals in both
groups were affected.

Morphology: effect of virus treatment
The villi of control animals appeared normal
(Fig IA). The simple columnar epithelium
covering the villus formed a continuous sheet
of densely packed cells with oval nuclei located
in the lower half of each cell. The core of the
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Figure 2: Scanning electron
micrograph of the middle
intestine of 9 day old mouse
treated with S boulardii
showing severalyeast
particles (arrow) adhering
to the villous surface.
Particle size (mean (SD)):
4.0 (0.3) ,mX3.7 (0(4)
gum (original magnification
X1490). Insert: SEM of
isolatedyeast preparation.
Particle size (mean (SD)):
2-8 (0.2) jamX2.3 (0.2)
,um (original magnification
X5600).

villus contained a highly cellular connective
tissue (lamina propria), rich in cells of the
immune system. Animals in the virus group, on
the other hand, showed a disturbed villous
organisation (Fig 1B). The absorptive cells of
the columnar epithelium appeared disorganised
with irregular nuclei. The stroma had lost its
packed cellular organisation and cells were dis-
persed when compared with those in controls.

Morphology: effect ofyeast treatment
Figures 2-6 show the effects ofyeast treatment,
with pictures of isolated yeast particles, seen as
clusters of oval asymmetric structures, being
included as inserts where appropriate. Yeast
particles were seen within the lumen, adhering
to the villous surface (Fig 2) and taken up into
the villous compartment of intestinal samples

from both yeast and virus/yeast groups (Figs 3-
6). In the yeast group, the presence of particles
(Fig 3) appeared to be the only morphological
change seen in those specimens by comparison
with untreated controls. In specimens from the
virus/yeast group, particles were seen side by
side with all the features produced by the virus
alone, such as stromal separation (Fig 4). The
measurements for length and width of the par-
ticles are of the same order of magnitude for all
techniques, with the maximum sizes being
somewhat larger (6X6 umX66 1 ,um) for
particles within intestinal tissues than those on
villous surfaces (4.0 ,umX37 ,um) or in iso-
lated yeast specimens (3.0 ,umX2.5 ,um).
Particles within the tissue had an internal sub-
structure and were identified as S boulardii by
their similarity to the isolated yeast (Figs 3-5).
In some cases they were associated with a
break between epithelial cells, although serial
sections were necessary to identify this and also
to confirm that they were within the tissue and
not located on the section as a result of sec-
tioning artefact (Fig 6). Many particles were
found between the basal parts of adjacent ente-
rocytes, where they could be identified inTEM
and BSI (Figs 5 and 6). There were also some
sightings of particles apparently lying within
enterocytes (Fig 6). Preliminary analysis of the
incidence of yeast uptake in light microscopy
specimens showed no substantial difference in
the proportion of villi demonstrating uptake
between the virus/yeast and yeast groups, with
the extent of involvement in intraepithelial
uptake being in the order of 20-50% of villi
examined.

Discussion
Infection of mice with rotavirus has been
widely used as an animal model for studying

Figure 4: SEMlbackscattered electron image ofa resin
Figure 3: Light micrograph of the middle intestine of 9 day section of the middle intestine of 9 day old mouse 48 hours
old mouse treated with S boulardii. A yeast-like particle post-infection with rotavirus and post-treatment with S
(arrow) is clearly seen within the villous tip. Particle size boulardii. The stromal cells are widely separated. Yeast
(mean (SD)): 5-2 (0-6) ,jmX4.9 (0-4) gm. Oil particles are clearly seen inside the villous epithelium
immersion (original magnification xl800). Insert: Light (arrow). Particle size (mean (SD)): 6-6 (0.7) ,gmX6.1
micrograph of isolatedyeast preparation. Particle size (0 65) gum (original magnification X1490). Insert: BSI of
(mean (SD)): 19 (02) ,umX2 6 (025) gum. Oil isolatedyeast preparation. Particle size (mean (SD)): 3-2
immersion (original magnification X5400). (0-3) ,umX2.8 (0.35) ,m (original magnification X5600).
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Figure 5: Transmission electron micrograph ofa specimen
from middle intestine of 9 day old mouse 48 hours post-
treatment with S boulardii. Particles (arrow) are seen
between the enterocytes. The fact that the level of the section
is at the base of the enterocytes is shown by the proximity of
a stromal blood vessel (S). Particle size (mean (SD)):
4-7 (0.7) ,umX3.6 (0.65) ,im (original magnification
X3600). Insert: TEM of isolated yeast preparation.
Particle size (mean (SD)): 2-9 (0.3) ,umX2.5 (0.3) gum
(original magnification X9000).

diarrhoea in the young after exposure to
rotavirus, although a recent paper has com-
mented that neonatal rats may be an excellent
model.'9 Our study shows that rotavirus infec-
tion produces a severe diarrhoea in neonatal
mice. In morphological terms, this study con-
firmed that viral infection of the intestine pro-
duces several changes in villous cells,20
including vacuolated enterocyte cytoplasm and
extensive oedema of the lamina propria.21 As
all of the animals studied had diarrhoea, it is
not possible to comment on whether the
changes to villous morphology were caused by
this or by other virus related changes.
However, the administration of the anti-diar-
rhoeal S boulardii to the virus treated animals
had no effect on diarrhoea produced by the
rotavirus, as shown by the. continuing
presence, despite yeast administration, of gas-
trointestinal signs and of viral induced
morphological features.
A significant finding not previously recorded

was the detection, using microscopy tech-
niques, of yeast-like particles within the intesti-
nal epithelium and lamina propria of treated
animals, but not of controls: care has been
taken in the interpretation of the images
collected, to exclude inaccurate differentiation
in LM between epithelial yeast particles and
vacuoles and in BSI between yeast particles and
either section blemishes or small lipid droplets,
both seen in control as well as treated speci-
mens. The identification of the particles as
yeast is based on similarities in size and shape
between the particles within the intestinal
tissues and the isolated yeast. The sizes are
similar to the value supplied by the manu-
facturer.22 The shape and substructure of the
particles within the tissue are also similar to that
of the isolated yeast in this study and of yeasts

in general.23-25 The fact that yeast dimensions
appear smaller in pure preparations in contrast
with those in tissue may be related to the
greater support provided to the particles by the
surrounding tissue during processing, when
dehydration mediated shrinkage occurs.
The identification of yeast-like structures

within the villous stroma and epithelial sheet
and the fact that their size is in the micrometre
range makes it probable that uptake and trans-
location are involved. There are few published
reports on uptake of S boulardii. The only
relevant paper26 describes S boulardii as inhibit-
ing the translocation of orally administered
Candida albicans in mice. However, the report
described the number of translocated Candida
albicans in secondary organs such as lymph
node, liver, and kidney and it is difficult to relate
this to this study.
With respect to possible mechanisms

involved in uptake and translocation, three
possible routes are listed" 12; via M cells in
Peyer's patches, by transcellular passage
through epithelial cells or paracellularly
between them. All of these routes could be rel-
evant to this study. Although much has been
made of the importance of Peyer's patch dome
M cells, there have also been comments that
Peyer's patch villi and non-Peyer's patch
mucosa are important27-29: this study certainly
shows yeast within the villous compartment,
but no comment can be made on the possible
involvement ofM cells, because the specimens
did not include Peyer's patches.

Figure 6: (A) SEM/backscattered electron image ofa resin
section of the middle intestine of 9 day old mouse 48 hours
post-treatment with S boulardii, showing severalyeast
particles (arrow): most are between the basal parts of
adjacent enterocytes (original magnification X700).
(B) SEM/backscattered electron image of corresponding
area on an adjacent section, illustrating the same pattern of
particles, which are therefore within the tissue (original
magnification X700). (C) Detail ofa yeast particle from
an area similar to that illustrated in Fig 5, showing the
relation between the particle and the cell membranes
(arrow) of the cells between which the particle is sitting
(original magnification X29 000). (D) Detail ofparticles
and surrounding enterocyte cytoplasm. The lack of
enterocyte cell membrane around the particles suggests that
they are sitting within one of these cells, rather than in the
intercellular space between two adjacent cells (original
magnification X15 000).
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There is little difficulty in proving the
presence, in yeast treated samples, of particles
between cells, with the cellular membranes
and intercellular spaces clearly visible. Some
particles are also seen in an apparently intra-
cellular position, with no surrounding mem-
brane: further work is needed with sampling at
several time points after administration ofyeast
and with extensive serial sectioning for TEM
to prove conclusively that these particles are
being taken up through the cells and are not
extracellular, with image interpretation
affected by a plane of section effect. The data
so far available, however, show that particles
seem to be more common between the cells
than within them, indicating that the para-
cellular pathway may be more important than
the transcellular route, with the particles some-
times lining up as though delineating a
favoured method of entry between cells.
Several villi also displayed particles in associ-
ation with breaks in the epithelial sheet. This
could identify the original route of entry, but
does not prove conclusively that the break
occurred before the specimen was collected:
such breaks might have been produced artefac-
tually at places where the tissue was stressed by
the presence of a row of particles between the
cells. Whatever the extent of the break between
neighbouring epithelial cells, any movement of
particles paracellularly could have as a rate lim-
iting factor the physiological regulation of
enterocyte tight junctions, although the role of
the junctional complex region in uptake and
translocation is still unclear. Uptake may,
therefore, be possible at these sites, which in
other conditions act as protective barriers.30

Further studies using yeast may provide
information on the exact uptake mechanism,
as it is obvious that this model allows a
thorough examination of the structural
features associated with particle movement.
Particular consideration might be given to the
importance of the level of maturity or aging,
because this is known to affect uptake and
translocation, although published work on this
subject is confusing. On one hand, there are
reports of pre-weaning rats having greater
uptake and translocation than post-weaning
rats, possibly linked to variations in stomach
emptying, ileal transit rate, and increase in gut
length31 and also to physiological differences in
immature enterocyte function. On the other
hand, a comparison between young and aged
mice showed more particles in aged Peyer's
patches, but fewer in lung.32 This unexpected
finding was linked to variations in transit time
and particle clearance. This study cannot
resolve these differences, but can confirm that
the immature mice used were certainly able to
take up substantial quantities of yeast.
Although this study did not have as a prime
objective a quantitative study of the effect of
EDIM rotavirus on yeast SB uptake and trans-
location, the preliminary data presented here
indicate that the process is not substantially
affected by virus treatment. This may imply
that uptake involves parts of the villus that
are not adversely affected by the presence of
abnormalities related to the rotavirus infection.

That further work is necessary is underlined
by the possible clinical relevance'5 of yeast
mediated particle uptake and translocation.
The potential applications of the process
include vaccine release,33 oral immunisation,34
drug deliveryll 35 or targeted treatment of
inflammation.14 Any particulate substance
used regularly for human treatment should be
thoroughly investigated to explore the extent to
which translocation occurs, to define what, if
any, are the effects on the tissues involved, and
how the process might be changed by the
presence of an underlying pathology.
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