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Abstract. Type 1 mouse adenovirus has been associated generally with nonlethal infec-
tions in adult mice. In contrast, athymic (nude) adult mice developed a lethal wasting disease
following inoculation with type 1 mouse adenovirus (Strain FL). A characteristic duodenal
hemorrhage occurred in the diseased mice immediately before death. Intranuclear inclusion
bodies were observed in mucosal cells of the villi and crypts of the duodenum. Intranuclear
adenovirus particles were observed in endothelial cells of the villi indicating that adenovirus
replication was associated with the characteristic duodenal lesion. These observations indi-
cate that type 1 mouse adenovirus should be considered as a candidate virus in the wasting

disease syndrome of athymic (nude) mice.

Mouse adenovirus, a member of the
Adenoviridae family (1), is species specific
(2, 3). Two serotypes, MAdl and MAd2,
have been identified (4, 5). MAd2 was as-
sociated with a nonlethal and localized en-
teric infection, whereas MAd! induced a
systemic and frequently fatal disease in
suckling mice (6—11). Inoculation of adult
mice with MAdI resulted in a systemic
nonfatal disease characterized by develop-
ment of neutralizing and complement fixing
antibodies (12). The infectious virus has
been recovered from thymus, spleen,
leukocytes, lymph nodes, lungs, large in-
testine, kidneys, and urine. However,
pathologic changes in intestinal tissue fol-
lowing MAdI1 infection was not noted.

An apparent mouse adenovirus infection
of congenitally athymic (nude) mice housed
under conventional conditions has been re-
ported by Cohen and de Groot (13). Large
amphophilic inclusion bodies within swol-
len nuclei of enlarged mucosal cells located
in the duodenum, jejunum, or ileum were
noted in 30% of the mice that died spon-
taneously or were killed when moribund.
Examination of these tissues by electron
microscopy revealed clumps of adenovirus-
like particles located within a homogeneous
matrix of the nuclei. However, no evidence
was presented showing that the adenovirus-
like particles present in the intestinal tissue
of the diseased mice were the specific caus-
al agent for the morbidity and mortality of

these mice. The present study demonstrated
that MAd1 is an etiologic agent of lethal
wasting disease in nude mice.

Materials and methods. Virus. MAd1
(American Type Culture Collection, Rock-
ville, Md.) was propagated on monolayer
cultures of L cells (NCTC Clone 929,
American Type Culture Collection, Rock-
ville, Md.) maintained with Eagle’s MEM
medium supplemented with 5% fetal calf
serum, streptomycin (0.1 mg/ml), and peni-
cillin (100 units/ml). Virus titrations were
performed on L-cell monolayer cultures in
60-mm dishes using a plaque assay (14) and
infectivity was expressed as plaque forming
units (pfu).

Animals and housing. Nude mice on an
NIH Swiss and C3H/HeN background were
supplied by Dr. Wendall Farrow (Life Sci-
ences, St. Petersburg, Fla.) and Dr. Carl
Hansen (National Cancer Institute, Bethes-
da, Md.), respectively. The parent mouse
colonies were routinely negative for sero-
logic evidence of the presence of mouse
pathogens (specific pathogen free colonies)
including mouse hepatitis virus and Sendai
virus. Animals in this study were main-
tained in isolated quarters at 27° using asep-
tic procedures as described by Giovanella
and Stehlin (15). Animals 4 to 6 weeks of
age were inoculated aseptically with speci-
fied concentration of virus by ip injection of
0.5 ml of the virus in cell culture medium.

Light and electron microscopy. Fixation
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FiG. 1. Sections of nu/nu mouse duodenum. Hematoxylin—eosin stained sections of villi and crypts
from an (A) uninfected mouse and (B) MAd1-infected mouse (note irregular mucosa and disrupted core
of villi). Toluidine blue stained sections of villi from an (C) uninfected mouse and (D) MAd1-infected
mouse (note the disrupted architecture of the infected villus). Toluidine blue stained sections of crypts
from an (E) uninfected mouse and (F) MAdl-infected mouse (note the swollen nuclei and intranuclear
inclusion bodies (arrows) in the cells from an infected animal).
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of the duodenum was performed by cir-
culating fixative (2% of para-formaldehyde—
3% glutaraldehyde in 0.1 M cacodylate
buffer, pH 7.3) directly through the lumen
of the intestine and the left ventricle im-
mediately after death (16). Two microm-
eter paraffin-embedded sections were pro-
cessed with Mayer’s hematoxylin—eosin
stain (17). Specimens were also postfixed in
1.0% osmium tetroxide buffered with 0.1 M
s-collidine, dehydrated, and embedded in
Epon 812. One-micrometer sections were
stained with toluidine blue. Ultrathin sec-
tions (60 to 70 nm) were stained with uranyl
acetate and lead citrate.

Results. Virus dose —response in thymic
and athymic mice. Congenitally athymic
mice were notably susceptible to MAd1 in-
fection. Inoculation of athymic homozy-
gotic nude mice (nu/nu) and their thymus-
bearing heterozygotic littermates (nu/+)
with high doses of MAd1 (10% and 107 pfu)
effected death in both nu/nu and nu/+ mice
within 5 days (Table I). Necropsy of both
nu/nu and nu/+ mice following high dose
inoculation did not reveal pathologic
changes at the macroscopic level. In con-
trast, nu/nu mice exhibited a notable sus-
ceptibility following low dose inoculation
(10° pfu or less) as compared to nu/+ mice.
As little as 10? pfu resulted in ‘‘wasting dis-
ease’’ and death in nu/nu mice after a varied
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and sometimes prolonged period of time
(Table I). Symptoms of ‘‘wasting disease’’
were a characteristic hunched back, drastic
weight loss, and scaling skin. All the nu/nu
mice inoculated with low virus doses had
hemorrhaged into the lumen of the duode-
num shortly before death, since the blood
had not moved into the cecum and fecal
pellet formation remained normal. Exten-
sive examination of tissues other than the
duodenum did not reveal recognizable
lesions or alterations at the macroscopic
level. In contrast, the nu/+ mice inoculated
with low virus doses (102 to 10° pfu) did not
develop wasting disease or detectable
pathologic changes.

Involvement of MAd! in duodenal le-
sions. Infected and uninfected animals were
necropsied immediately after death or sac-
rifice. The architecture of both the villi and
crypts was abnormal in the infected animals
(Figs. 1A, B). The lumen-facing surface was
involuted, nuclear location was aberrant,
and the core region of the villi appeared dis-
rupted (Figs. 1C, D). Intranuclear inclusion
bodies (eosinophilic) were observed in the
crypt cells (Figs. 1E, F) and in the mucosal
cells of the intestinal villi. Inclusion bodies
were observed also in endothelial cells of
lamina propria of villi (Fig. 2A). Higher
magnification revealed adenovirus particles
in a light staining amorphorus nuclear

TABLE 1. MAdl Dosg—RESPONSE IN ATHYMIC ‘‘NUDE’’ MICE AND HETEROZYGOTIC LITTERMATES

Macroscopic

Inoculum Mortality Time of death lesions®
Genotype (pfu) (deaths/total) (days) (No. observed)
NIH Swiss nu/nu 107 2/2 2,5 0
108 2/2 2,3 0
10° 2/2 28,15 2
10¢ 2/2 10,11 2
10? 2/2 72,134 2
10% 2/2 69,45 2
C3H/HeN nulnu 10° 5/5 38,42,54,54,60 5
NIH Swiss nu/+ 107 22 2,3 0
108 22 2,3 0
10° 0/2 - 0
10* 02 -,— 0
10° 0/2 —-,— 0
10* 0/2 -,— 0
C3H/HeN nu/+ 108 o7 == 0

¢ Hemorrhage into the lumen of the duodenum, blood extended to near the cecum, and feces formation ap-

peared normal in the large intestine.
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matrix of an occasional endothelial cell
(Figs. 2B, C).

Discussion. The mice used in this study
were obtained from two independent
sources, placed in rooms that had not pre-
viously housed mice or other animals, and
maintained using aseptic procedures. The
MAAJd1 associated wasting disease, mortal-
ity, and characteristic pathologic changes
described in this report has never been ob-
served in uninfected nu/nu mice over a 4-
year period. Thus, the inoculated MAd1
was directly associated with the intestinal
disease that developed in nude mice. Al-
though tissues other than the duodenum
may have been involved in the disease pro-
cess, the close chronological association
between duodenal hemmorhage and death
implies that the lesions in the duodenum
were intimately involved in the lethal dis-
ease process. Demonstration of intranu-
clear inclusion bodies characteristic of
adenovirus cytopathology and particles
with adenovirus morphology in the nuclei
of cells of intestinal tissue also strongly
supported the view that MAd1 replication
was involved in the duodenal lesions. Al-
though intranuclear inclusion bodies were
relatively numerous in the mucosal cells of
the villi and crypts, intranuclear adenovirus
particles were observed only in a limited
number of endothelial cells. These data
suggest that limited virus replication in the
duodenal endothelial cells effects cytopath-
ologic changes in the mucosal cells.

Thymus function appears to play an im-
portant role in resistance to adenovirus in-
fection. A possible mechanism of resis-
tance may be the thymus-derived lympho-
cyte. Lymphocyte cytotoxicity directed
toward MAd1 infected target cells has been
demonstrated (18). The ability of nu/nu
mice to tolerate MAdI1 infections for ex-
tended periods of time (up to 134 days)
suggested that either low levels of thymus
function were present in nu/nu mice or that
other factors, such as macrophages, an-
tibodies, or interferon, may have limited
the viral-induced pathologic changes. The
factors which permit nu/nu mice to survive
MAJ1 infection for extended periods of
time warrants additional studies.
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In searching for the origin of MAd1 con-
tamination in nu/nu mouse colonies, one
should consider possible sources from sev-
eral months in the past. Conversely, obser-
vations of animal deaths in a colony due to
MAd1 probably indicates widespread in-
fection, since the virus probably entered
the colony several months before deaths
were observed. Observation of duodenal
hemorrhage upon necropsy of nu/nu mice
might provide a convenient indicator of
MAAJ]1 infection, however additional studies
will have to be performed to establish the
diagnostic value of this observation. In ad-
dition to mouse hepatitis virus (19, 20) and
Sendai virus (21-23), MAd1 should be con-
sidered also as a candidate virus in the
wasting disease syndrome of nu/nu mice.
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