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Ultrastructural Study on Experimental Infection of
Rotavirus in a Murine Heterologous Model
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Viral replication, histopathological and ultrastructural changes were observed for a period of nine
days in the small intestine of suckling mice infected with a simian rotavirus (SA11). Samples taken
from duodenum, jejunum and ileum were prepared for light microscopy, transmission and scanning
electron microscopy analysis.

Histopathologic effect could be detected within 8 hr post-infection, when only a few altered cells
were observed. Damage was extensive after 16 hr post-infection, showing swollen enterocytes and
reduced and irregularly oriented microvilli at intestinal villi tips. Virus particles were detected at 16
and 48 hr post-infection, budding from the viroplasm into the rough endopl. mic reticulum cisternae
in ileum enterocytes. Clear evidence of viral replication, observed by electron microscopy was not
described before in heterologous murine models. Regeneration of the intestinal villi began at the third

day post-infection.

Despite some differences observed in clinical symptoms and microscopic analysis of homologous
and heterologous rotavirus infections, we concluded that mechanisms of heterologous rotavirus
infection in mice follow similar patterns to those observed in the homologous models.
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Rotaviruses have been identified as the main
ethiologic agent causing diarrhoeal disease in
several animal species and humans (Estes et al.
1983, Muniappa et al. 1987, de Castro et al.
1988, Kapikian & Chanock 1990). Therefore
vanous experimental animal models for rotavirus
dissemnination and for studies in vaccine develop-
ment have been established.

Histological and electron microscope obser-
vations of experimental infections by homolo-
gous rotaviruses have been made in several mo-
dels, such as mice (Adams & Kraft 1967, Ban-
field et al. 1968, Coelho et al. 1981, Starkey et al.
1986, Osborne et al. 1988, Ijaz et al. 1989), lambs
(Snodgrass et al. 1979, Chasey & Banks 1986),
calf (Mebus & Newman 1977), rats (Hu-ber et al.
1989) and piglets (Butler et al. 1974, Saif et al.
1978, Pearson & McNulty 1979, She-pherd et al.
1979, Narita et al. 1982, Theil et al. 1985).

The mouse model has been shown easy to
handle and has reduced costs advantages. Ex-
perimental infections using heterologous rotavi-
ruses in the mouse model reproduced the disease
with human (Gouvea et al. 1986, Bell et al. 1987,
Ebina et al. 1990), bovine (Ijaz et al. 1989) and
simian rotavirus (Offit et al. 1984, Kubelka et al.
1994).
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Ultrastructural studies using heterologous
models in mice demonstrated morphological
lesions in the villous epithelium (Gouvea et al.
1986) and virus particles inside the enterocytes of
villous tips (Ijaz et al. 1989), without showing
viral replication. This report describes sequential
changes in intestinal cells and virus replication
observed in mice infected with SA11 rotavirus,
using light and electron microscope methods.

MATERIALS AND METHODS

Animals and virus infection - Swiss mice
(SW 35) were originated from a colony main-
tained at the Biomedical Institute, Fluminense
Federal University (Niterdi, Brazil). The absence
of serum antibodies to rotavirus sorotype A was
confirmed by the enzyric immunoassay method.

Seven-day old mice were orally infected with
100 ul containing 4 x 10 PFU per animal of
SAll virus and were killed at 2, 4, 8, 16, 24 hr
and 2, 3, 5, 9 days post-infection (p.i.). Control
mice were inoculated with uninfected MA-104
cells.

Segments of duodenum, jejunum and ileun
were colected for viral RNA analysis and for
virus detection in the faeces by negative staining
electron microscopy and fixed for histological
and cytological observations.

Polyacrilamide gel electrophoresis - The
detection of SA11 virus nucleic acid in intestinal
homogenates from infected mice was ac-
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complished by a modification done by Pereira et
al. (1983) in the method described by Laemmli
(1970). The viral suspension obtained from in-
fected mouse intestines and faeces was
centrifuged and trypsin solution (10 pg/ml) was
added to the supermatant. After incubation at
37°C for 30 min, MA104 cell monolayers were
inoculated with 100 pl of each virus sample and
adsorved at 37°C for 30 min. The inocullum was
replaced with fresh Dulbecco’s medium supple-
mented with trypsin (10 pl/ml), incubated at
37°C and daily observed. Cultures were frozen
when cytophatic effect was observed. An aliquot
of the infected cellular culture was incubated
with 50 pl of 10% sodium dodecyl sulfate and 50
ul of 2 mg/ml of proteinase K at 37°C for 30 min.
This mixture was then extracted with 500 pl
phenol-chloroform V/V and centrifuged for 10
min at 12,000 g. The aqueous phase was
separated and RNA was precipitated by addition
of 50 pl of 20% NaCl and 1 ml ethanol at -20°C
for 18 hr. The extract obtained was dried for 5
min in Speedvac or for 10 min in a dessecator.
Then, 30 ul of the dissociating mixture was
added and incubated for 15 min at 56°C. As con-
trol patterns rotavirus samples used were SAll
and EDIM. RNA detection was made by the
method of silver nitrate staining described by
Sammons et al. (1981) and modified by Herring
et al, (1982).

Light microscopy (M) - Semi-thin sections
wee made from intestine samples previously em-
bedded in Epon, stained with a methilene blue-
azure 1] solution in phosphate buffer, pH 6.9, and
a basic fucsin solution in 50% ethanol (Hum-
prhey & Pittman 1974) and observed in a Zeiss
Axiophot microscope.

Electron microscopy - For negative staining,
10 pl of guinea pig anti-rotavirus 1:100 diluted
serum were added to 10 pl of the infected intes-
tinal suspension and the mixture was incubated at
37°C for 30 min. Further 5 pl of a protein-A, col-
loidal gold linked solution, diluted 1:40 in PBS,
were added and again incubated at 37°C for 30
min. A drop of this suspension was placed on car-
bon-coated Formvar grids, stained with 2% phos-
photungstic acid (pH 7.2) and examined by trans-
mussion electron microscopy (TEM).

For scanning electron microscopy (SEM), in-
testine segments were fixed with 2% glutaral-
dehyde in 0.1 M phosphate buffer, pH 7.2. Seg-
ments were washed in phosphate buffer contain-
Ing 7.2% sucrose, post-fixed in 1% osmium
tetroxide, dehydrated in acetone, critical point
dryed and coated with gold. Observations were
made using a Zeiss DSM 940 scanning electron
Mmicroscope.

For transmission electron microscopy, sam-
ples of the intestine were identically fixed and
washed, they were dehydrated in graded acetone
and embedded in Epon. Ultrathin sections were

stained with uranyl acetate and lead citrate and

examined with a Zeiss EM-900 electron micro-
scope.
RESULTS

Clinical symptoms, viral RNA detection, and
viral particles identification - The SAll inocu-
lated mice used for our ultrastructural studies
showed first diarrhoeal symptoms at 24 hr post-
infection. Most animals developed intense diar-
rhoea at 48 hr post-infection. By 72 hr post-infec-
tion, mice had recovered from diarrhoea.
Genome analysis by eletrophoresis on polyacry-
lamide gels confirmed segment profiles charac-
tenistic of rotavirus SA11 (Fig. 1).

Immunoelectron microscopy, using the nega-
tive staining technique, confirmed rotavirus
shape and antigenicity in the material recovered
from infected mice (Fig. 2).

MORPHOLOGICAL OBSERVATIONS

Control animals - Light microscope observa-
tions of small intestine segments showed most
villi regularly shaped. Granular vacuolation of
the cytoplasm of villous epithelial cells was ob-
served in the duodenum and jejunum (Fig. 3).
Nuclei were found basal and regularly situated in
all small intestine segments.

By scanning electron microscopy observa-
tions, villi are usually fingerlike shaped with
round and smooth tips (Fig. 4). Apparently, their
microvilli were equaly long (Fig. 5).

Transmission electron microscopy showed a
well preserved layer of columnar epithelial cells,
with long and regularly placed microvilli. The
cytoplasm of these cells was dense, no necrotic
elements were found and the usually oval shaped
nuclei were placed at the basal region. The
vacuolation observed in epithelial cells from con-
trol animals were always homogeneous, typical
of the lactent age (Fig. 6). No loss of villous
epithelial cells was observed.

INFECTED ANIMALS

Initial features of infection - Tissue and cell
damage was not yet observed at 2 to 6 h.p.i. in
most of Intestinal villi. A few cells at the intes-
tinal villous tips begun to be swollen and vacuo-
late at 8 h.p.i.

Viral replication stage - At 16 h.p.i, viral in-
fection had already progressed. At light micros-
copy observation, intestinal villi remained long,
but some enterocytes at the villous tips were
markedly altered. Most cell nuclei remainned at
the enterocytes cell basis. From 24 to 48 h.p.i.
structural desorganization was evident, showing
more intense and severe villous damage.
Epithelial cells were rounded, shortned and swol-
len, mainly at the villous tips, sometimes det-
tached from adjacent cells and shed into the in-
testinal lumen (Fig. 7). Cells lost their nuclear
polarity, showing increased apical vacuolation
(Fig. 7). The destruction of villous tips and
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Fig.1: electrophoresis on polyacrylamide gels of rotavirus RNA. a: simian rotavirus SA11. b: control cell culture
(MA104). c,d: cell culture with SA11 rotavirus of intestinal content of mice infected at 16 hr. e.f: cell culture with
SAI11 rotavirus of intestinal content of mice infected at 24 hr. g h: cell culture with SA11 rotavirus of intestinal con-
tent of mice infected at 48 hr. i: murine EDIM rotavirus. Fig. 2: TEM - Immunoelectron microscopy, showing a
viral particle labelled with guinea pig anti-rotavirus serum linked to protein A-colloidal gold conjugate, 250000 x.
Bar= 60 nm. Figs 3-5: control animals. Fig. 3: LM - Intestinal villi showing absorptive cells with regular and basal-
ly placed nuclei, 400 x. Bar= 20 ym. Fig.4: SEM - Intestinal villi with smooth and regularly rounded tips, 520 x.
Bar= 25 ym. Fig. 5: SEM - Microvilli of absorptive cells are long and regularly distributed, 5000 x. Bar= 2um

moderate oedema in the lamina propria could be
observed in all gut segments.

When observed by SEM, all villi appeared
shortned with swollen or destroyed tips, confirm-
ing an extensive damage at 48 h.p.i (Fig. 8). Ad-
vanced pathologic effects were observed in all

regions of the small intestine. Changes occured
also 1n some villous absorptive cells at TEM
level of resolution, whereas some other cells
retained normal morphology (Fig. 9). Infected
and damaged cells were markedly swollen, but
there was no apparent discontinuity in the cell
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Fig. 6: TEM - Enterocyte of control suckling mouse, showing long and regularly distributed microvilli (MV), a
dense cytoplasm, mitochondria (M) and homogeneous vacuolization, beside a goblet cell (C), 8800 x. Bar= | pum.

Figs 7,8: infected animals. Fig. 7: LM - Villous tips showing some swollen epithelial cells (arrow), 400 x. Bar= 20
pm. Fig. 8: SEM - Intestinal shortened villi with destroyed tips, 300 x. Bar= 25 um

membrane. The cytoptasm was vacuolated,
rarefied and distended. Microvilli of vanable
length, thickness and shape were irregularly dis-
posed and sometimes totally lost (Figs 9,13). Oc-

casionally mitochondria appeared morphological-
ly changed. These cells presented picnotic and ir-
regular shaped nuclei.
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Figs 9-12: infected cells. Fig. 9 TEM - Intestinal villous showing some epithelial cells (arrows) morphologically
changed, whereas others retain normal morphology (right side), 1800 x. Bar= }0 #m. Fig. 10: enterocyte with a
viroplasm (VPL), showing virus particles inside the RER (arrows), nucleus (N) and a large vacuole (V), 11100 x.
Bar= 1,2 uym. Fig. 11: TEM - Viroplasm with precursor particles (arrow), budding into the RER, V= vacuole, N=
nucleus, 19200 x. Bar= 0,5 pm. Fig.12: TEM - Viroplasm (VPL) showing particles type II (large arrow) and type 111
(small arrow) inside the RER, 31000 x. Bar= 0,5 pm.
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Fig. 13: TEM - Infected enterocyte at 48 hr showing viral particles shedding into the intestinal lumen, still inside
RER vesicles (arrow), 7700 x. Bar= 1 um. Figs 14-16: recovery step. Fig. 14: LM - Intestinal villi presenting no
significative lesions, demonstrating tissue recovery at 72 hr, 200 x. Bar= 40 um. Fig. 15: SEM - Villi do not show
morphological alterations at 72 hr, 336 x. Bar= 25 pym. Fig. 16: SEM - A regenerated intestinal villous tip, nineth
day post-infection: cell surfaces are covered by regularly disposed microvilli, 33870 x. Bar= 2 um.
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Viral particles were seldom detected inside
ileun epithelial cells at 16 h.p.i., but their
presence confirmed that viral replication occured
(Fig. 10). Presumed virus precursor particles
were associated with dense, amorphous
viroplasm, from where they budded into the
rough endoplasmic reticulum (Fig. 11). During
this stage they picked up a portion of the RER -
membrane as a virus particle transitory envelope.
Inside the RER, enveloped putative viral particles
were transformed in mature virus particles after
loosing its transitory envelope, when they ap-
peared more electron translucent with a smooth
fuzzy coat. Enveloped particles with 70-80 nm
and fuzzy coated particles with 50-70 nm in
diameter were found together inside cisternae of
the RER (Fig. 12). Afterward, groups of
presumed virus particles, still inside RER
vesicles were shedded into the intestinal lumen,
together with some cellular content (Fig. 13).

Recovery step - Pathological analysis made by
light microscopy at 72 h.p.i. did not detect any
significative lesion at the small intestine seg-
ments, confirming tissue recovery. Villi had
regular arquiteture; the enterocytes had granular
vacuolation and nuclei showed basal polarity
(Fig. 14). By SEM observation, no morphological
changes of the intestinal villi were detected (Fig.
15), and enterocytes recovered their original
shape (Fig. 16). Absorptive epithelial cells were
not altered showing normal villi in all gut seg-
ments.

DISCUSSION

Pathology and viral replication of a simian
rotavirus SA1l1l infection in an heterologous
model of suckling mice were elucidated by
ultrastructural observations.

Light microscopy data were similar to those
described by Gouvea et al. (1986), ljaz et al.
(1989), Ebina et al. (1990) and Kubelka et al.
(1994), also using heterologous models. His-
topathological aspects of our model with a SA11
rotavirus were similar to the Epizootic Diarrhea
of Infant Mice (EDIM) rotavirus (Adams & Kraft
1967, Coelho et al. 1981, Stephen 1988);
however, EDIM persisted at least for seven days
(Coelho et al.1981, Osbome et al.1988), while
recovery from SAIl! infection was observed at
the third day p.i.

In our experiments, severe tissue damage oc-
curred at 48 h.p.i.. General redution and destruc-
tion of intestinal villous tips were shown by light-
(LM), scanning electron- (SEM) and transmis-
sion electron microscopy (TEM). These
pathologic changes were observed also in mice
infected with human rotavirus (Gouvea et al.
1986) and by porcine rotavirus in an homologous
model (Theil et al. 1985). EDIM showed ad-
vanced lesions of intestinal villi (Coelho et al.
1981, Chasey & Banks 1986, Starkey et al.
1986), but severe villous atrophy as we observed
was only described by Osbome et al. (1988) and
Stephen (1988).

Syncytia of absortive epithelial cells have
been described in atypical rotavirus infections
(Mebus et al. 1978, Askaa & Bloch 1984,
Vonderfecht et al. 1984, Chasey & Banks 1986,
Vonderfecht et al. 1986, Huber et al. 1989).
Nuclei with abnormal polarity and clustered
together were here observed in enlarged cells by
light and electron microscopy. True syncytia
were never found, since cell membrane dissolu-
tion could not be detected.

Presumed virus particles localized between
microvilli as well as within the enterocyte
cytoplasm were observed at TEM by ljaz et al.
(1989) during bovine rotavirus infection in mice.
Nevertheless, these findings can not be con-
sidered as true evidence of viral replication at the
ultrastructural level. We observed virus particles
budding from viroplasm already at 16 h.p.i.,
which we interpret as signs of active viral
replication. Such phenomenum has not yet been

described for heterologous murine experimental
models.

The different types of presumed viral particles
characterized in our experimental model are in
agreement with the morphological types I, IT and
I1I established by Chasey (1977) and Petrie et al.
(1981), Schulze and Schumacher (1984) and
Poruchinsky and Atkinson (1991). They related
the type III particles to the end-phase of viral as-
sembly, which correspond to complete infectious
virus particles. On the other hand, several authors
(Banfield et al. 1968, Pearson & McNulty 1979,
Coelho et al. 1981, Narita et al. 1982) claimed
that particles budding from the viroplasm to the
RER would be virions (type II) and would cor-
respond to the double-shell (ds) rotavirus par-
ticles observed by negative staining; smaller par-
ticles (type III) would represent the single-shelled
(ss) particles. Further observations using technics
such as immunocytochemistry and in siru
hybridization may better explain these stages of
virus maturation.
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