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INCLUSION BODY HEPATITIS IN A PRAIRIE FALCON

F. PRESCOTT WARD, DAVID G. FAIRCHILD, and JEANNE V. VUICICH

Veterinary Medicine Department, Medical Research Laboratory, Edgewood Arsenal, Maryland 21010

Abstract: Intranuclear inclusion bodies, typical of the developmental stages of
herpesvirus inclusions, were observed in cells of the liver, spleen, bone marrow, and
small intestine from a prairie falcon (Fa/co ,nexica,zus). Inoculations of a suspension
of liver tissue produced lesions on the chorioallantoic membranes of 12-day old
chicken embryos. Three sparrow hawks (Falco sparverius) were fatally infected by
intramuscular or crop inoculations of suspensions of prairie falcon liver or chorio-
allantoic membrane.

A male prairie falcon, about 10 days
old, was taken from an eyrie in late
May 1970, and was raised in a South
Dakota home for 4 weeks. A new owner
then took the falcon to southeastern
Pennsylvania.

The second owner and a friend had
two prairie falcon nest mates succumb
the preceding year to pulmonary asper-
gillosis.” This new bird was therefore
treated prophylactically with the anti-
fungal drug amphotericin�B*. One ml of
a solution (5 mg/ml) of the drug was
administered as an aerosol for 10-15
minutes daily, and the falcon inhaled the
mist inside a plastic-lined box. Pigeon
meat was the primary item in the diet.

About 2 weeks after it was moved to
Pennsylvania, the bird suddenly became
ill. It regurgitated a meal, then refused
food and became listless. About 36 hours
after the onset of these signs the falcon
was presented for examination.

It was depressed, shivered occasionally,
and slept intermittently. No parasite ova
were seen when a fecal specimen was
examined microscopically, and a mouth
swab did not contain trichomonads. The
lungs appeared normal on a radiograph
of the thorax and abdomen, but the liver
seemed to be enlarged. An intramuscular
injection of chloramphenicol** was given
(50 mg/kg), but the falcon died within
a few hours. It was necropsied immedi-
ately.

The most striking finding at necropsy
was the enlarged liver studded with
yellow lesions (Figure 1). These foci
were randomly distributed throughout the
liver parenchyma, and varied from 0.5
to 1.0 mm in diameter. Similar but fewer
lesions were also found in the spleen
and bone marrow. Other organs appear-
ed normal.

MATERIALS AND METHODS

The liver was cultured on Sabouraud’s
dextrose agar, on salmonella-shigella agar,
and on trypticase soy agar with 5%
sheep’s blood added. Representative tis-
sues from most organs were fixed in 10%
neutral buffered formalin, sectioned at
6�z, and stained with hematoxylin and
eosin. Additional sections of liver were
stained using the nucleal Feulgen tech-
nique.

A portion of the prairie falcon’s liver
was frozen at -70#{176} F for 3 months.
Approximately 0.5 gram of liver was
then ground with sand and 2.5 ml saline.
Antibiotics were added to the following
final concentrations: 100 Units/mI peni-
cillin; 100 mcg/ml streptomycin; and
0.25 mcg/mI amphotericin-B. The mix-

ture was centrifuged at 2,500 rpm for 15
minutes, and the supernatant fluid was

used for inoculation.

*Fungi,zone Intravenous; E. R. Squibb & Sons, Incorporated, New York, New York.

**Chloromycetin Sodium Succinate Parke, Davis & Company, Detroit, Michigan.
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FIGURE 1. Photograph of the liver of a juvenile male prairie falcon with inclusion body

hepatitis. Disseminated necrotic foci appear as pale dots on the surface of the
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Chicken embryos (12-days old) were
inoculated on the chorioallantoic mem-
brane (CAM) with either 0.2 ml of
supernatant (6 eggs) or 0.2 ml of a 10-
fold dilution of the supernatant (8 eggs).
One egg was inoculated with saline and
another was not inoculated. When growth
was obtained in the infected eggs (after
5 days at 37 C), a similar inoculum
was prepared with saline and antibiotics
from the CAM.

Four wild sparrow hawks were captur-
ed. One was inoculated in the pectoral
muscle with 0.05 ml of liver suspension;
it was released in a large room, and was
fed mice daily. Later, an uninoculated
hawk was released into the room. The
third hawk was inoculated with 0.05 ml
of liver suspension into the crop, and the
fourth with 0.1 ml of CAM suspension
injected into the pectoral muscle.

Tissues from all infected eggs and all
infected hawks were fixed, sectioned,
and stained with hematoxylin and eosin
as described for histopathologic examina-
tion.

RESULTS

No growth was obtained on any of the
media on which the liver was cultured.

Lesions were observed microscopically
in sections of prairie falcon liver, spleen,

and bone marrow, and occasionally in
the lamina propria of the small intestine.
Foci of coagulation necrosis in these
tissues contained few residual parencliy-
mal cells and small numbers of infiltrat-
ing inflammatory cells. Numerous intra-
nuclear inclusion bodies were seen in
parenchymal cells surrounding the necro-
tic tissue.

Many affected nuclei contained pale,
slightly granular, acidophilic bodies that
were separated from marginated nuclear
chromatin by a space or halo (Figure 2).
These resembled the “type A” inclusions
described by Cowdry.’ Other nuclear
inclusions were basophilic and homo-
genous. They filled the nucleus, were
surrounded by marginated nuclear chro-
matin, and resembled Cowdry’s “type B”
inclusions (Figure 3).

When sections of liver tissue were
stained by the nucleal Feulgen technique,
the type B inclusions stained less intens-
ely for DNA than did the type A bodies.

All chicken embryos that were inocu-
lated with prairie falcon liver suspension
had gross lesions on the CAM when
sacrificed after 5 days. The CAM were
cloudy and thickened, with white areas
scattered over the membranes. Infected
embryos were smaller than the controls;
many tissues contained large areas of
hemorrhage and appeared to be edema-

FIGURE 2. A Cowdry type A inclusion body in the nucleus of an hepatocyte. The inclusion

body (A) is separated from marginated nuclear chromatin (B) and nucleolus (C) by

a clear zone or halo.

FIGURE 3. A Cowdry type B inclusion body in the nucleus of an hepatocyte. The inclusion
body (A) fills the nucleus and is in contact with the marginated nuclear chromatin

(B) and nucleolus (C).
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tous. Microscopically the infected em-
bryos were edematous and contained
focal or diffuse areas of hemorrhage
and necrosis in most tissues. The CAM
were also edematous, hemorrhagic, and
necrotic. Numerous intranuclear inclusion
bodies were observed in cells in and
around the necrotic tissues.

The first sparrow hawk, inoculated
intramuscularly with liver suspension,
died suddenly less than 5 days later. At
necropsy the liver appeared slightly en-
larged, but there were no circumscribed
necrotic foci as in the prairie falcon.
Large areas on the surface of the liver
were slightly yellow. Other organs ap-
peared grossly normal. Microscopically,
hepatic necrosis was massive with numer-
ous type A and type B intranuclear in-
clusion bodies; lesions were not seen in
other organs (the spleen was not sec-
tioned).

The third sparrow hawk, inoculated in
the crop with liver suspension several
weeks later, died suddenly 6 days follow-
ing inoculation. Typical inclusion bodies
were seen in cells of the liver and spleen.

Later another male sparrow hawk was
inoculated intramuscularly with CAM
suspension, and it died within 4 days.
Again typical lesions were seen in the
liver and spleen. Eight additional chicken
embryos were inoculated with a suspen-
sion of this hawk’s liver tissue, and all
developed typical lesions on the CAM
and in tissues of the embryos after 5
days’ incubation.

These transmission experiments were
conducted during a period of 6 weeks;
the hawk that was not inoculated was
released into the room one day after the
first hawk died. It remained healthy while
inhabiting the same room and sharing
the same perches with the last two fatally
infected hawks.

DISCUSSION

Inclusion bodies are a common feature
of viral diseases, but may also have non-
viral etiologies.” The production of CAM
lesions and the transmissibility of this
disease to other hawks support the diag-
nosis of a viral etiology. In addition, the
morphology and staining characteristics

of the inclusion bodies are identical to
those of developmental stages of inclu-
sions caused by herpesviruses;#{176} here the
type B is an early stage which later
shrinks to cause the “halo”, becomes
Feulgen negative and eosinophilic, and
is then designated as type A.

Although this disease has never before
been reported in falconiform birds, an
identical syndrome has been described
several times in owls. Green and Shillin-
ger” reported a virus disease from a great
horned owl (Bubo virginianus) found
dead in the wild; they then experimentally
transmitted the disease to other species
of owls.

Recently Burtscher published a series
of articles describing an identical disease
in owls which he named hepatosplenitis
infectiosa strigum.’2 He demonstrated a
virus by electron microscopy in various
organs of an infected owl and in tissues
of inoculated chicken embryos.’ He also
described methods of cultivating the owl
virus in chicken embryos, and attempted
unsuccessfully to infect several other
species of birds.3 Burtscher stated that
the virus probably belongs to the herpes-
virus group, and appears to be specific
for owls.

Similar acute, hepatic, inclusion body
diseases have been reported from a wide
variety of birds and animals including
chickens,’” chinchillas,#{176} parrots,7 and
pigeons.” Wild prairie falcons prey on
many species of birds and animals, and
interspecific transmission is possible.

The potential of this virus to cause
disease in wild populations of raptors
seems to be great; results of subsequent
studies on host range and mode of in-
fection would permit more definitive
conclusions. However, there may be a
more significant danger to captive birds
of prey. Because many raptor popula-
tions have experienced unprecedented
declines since the late 1940’s,” several
federal agencies and private institutions
have initiated captive breeding programs
for endangered species of birds of prey.
We believe that in programs such as
these, where perhaps the only surviving
members of a species are aggregated for
a final attempt to preserve the species,
an epidemic of inclusion body hepatitis
could be devastating.
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