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Abstract: Four-week-old gnotobiotic and conventional ducks were inoculated orally
with duck plague virus. Both groups of ducks died on the third and fourth day after

inoculation. Gross and microscopic lesions of duck plague were similar in gnotobiotic
and conventional ducks, indicating the synergistic action of species of Sal�nonel/a

and Pasteure//a was not essential for development of lesions.

INTRODUCTION

Duck plague (duck virus entenitis) is

an acute, contagious herpesvirus of Ana-

tidae.” ‘�‘ “� Secondary bacterial infec-
tions are common occurrences in viral

infections, and Sa/tnonella and Pasteurel-

la son. have been isolated from paren-
chymatous organs of half the ducks that

died in some epornitics.’ Lesions were
reported to be more diffuse in those

ducks from which duck plague virus
(DPV) and bacteria were isolated, and
species of Pasteure!!a and Salmonella

were thought to act synergistically with

DPV.’

Some organisms, such as Entamnoeba

Izistohtica” and Histomonas meleagri-
dis,’ do not cause diseases in germfree
animals. Other organisms such as canine
distemper virus,’ feline infectious enteri-

tis virus,’ and Eimeria tend/a’0 are less

pathogenic in germfree animals than in

conventional counterparts. In contrast,
feline rhinotracheitis virus’ and canine
hepatitis virus7 cause similar diseases in

germfree and conventional animals.

The purpose of this study was to de-

termine if DPV was pathogenic for gno-
tobiotic ducks and to describe the lesions
of duck plague in gnotobiotic ducks.

MATERIALS AND METHODS

Ducks

White Pekin duck eggs were obtained
from a Salmonella pul/orum and DPV-
free flock.1-ill After 26 days of incubation,
eggs containing viable embryos were

entered into a flexible film isolator and
hatched; seven ducks were maintained
under germfree conditions.’’2’ A com-
mercial chick-starter � sterilized with

ethylene oxide gas and sterile water were
available at all times in the isolator.
Thirteen conventional ducks were raised

in a separate room and fed the same

sterilizedstarter and water.

G notobiotic ducks were monitored
weekly and prior to viral inoculation for
anaerobic and aerobic bacteria, but ducks
were not monitored for other microorga-
nisms such as viruses, Mvcoplasma or

Clz/amydia. Cloacal swabs were taken
from each duck and incubated in liquid
thioglycollate broth and trypticase soy
broth and isolates were identified.”

Virus

The DPV used to inoculate ducks was

isolated from a mallard duck that died in
the 1973 epornitic at Lake Andes, South

Dakota. After 3 passages in primary

ifi Truslow Farms, Inc.

L�] Specially-formulated chick starter for NADC,

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 19 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



540 Journal of Wildlife Diseases Vol. 12, October, 1?76

duck embryo fibroblast, a suspension

containing 10’ duck embryo median le-

thal doses/mi was prepared.’

Duck inoculation

A sealed vaccine bottle containing 10

ml of the DPV suspension was entered
into the isolator, using germfree tech-
niques, when the ducks were 4 weeks

old. One gnotobiotic duck was re-
moved from the isolator, killed, and ne-
cropsied immediately. Six ducks in the

isolator were inoculated orally with 1 ml

of DPV. Twelve conventional 4-week-old
ducks were inoculated orally with 1 ml of

the same virus from another bottle. One
uninoculated conventional duck was

killed and necropsied.

Nc’cropsy

The 4-week-old gnotobiotic duck re-
moved from the isolator prior to inocu-
lation and a 4-week-old conventional

duck were necropsied. Sections of spleen,
bursa of Fabnicius, thymus, liver, kidney,

lung. trachea, adrenal. esophageal-pro-
ventricular junction, ventniculus, duode-
num, jejunum, Meckel’s diverticulum,
ileum, cecum, large intestine, cloaca and

the entire brain were fixed in 10% neu-

tral buffered formalist. Necropsies also

were conducted on conventional and gno-
tobiotic ducks which died, and sections

of the same tissues were fixed in forma-

lin. Formalin-fixed specimens were pro-
cessed by routine paraffin-embedding
techniques, and sections were stained
with hematoxylin and eosin. The cloaca,

liver, lung and kidney of each gnotobio-

tic duck were cultured for anaerobic and

aerobic bacteria using liquid thioglycol-

late broth and trypticase soy broth.

RESULTS

Escizeric/zia co/i and Streptococcus fe-

ca/is were isolated from the cloacal

swabs of gnotobiotic ducks prior to inocu-

lation and at necropsy. No bacteria were
isolated from the liver, lung and kidney

of gnotobiotic or conventional ducks at
necropsy.

The spleen in the uninoculated gnoto-
biotic control duck was one-third smaller

than the spleen of the uninoculated con-
ventional duck. Fewer lymphocytes were
found around splenic arterioles, and ger-
minal centers were reduced in number
in the spleen of the gnotobiotic duck. The
decreased number of splenic lymphocytes
caused the peniarteniolar reticular sheaths
of the gnotobiotic duck to be histologi-
cally prominent when compared with
spleen from the conventional duck.

Intestinal annular bands could not be
identified grossly in the uninoculated
conventional or gnotobiotic ducks. Lym-
phoid nodules were scattered throughout
the intestinal submucosa of the conven-
tional ducks, but only an occasional nod-
ule was found in the submucosa of the
gnotobiotic ducks. Since annular bands
could not be identified in histologic ex-
amination, Meckel’s diverticulum and the
esophageal-proventricular junction were
examined to evaluate intestinal lymphoid
development. Submucosal lymphoid nod-
ules were found in both locations in the
conventional duck. Only irregular shaped
accumulations of lymphocytes were
found at the esophageal-proventricular
junction and in Meckel’s diverticulum of
the gnotobiotic duck.

Three inoculated gnotobiotic ducks
died 3 days post-infection (DPI), and 3
died 4 DPI. Four of the inoculated con-
ventional ducks died 3 DPI, and 8 died
4 DPI. Gross lesions of duck plague were
similar in gnotobiotic and conventional
ducks. Submucosal petechiae at the eso-
phageal-proventricular junction were cov-
ered by diphtheritic plaques. Annular
bands in the small intestine were hemor-
rhagic and visible on the serosal surface.
On the mucosal surface they were cov-
ered by diphtheritic membranes (Fig. 1).
Scattered submucosal petechiae covered
by diphthenitic plaques were present be-
tween the annular bands; these submu-
cosal hemorrhages were less numerous in
gnotobiotic ducks. Meckel’s diverticulum
was hemorrhagic in gnotobiotic and con-
ventional ducks, and a fibrinous plug
was present in the lumen. Submucosal
petechiae were present in the ceca, large
intestine, cloaca, and bursa of Fabricius
(Fig. 2); and tags of fibrin adhered to
the mucosal surface of the intestine.
Livers were swollen, and the edges
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FIGURE 3. Liver from a gnotobiotic duck

inoculated with DPV. Nonzonal focal hepatic

necrosis is present. The surrounding hepatic

sinusoids are congested. Pyknosis and margi-

nated chromatin are present in some of tho

surrounding hepatocytes. H & E X900.
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bulged on cut surface. Numerous pete-

chiae were present in all livers and pin-

point white foci of necrosis were present

in the livers of two gnotobiotic and five

conventional ducks.

FIGURE 1. The 2 sections of intestine on the

left are from a gnotobiotic duck, and the 2

on the right are from a conventional duck.

Annular bands in both ducks are hemorrhagic.

FIGURE 2. Terminal ileum, ceca, large intes-

tione, cloaca, and bursa of Fabricius from a

gnotobiotic duck inoculated with DPV. The

posterior ileal annular band is hemorrhagic;

and scattered submucosal petechiae are pre-

sent in the ceca, large intestine, cloaca, and

bursa of Fabricius.

Histologically, hydropic degeneration
and intranuclear inclusion bodies were

present in mucosal epithelial cells of the

esophagus and cloaca. Diffuse cytolysis

of lymphocytes and hemorrhage were

present in the submucosa at the esopha-

geal-proventnicular junction. Fibrocytes,

macrophages, and submucosal glands in

the esophageal mucosa were degenerate

and contained intranuclear inclusion bod-

ies. Diffuse necrosis of lymphocytes and

hemorrhage also were observed in Nice-

kel’s diverticulum and in intestinal an-

nular bands. The overlying mucosa was

degenerate, and fibrin was present on its

surface. Necrotic fibrocytes and macro-

phages were present in the villous lamina

propnia. Crypt epithelium was degenerate

and contained intranuclear inclusion bod-

ies.

Multiple nonzonal foci of necrosis and

hemorrhage were present in the liver

(Fig. 3). Intranuclear inclusion bodies
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were present in surrounding hepatocytes.

Rile duct epithelium was also degenerate,

and inclusion bodies were seen in their

nuclei. Scattered foci of necrosis also

were present in pancreatic acinar, islet,

and ductal cells.

Diffuse cytolysis of lymphocytes and

hemorrhage were observed in the spleen.

Reticuloendothelial cells lining the sinus-

oids and in the periarleniolar reticulan
sheaths were degenerate. and inclusion

bodies were present in the nuclei. Dif-

fuse necrosis of medullary lymphocytes

was seen in the thymtis and bursa of

Fabnicitis. Lymphocytic degeneration also

was evident in the cortex of the thymus

and bursa of Fabnicius (Fig. 4). Epi-

thelial cells in thymic Hassall’s corpuscles
and epithelial cells separating the cortex

and medulla of the hursal follicles were

degenerate and contained intranuclear in-

elusion bodies.

FIGURE 4. Bursa of Fabricius from a gnoto-

biotic duck inoculated with DPV. Follicles of

the b�rsa are depleted of lymphocytes. A

cystic space containing cellular detritus is

present in one follicle. Mucosal epithelial cells

lininq the bursa of Fabricius are degenerate,

end some are sloughed into the lumen. H & E

X250.

Small foci of degeneration were found

in the adrenal cortex, and intranuclear

inclusion bodies were present in a few

cells. Tracheal epithelium was degener-
ate, and lymphoid nodules in the pen-
bronchial tissues were necrotic. Air capil-

lary walls were thickened and intra-

nuclear inclusion bodies were present in

cells in the air capillary walls. Bone

marrow cells, osteoblasts lining bony

spicules, and osteoclasts were degenerate:

and inclusion bodies could be found in a
few of these cells. Microscopic lesions
were not found in the brain, kidney, and
eyes of 4-week-old gnotobiotic or con-

ventional ducks.

DISCUSSION

DPV, like feline rhinotracheitis virus,’
and canine hepatitis virus,7 produced

similar lesions in gnotobiotic and conven-

tional hosts. In the absence of Sa/,non-
el/a or Pasteure/ha, or their endotoxins,

DPV caused nonzonal hepatic necrosis

in gnotobiotic ducks. These degenerate

hepatocytes contained intranuclear inclu-

sion bodies similar to those observed in

conventional ducks.” Tracheal lesions

in gnotobiotic ducks also were similar to

those produced in germfree cats by rhino-

tracheitis virus,’ emphasizing that virulent

herpesviruses can produce disease with-

out the synergistic action of bacteria.

Lesions of the digestive tract in gnoto-

biotic ducks were similar to those in con-

ventional ducks. The slow lymphoid tis-

sue development in uninoculated gnoto-
biotic ducks has been reported previous-

ly in germfree chickens! Previous re-

ports indicated intestinal lymphoid tissue

in day-old, conventional ducks was de-

veloped sufficiently to initiate annular

band lesions typical of duck plague.’

Unlike feline infectious entenitis virus.

which did not cause lesions in crypt epi-

thelium in the germfree cat,’ DPV

caused lesions in the intestinal crypts of

gnotobiotic ducks. It has been suggested

that the sluggish proliferation of crypt

epithelium in germfree cats was respon-

sible for the crypt epithelial resistance to

feline infectious entenitis virus.” The rate

of crypt cell proliferation in conventional

and gnotobiotic ducks has not been stu-

died.
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Since the death rates in conventional

and gnotobiotic ducks were similar, and
bacteria were not isolated from the liver,
kidney, or lung of either group of ducks,
bacteremia was not considered essential
for DPV to cause lesions and kill ducks.

In irradiated mice”2 bacteremia also
was not a sequela to degeneration of in-
testinal crypt as observed in duck plague.
Hyperplastic crypt cells reported in ir-
radiated mice that died within 3-6 days
were not observed in ducks.
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