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ABSTRACT: Avian vacuolar myelinopathy (AVM)
is a neurologic disease that has been diagnosed
in free-ranging birds in the southeastern Unit-
ed States. Bald eagles (Haliaeetus leuocephal-
us), American coots (Fulica americana), and
mallards (Anas platyrhynchos) have been af-
fected. Previous investigations have not deter-
mined the etiology of this disease. In Novem-
ber and December 2002, we attempted to in-
duce AVM in game-farmed mallards through
four, 7-day exposure trials. Mallards were
housed in six groups of eight, with two of these
groups serving as controls. One group was
housed with AVM-affected coots; one group
was tube fed daily with water from the lake
where affected coots were captured; one group
was tube fed daily with aquatic vegetation (Hy-
drilla verticillata) from the same lake; and an-
other group was tube fed daily with sediment
from the lake. No ducks exhibited clinical neu-
rologic abnormalities consistent with AVM and
no evidence of AVM was present at histopath-
ologic examination of brain tissue. Although
limitations in sample size, quantity of individual
doses, frequency of dose administration, dura-
tion of exposure, and timing of these trials re-
strict the interpretation of the findings, AVM
was not readily transmitted by direct contact,
water, hydrilla, or sediment in this investiga-
tion.

Key words: American coot, Anas platy-
rhynchos, avian vacuolar myelinopathy, Fulica
americana, mallard.

Avian vacuolar myelinopathy (AVM) is
a neurologic disease of free-ranging birds
that is characterized by profound neuro-
logic dysfunction and debilitation (Thom-
as et al., 1998). The disease has been di-
agnosed most frequently in American
coots (Fulica americana) and bald eagles
(Haliaeetus leucocephalus), but it has also
been observed in mallard ducks (Anas
platyrhynchos) and other waterfowl
(Rocke et al., 2002; Augspurger, unpubl.
data). It is characterized by diffuse,

spongy degeneration throughout the
white matter of the central nervous sys-
tem (Rocke et al., 2002; Thomas et al.,
1998). An associated cellular inflamma-
tory response has not been documented
and attempts to isolate viruses, bacteria,
and fungi have been unsuccessful (Thom-
as et al., 1998). No consistent lesion has
been evident in other body systems and
definitive diagnosis is currently based en-
tirely on histopathologic findings (Thomas
et al., 1998). While many diseases could
cause neurologic impairment in eagles,
coots, and other birds, no other disease
with similar vacuolar lesions has been re-
ported in a free-ranging avian population.
The only reports of similar lesions in birds
have described vacuolations that were ex-
perimentally induced using trimethyltin
or isonicotinic acid hydrazide (Carlton
and Kreutzberg, 1966; Lampert and
Schochet, 1968; Fleming et al., 1991).

Extensive tissue analyses have been
conducted in an attempt to detect toxic
compounds; however these tests have not
elucidated the etiology of AVM (Thomas
et al., 1998). In late fall 2000 we con-
ducted exposure trials to assess possible
routes of disease transmission. Four
methods of exposure were investigated,
including direct exposure to affected
birds, ingestion of water, ingestion of
aquatic plants, and ingestion of sediment
from a lake where affected birds were
present. Forty-eight, 16 wk old, game-
farmed mallard ducks were purchased
from Whistling Wings, Inc.t (Hanover, Il-
linois, USA). They were transported to
Raleigh, North Carolina, USA (358509N,
788409W) where they were housed in
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7311 m outdoor flight pens that con-
tained 335 m, man-made dirt ponds. Al-
though coots are the species most com-
monly found with AVM in the wild, and
thus may be more susceptible to the dis-
ease, they were not selected for this in-
vestigation because they can be relatively
difficult to keep in captivity and are prone
to self-induced trauma (Larsen et al.,
2002). Game-farmed mallard ducks were
selected because similar mallards have
developed clinical signs and histopatho-
logic lesions when placed on a lake where
AVM-affected coots were found (Rocke et
al., 2002). The mallards (20 male, 28 fe-
male) were allowed to acclimate for 25
days prior to the exposure trials, during
which time they were fed a commercial
poultry diet (High Tech X-L-A, Quality
Feeds Small and Special Poultry Flocks,
Southern States Cooperative, Richmond,
Virginia, USA). When the exposure trials
began, the diet was changed to a mash of
the commercial poultry diet with a top
dressing of bean sprouts. Complete stan-
dardized physical examinations (Harrison
and Ritchie, 1994) and neurologic evalu-
ations (Bennett, 1994) were conducted on
all ducks within 1 wk of arrival. Primary
and secondary flight feathers of one wing
were trimmed and colored leg bands were
applied for identification. Mallards were
separated into six groups of eight by ran-
dom allocation with stratification for gen-
der. Four groups were used in 7-day ex-
posure trials and the other two groups
served as controls. Mallards were visually
evaluated twice daily, weighed on days 1,
4, and 7 of the 7-day trial, and received
complete standardized physical examina-
tions and neurologic evaluations on days
4 and 7. This length of exposure was cho-
sen because game-farmed mallards had
previously been documented with AVM
within 6 days of being placed on a lake
with AVM-affected coots (Rocke et al.,
2002). All mallards were euthanized with
117–234 mg sodium pentobarbital (Beu-
thanasaiat-D Special, Schering Plough
Animal Health Corporation, Kenilworth,

New Jersey, USA) intravenously on day 7
of the exposure trials. Brains were re-
moved and immersed in 10% neutral
buffered formalin for histopathologic ex-
amination. Brain sections were routinely
processed, embedded in paraffin, sec-
tioned at 5–6 mm, and stained with he-
matoxylin and eosin. White matter in four
regions of each brain was examined by
light microscopy: optic tectum, optic chi-
asm, brainstem, and cerebellar folia. A
bird was considered positive if diffuse
white matter vacuolation was present in
the optic tectum and at least one other
region. Only brain tissue was examined in
the exposed ducks because this has been
the only tissue consistently affected in ea-
gles, coots, and mallards (Thomas et al.,
1998; Thomas, unpubl. data).

The first two transmission trials were
conducted from 28 November to 4 De-
cember 2000. Direct transmission was
evaluated by placing eight mallards (three
male, five female) in a pen with neuro-
logically impaired American coots from
Lake Surf, North Carolina (358149N,
788129W). Twelve affected coots were in-
troduced on day 1; 12 additional affected
coots were introduced on day 4. Many of
the coots died during the course of the
exposure trial and ducks were housed
with 5–15 (median510) coots at any one
time. All 24 coots died or were eutha-
nized. Brains were removed, processed,
and examined microscopically as de-
scribed for the mallards, and all were con-
firmed by histopathology to be AVM-pos-
itive with widespread, bilaterally symmet-
rical vacuolation of the white matter of
the brain.

Transmission by ingestion of water was
evaluated by administering 50 ml of water
from Lake Surf, once daily, using a lubri-
cated red-rubber feeding tube inserted
orally to the level of the crop of each of
the second group of mallards (three male,
five female). The water administered was
taken from several different sites at Lake
Surf over the course of the seven-day ex-
posure trial and was stored at 4 C in cer-
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tified-clean glass jars with Teflont-lined
closures, for 24–72 hr prior to administra-
tion. A third group of mallards served as a
control during these trials and received
only full physical and neurologic evalua-
tions on days 4 and 7.

Additional transmission trials were con-
ducted from 6 December to 12 Decem-
ber 2000. Transmission via aquatic plant
ingestion was evaluated by administering
hydrilla (Hydrilla verticillata) from sev-
eral different sites at Lake Surf. Hydrilla
was chosen because, at this lake, it is both
the dominant submerged macrophyte and
the preferred food source for American
coots. The hydrilla was stored at 4 C for
24–72 hr prior to administration. Directly
before administration to the mallards
(four male, four female), hydrilla (80 g)
was mixed at high speed in a blender with
40 ml of distilled water. Fifty ml of the
resultant slurry was administered to each
bird, once daily, via red-rubber tube, sim-
ilar to the procedure described for the
water ingestion trial.

Transmission via sediment ingestion was
assessed by tube feeding mallards (three
male, five female) with samples of sedi-
ment from several different sites at Lake
Surf. Sediments were collected with a
stainless steel Ponart dredge, a device that
collects the top 5 cm of sediment. Samples
were collected in shallow water (,2 m),
near shore, in areas where coots were ob-
served feeding or resting. Sediment sam-
ples were homogenized and then stored in
certified-clean glass jars with Teflont-lined
closures for 24–72 hr prior to administra-
tion. They were filtered through a metal
sieve to remove large particulate matter,
and then 50 ml of this fine sediment slurry
was administered to each bird, once daily,
using a red-rubber tube. Another group of
eight ducks served as controls for these tri-
als and received 50 ml distilled water, once
daily, by red-rubber tube.

There were no abnormal physical find-
ings in any of the ducks. The only behav-
ioral difference noted was that ducks orally
gavaged on a daily basis became progres-

sively more aggressive and more difficult
to catch. Neurologic abnormalities were
not apparent. No gross abnormalities were
observed at postmortem examination and
no microscopic abnormalities were seen in
the brain of any of the mallards.

There are many potential reasons why
no disease transmission was achieved, in-
cluding the possibility that the disease is
not transmitted by any of the mechanisms
that we investigated. In addition to aquat-
ic vegetation, coots also feed on insects,
crustaceans, mollusks, and small fish (Tay-
lor, 1998) and it may be useful to inves-
tigate these food items as potential sourc-
es of transmission. It is also possible the
exposures we administered were inade-
quate in duration to cause disease. Seven-
day exposure times may have been inad-
equate under the conditions of captivity,
even though AVM has been detected in
game-farmed mallards within 6 days of
being released on the same lake that we
used as our exposure source (Rocke et al.,
2002). The exposures may have been in-
sufficient in volume or concentration;
however the volumes of material admin-
istered reflected the maximum volume
that could be safely administered in a sin-
gle dose. Efforts to administer higher vol-
umes resulted in regurgitation in several
ducks. However, to minimize the effects
of handling and stress, administration of
materials was only performed once per
day and it is possible that birds in the wild
ingest greater than 50 ml of one or more
of these items over the course of a day.
Mallards in captivity have been reported
to drink approximately 350 ml of water
per day (Rowe and Prince, 1983). In re-
gard to the exposure rate to affected
birds, it seems unlikely that there would
be a higher contact rate between mallards
and coots in the wild.

The sample size we selected may have
been too small to detect clinical disease.
Although high numbers of coots are af-
fected during naturally occurring out-
breaks, few affected individuals of other
species are typically found (Augspurger,
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unpubl. data). This may reflect a lower
susceptibility for other species, such as
mallards, so higher numbers may need to
be exposed to ensure characteristic le-
sions develop. However, a previous in-
vestigation suggested that the disease in
sentinel mallards closely mimicked the
disease in wild coots and other waterfowl
(Rocke et al., 2002). The detected prev-
alence of AVM in sentinel mallards has
been highly variable, ranging from 0–
54% (Rocke et al., 2002), but the reason
for this variability is undetermined and is
potentially multifactorial. When vacuolar
myelinopathy has been induced in cap-
tive ducks using established neurotoxins,
nearly 100% of the exposed birds have
developed characteristic lesions (Carlton
and Kreutzberg, 1966; Lampert and
Schochet, 1968; Fleming et al., 1991).

Another potential explanation for our
inability to transmit disease is that we did
not collect the samples for exposure trials
at a time when the causative agent was
present at the lake. In fall 2000, the first
confirmation of AVM in wild birds at Lake
Surf occurred on November 16, 2000.
Samples for transmission studies were col-
lected from that lake in late November
and early December, after affected coots
first appeared, but while affected coots
were still visible on the lake. A published
description of AVM suggested that eagles
survived for only a few days after first ex-
hibiting neurologic abnormalities (Thomas
et al., 1998). However, recent research has
shown that coots can survive for weeks af-
ter the first signs of neurologic dysfunction
and clinical recovery may occur (Larsen et
al., 2002). Furthermore, both coots and
mallards may have histologic lesions, but
show no signs of disease (Larsen et al.,
2002; Rocke et al., 2002). This implies that
free-ranging coots could be present on an
affected lake for days to weeks after being
exposed to the cause of AVM. If the agent
is only present for a short window of time,
the presence of neurologically abnormal or
debilitated coots may not indicate concur-
rent presence of the causative agent. It

would be informative to conduct feeding
studies that use material collected concur-
rent with the first onset of AVM in wild or
sentinel birds.
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