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J Vet Diagn Invest 10:145–151 (1998)

Gastrointestinal pathogenicity of adenoviruses and reoviruses
isolated from broiler chickens in Alabama

Stephen D. Lenz, Frederic J. Hoerr, Alfred C. Ellis, Maria A. Toivio-Kinnucan, Maria Yu

Abstract. Adenoviruses and reoviruses isolated from commercial broiler chickens were evaluated for gas-
trointestinal pathogenicity in specific-pathogen-free Leghorn chickens. The viruses were originally isolated from
either the proventriculus or a gastrointestinal pool of tissues of broiler chickens with proventriculitis or enteritis.
Isolates were cloned by terminal dilution. Day-old chickens were inoculated by oral and ocular routes with
undiluted tissue culture fluids (titers of 102–104 TCID50/ml) and then examined at necropsy on days 5, 10, and
15 postinoculation. Chickens in all virus groups (but not the control group) developed wet, unformed fecal
droppings that persisted for the duration of the study. Mild lesions occurred in reovirus-inoculated chickens
and included hyperplasia of lymphocyte aggregates in various organs and mild gizzard erosions. Chickens
inoculated with adenovirus isolates developed marked gizzard erosions and necrotizing pancreatitis as well as
mild proventriculitis. Intranuclear viral inclusion bodies occurred in gizzard epithelium and pancreatic acinar
cells at the sites of lesions. Lymphocytic atrophy occurred in the bursa of Fabricius. Respective viruses were
reisolated from proventriculus and duodenum collected from chickens of each group; no viruses were isolated
from controls. Under the conditions of this study, adenovirus isolates were more pathogenic than the reovirus
isolates in the digestive system.

Digestive system signs and lesions often are ob-
served in broiler chickens submitted for laboratory
evaluation because of impaired weight gain and feed
conversion, feed passage, and watery feces. Various
lesions have been identified in the proventriculus, giz-
zard, intestines, pancreas, and liver in the course of
these investigations. Adenoviruses and reoviruses are
commonly isolated from the affected viscera, particu-
larly from the proventriculus and duodenum in birds
with lesions in these organs.

Digestive tract disease in broiler chickens in the
southeastern United States has several causes and clin-
ical and pathologic expressions.7 Reoviruses have a
causative link with digestive syndromes, but mainly
these syndromes are caused by certain reovirus strains
of high pathogenicity.23 The role of adenoviruses in
digestive disease of chickens is equivocal,18 which has
made it difficult to interpret virus isolation results from
chickens with digestive system signs and lesions.

The purpose of this study was to extend routine di-
agnostic investigation of digestive tract disease by at-
tempting to assess the pathogenic potential of viral iso-
lates in susceptible chickens.

Materials and methods
Selection and preparation of field isolates. Reoviruses

and adenoviruses were isolated from the proventriculus
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alone or from a tissue pool that included proventriculus or
intestine (Table 1) of broiler chickens with gastrointestinal
disease, which included some or all of the following histo-
logic lesions. In the proventriculus, glands had necrosis of
ductular and acinar epithelium accompanied by epithelial
metaplasia and hyperplasia and lymphocytic inflammation.
The mucosal lining had lymphocytic inflammation and hy-
perplastic mucosal epithelium. The gizzard lesions were fib-
rillation and uneven detachment of koilin with inflammation
of the underlying mucosa. Small intestinal lesions included
villus atrophy, crypt epithelial cell hyperplasia, and lympho-
plasmacytic inflammation of the lamina propria. Hepatic le-
sions included Kupffer cell hypertrophy, mild bile duct pro-
liferation, periductular fibrosis and inflammation, and mul-
tifocal periportal and midzonal inflammation. Pancreas had
hyperplasia of lymphocytic aggregates. Individual virus iso-
lates were propagated on primary chick embryo kidney cell
cultures derived from specific-pathogen-free (SPF) eggsa and
cloned by terminal dilution performed for 3 serial passages.

Chickens. Leghorn chickens hatched from SPF eggs were
used to ensure an absence of maternal reovirus and adeno-
virus antibodies (adenovirus-free broiler chickens were not
available). Eggs were incubated and hatched at the Poultry
Science Biocontainment Facility, Auburn University. Upon
hatching, the chickens were randomly assigned to treatment
groups and kept in negative-pressure plexiglass isolators
with filtered air that were maintained at 27 C. Food and
water were provided ad libitum.

Mycotoxin assays. Food for all of the experimental groups
was supplied from a single batch. On day 7 of the experi-
ment, a composite sample of food from all of the units was
collected. The composite sample was assayed for aflatoxins,
zearalenone, and deoxynivalenol.1,14,20,29

Tissue collection. Tissues were processed routinely for
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Table 1. Titers of undiluted tissue culture fluids of reovirus and adenovirus isolates inoculated into 1-day-old SPF Leghorn chickens.

Treat-
ment
group

Field isolate
no. Diagnosis Tissue of origin Virus

Titer
(TCID50/ml)

1 92D-2787 proventriculitis,
enteritis

liver/proventriculus/
pancreas

reovirus 104

2 92D-358 proventriculitis proventriculus reovirus 103

3 91D-10963 proventriculitis proventriculus/liver/
lung

reovirus 104

4 91D-9824B enteritis duodenum/pancreas reovirus 105

5 92D-356 proventriculitis proventriculus adenovirus 102

6 92D-1048 . . . tissue pool adenovirus 104

7 91D-9823A enteritis proventriculus adenovirus 102

Table 2. Distribution and severity* of microscopic lesions in SPF Leghorn chickens following inoculation with reovirus or adenovirus
isolates.

Treatment
group Field isolate no.

Organ

Proventriculus Ventriculus Pancreas Intestine Bursa

Reoviruses

1
2
3
4

91D-2787
92D-358
91D-10963
91D-9824B

2
1
1
2

1
1
2
1

2
1
2
2

2
2
2
2

2
2
2
2

Adenoviruses

5
6
7

92D-356
92D-1048
91D-9823A

2
1
1

111
11

111

111
1
2

2
2
2

1
1
2

Control (8) . . . 2 2 2 2 2

* 2 5 no lesion; 1 5 mild lesion; 11 5 moderate lesion; 111 5 marked lesion.

histopathology. Samples of proventriculus and duodenum
were collected aseptically, pooled by treatment group, and
stored in sterile plastic bags at 0 C until processed for virus
isolation. Blood was collected by cardiac puncture, and the
serum was harvested and frozen until assayed. Sections of
proventriculus, gizzard, duodenum, jejunum, cecum, colon,
pancreas, kidney, liver, bursa, lung, heart, and spleen were
collected for histopathology.

Serology. Seroconversion to adenovirus was evaluated by
agar gel immunodiffusion using CELO virus antigen. Serol-
ogy for reovirus was measured by enzyme-linked immuno-
sorbent assay (ELISA)b and by 2 agar gel immunodiffusion
tests, which used the C08 or 1133 strains of reovirus as
antigen.13 In addition, serology was performed for Newcastle
disease virus, infectious bronchitis virus, and infectious bur-
sal disease virus by ELISA.

Virus isolation. For virus isolation, tissue homogenates
were inoculated onto chicken kidney cells and observed for
7 days for cytopathic effect (CPE). If CPE was observed,
adenoviruses were directly identified by an indirect immu-
nofluorescence test using a chicken anti-adenovirus primary
antibody and a fluorescein isothiocyanate (FITC)-labeled
rabbit anti-chicken secondary antibody. Reoviruses were
similarly identified using chicken anti-reovirus primary an-
tibody and a FITC-labeled rabbit anti-chicken secondary an-

tibody. If CPE was not observed after 7 days, 2 blind pas-
sages were performed and cells were examined for CPE.

Experimental design. On the day of hatching, chickens
were randomly assigned to 7 treatment groups (10 chickens/
group) and 1 control group (15 chickens). Chickens in each
treatment group were placed into individual isolation units.
Individual chickens of a treatment group were weighed and
inoculated by both oral and ocular routes. Each chick was
inoculated with a standard volume (0.1 ml) of undiluted tis-
sue culture fluid (0.08 ml orally and 0.02 ml into the con-
junctival sac) to maximize the possibility of developing le-
sions. Chickens were inoculated while in the negative pres-
sure isolator to prevent cross-contamination between groups.

All chickens were observed twice daily for clinical signs.
On days 5 and 10 postinoculation (PI), 3 chickens from each
treatment group and the control group were randomly se-
lected, blood samples were obtained, and the chickens were
euthanized by cervical dislocation and examined at necrop-
sy. The remaining chickens in all groups were examined on
day 15 PI.

Results
Clinical signs

Brown, watery or mucoid droppings appeared in
reovirus-inoculated chickens on day 1 PI (groups 1–
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Figure 1. Gizzard from chick inoculated with adenovirus, day
5 PI. There is loss of glands, erosion of superficial epithelium, and
a dense infiltrate of inflammatory cells. The koilin layer is replaced
by a fibrinocellular exudate. Bar 5 50 mm.

Figure 2. Gizzard from chick inoculated with adenovirus, day
5 PI. Intranuclear inclusions in glandular epithelial cells (arrows).
Bar 5 20 mm. Inset: Higher magnification of intranuclear inclusion.

3). From day 2 PI on, brown mucoid droppings were
observed from all reovirus or adenovirus groups but
not from the sham-inoculated controls.

Serology

Seroconversion to adenovirus in inoculated chickens
occurred at days 10 and 15 PI. Reovirus-inoculated
chickens had not seroconverted to reovirus by day 15
PI. Control chickens were serologically negative for
reovirus and adenovirus antibody at all 3 test periods.
Chickens of all groups were serologically negative for
Newcastle disease virus, infectious bronchitis virus,
and infectious bursal disease virus by ELISA.

Virus isolation

Reovirus was reisolated from the proventriculus and
the intestines of reovirus-inoculated chickens on days
5, 10, and 15 PI. Adenovirus was reisolated from the
proventriculus and intestines of adenovirus-inoculated
chickens on days 5, 10, and 15 PI.

Mycotoxin assays

Deoxynivalenol (0.98 ppm) was detected in the feed
but aflatoxins or zearalenone were not (limits of de-
tection; 20 ppb aflatoxins and 200 ppb zearalenone).

Pathology

Reoviruses. Dark green-brown, foamy cecal con-
tents (cecal gas) were evident on day 5 PI (groups 3,
4). Raised 1–2-mm-diameter pale yellow foci were
randomly scattered in the superficial mucosa of the
proventriculus at day 15 PI (groups 2, 3). No gross
lesions were observed in any reovirus-inoculated
chickens on day 10 PI.

Mild histologic lesions occurred in the gizzard, pro-
ventriculus, and pancreas (Table 2). The gizzard had
shallow microerosions with koilin fibrillation and focal
hyperplasia of glandular epithelium. Hyperplasia of
lymphocyte aggregates was the principal lesion in the
submucosa of the proventriculus and the interstitium
of the pancreas. The size and cellularity of these lym-
phocyte aggregates in reovirus-inoculated chickens
were increased when compared with controls. Other
tissues including liver had no significant lesions.

Adenoviruses. Foamy cecal contents were observed
at day 5 PI in chickens of all three adenovirus-inocu-
lated groups. On day 10 PI, some chickens had dif-
fusely pale green livers with scattered small irregular
yellow foci (groups 5, 7). On day 15 PI, scattered
raised 1–2-mm yellow foci occurred in the mucosa of
the proventriculus (groups 5, 6). The gizzard lining
was rough and deeply fissured in chickens of all 3
adenovirus treatment groups on days 5, 10, and 15 PI.
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Figure 3. Transmission electron micrograph of epithelial cell in
gizzard mucosa from an adenovirus-inoculated chick, day 5 PI. Nu-
clear chromatin is effaced by large crystalline arrays of viral parti-
cles. Bar 5 1 mm. Inset: Higher magnification of viral particles.
Hexagonal particles are 70–90 nm and have a dense core, morpho-
logically consistent with adenovirus.

Figure 4. Gizzard from chick inoculated with adenovirus, day
15 PI. The koilin layer is fibrillated and detached from the epithe-
lium. The entire gland is lined by hypertrophied and hyperplastic
epithelial cells. Bar 5 30 mm.

Marked to severe histologic lesions occurred in the
gizzard and pancreas, but only mild lesions occurred
in the proventriculus (Table 2). Gizzard erosions were
observed by day 5 PI as necrosis and erosion of the
mucosa with fibrillation and detachment of the over-
lying koilin. The lamina propria and submucosa were
expanded and infiltrated by increased numbers of lym-
phocytes, histiocytes, and heterophils (Fig. 1). Large
(20–30 mm) hyperchromatic basophilic intranuclear
inclusions occurred in epithelial cells (Fig. 2). Ultras-
tructurally, these inclusions consisted of large crystal-
line arrays of closely packed 70–90-nm icosahedral
virus particles (Fig. 3) morphologically characteristic
of adenoviruses. Virus particles were observed in de-
generate and intact epithelial cells of the gizzard mu-
cosa, but discrete crystalline arrays of virus particles
were only seen in intact cells. By day 10 PI, the giz-
zard erosions were broader and deeper with a more
intense inflammatory reaction, but intranuclear inclu-

sions were not found. Hyperplasia of glandular epithe-
lium indicated regeneration. At day 15 PI, erosions
were observed in only 2 chickens, but gland hypertro-
phy (increased height) and epithelial hyperplasia were
more pronounced and indicative of regeneration (Fig.
4).

On day 5 PI, the pancreas had small foci of acinar
cell degeneration and necrosis in association with in-
tranuclear inclusions, ultrastructurally the same as
those observed in gizzard epithelium. Intranuclear in-
clusions were not observed in pancreata without acinar
degeneration and necrosis. On days 10 and 15 PI, acini
were focally effaced and interstitial tissues were ex-
panded by dense infiltrates of histiocytes, lympho-
cytes, and plasma cells (Fig. 5). Intranuclear inclusions
were not observed on days 10 and 15 PI.

On days 10 and 15 PI, the proventriculus had mul-
tifocal mucosal epithelium hypertrophy and hyperpla-
sia, lymphoplasmacytic infiltrates in the lamina propria
and submucosa, and hyperplasia of submucosal lym-
phocyte aggregates.

Bursal atrophy was found in chickens of 2 groups
on days 10 and 15 PI. The follicular cortex was thin,
only 1 or 2 cell layers thick as compared with the
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Figure 5. Pancreas from chick inoculated with adenovirus, day
10 PI. The interstitial tissue is expanded by a dense infiltrate of
inflammatory cells. Bar 5 70 mm.

Figure 6. Bursa of Fabricius from chick inoculated with adenovirus, day 10 PI. Follicles have decreased numbers of or complete
absence of cortical lymphocytes, with loss of corticomedullary differentiation. Bar 5 30 mm.

follicular cortex in control bursas, which was 3–5 cell
layers (Fig. 6). Medullary lymphocytes were also de-
pleted. No inclusions were observed in affected bursas.
Other tissues, including liver, had no significant le-
sions.

Discussion

Adenoviruses and reoviruses typified by the isolates
in this study are readily isolated from broiler chickens
with signs and lesions of digestive system disease. Un-
der the conditions described herein, each of the ade-
noviruses elicited considerably more severe digestive
system lesions than did any of the reoviruses. The dif-
ference was especially pronounced in the gizzard.

Two factors in the experimental design have influ-
ence on the interpretation of results. SPF Leghorns
were used as an experimental host in lieu of SPF broil-
ers because the source SPF broiler breeder flock had
antibody to type I avian adenovirus. These antibodies
could have interfered through either the transmission
of maternal adenovirus antibody or the vertical trans-
mission of virus by progeny, thus compromising the
evaluation of gastrointestinal pathogenicity. We used
the greatest titer of each respective virus in an attempt
to evaluate the full pathogenic potential; inoculum titer
was not equal between groups. The results must be
interpreted cautiously; however, several findings in this
study may apply to observations of the spontaneous
disease.

Chickens in all virus groups, but not in the control
group, developed abnormal fecal consistency that per-
sisted for the duration of the study. Insufficient num-
bers of chickens were used to measure differences in
weight gain. Despite differences in lesion distribution
and severity, these results are indicative of the poten-
tial of each of these viruses to cause clinical signs of
digestive dysfunction.

Gizzard erosions with intralesional adenovirus in-
clusions were the most consistent and prominent le-
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sions in adenovirus-inoculated chickens. Adenoviruses
were thought to have caused the gizzard erosions be-
cause basophilic intranuclear inclusions, ultrastructur-
ally consistent with adenovirus, were only observed in
the areas of gizzard erosion and not in unaffected por-
tions of gizzard. Because no erosions occurred in con-
trol chickens fed the same feed, feed-related causes of
gizzard erosions were excluded.

Adenoviruses have been associated with spontane-
ous erosive ventriculitis (gizzard erosions) in Leghorn
and meat-type chickens and in quail.6,28 Gizzard ero-
sions and ulcers and necrotizing pancreatitis occurred
in SPF chickens inoculated with a type 8 avian ade-
novirus.9 The present findings indicate that the mor-
phologic proof of adenovirus infection in the gizzard,
inclusion bodies, occurs transiently.

Spontaneous gizzard erosions are common in broiler
chickens, but the cause is difficult to pinpoint because
of the many potential causes, including histamine,11,12

fish meal,15 gizzerosine,19 mycotoxins (T-2,27 cyclopia-
zonic acid,3 tenuazonic acid5), vitamin deficiencies,2

and bacterial complications.4 A low concentration of
deoxynivalenol (DON, vomitoxin) was identified in
poultry feed used in this study but was considered in-
significant because no lesions developed in the control
chickens fed the same feed. Increased relative gizzard
weight was reported in Leghorn and broiler chickens
administered 18 mg DON/kg of feed (18 ppm), but
lesions were not described.16,17

Proventriculitis with extensive glandular inflamma-
tion, as seen in field cases from Alabama, was not
observed in this study. Mucosal changes, including ep-
ithelial and lymphocytic hyperplasia as in field cases,
did occur in adenovirus-inoculated chickens. These le-
sions occurred later than those in the gizzard and
lacked viral inclusions, which suggests that proventri-
culitis in adenovirus-inoculated chickens may develop
secondary to gizzard erosion.

Necrotizing pancreatitis was observed in adenovi-
rus-inoculated chickens, and the intralesional inclusion
bodies indicated a causal relationship. This lesion was
identified only in the occasional case of fully devel-
oped inclusion body hepatitis, as has been reported in
association with hypoglycemia and high mortality.8

Hyperplasia of lymphocytic aggregates in the pancreas
is common in spontaneous disease and occurred in this
study in all virus-treated groups.

Intestinal and hepatic lesions observed in field cases
were not observed in experimental chickens, nor was
inclusion body hepatitis encountered. Bursal atrophy
was an inconsistent lesion in chickens inoculated with
adenoviruses and was interpreted as a nonspecific le-
sion not directly attributable to adenovirus infection.
Bursal atrophy with lymphocyte depletion has been
reported in chickens subjected to various environmen-

tal stresses and infectious diseases10,25 and in chickens
experimentally inoculated with adenoviruses9 and re-
oviruses.21,24,26

It is common to isolate a reovirus from the digestive
system in the absence of reovirus antibody detectable
by ELISA. Because this result may reflect differences
in the test antigen used in the ELISA and the intestinal
isolate,13 intestinal and infectious tenosynovitis strains
of reovirus were also used for immunodiffusion anti-
gens. No antibody was detected as measured at 15
days PI, suggesting that the reovirus isolates were non-
invasive and did not elicit a humoral immune re-
sponse. These observations are consistent with each of
these reovirus isolates possessing low pathogenicity.22

The hyperplasia of lymphocytic aggregates seen his-
tologically in the digestive system may be a nonspe-
cific response to the reovirus infection or may have no
bearing on the humoral response. In contrast, each of
the adenovirus isolates elicited a measurable humoral
immune response.
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