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ABSTRACT: In the summer of 1992, morbidity and mortality in juvenile double-crested cormo-
rants (Phalacrocorax auritus; DCC) attributable to Newcastle disease virus (NDV) was observed
for the first time in seven northern USA states and one Canadian province, and recurred in three
western Canadian provinces. Based on clinical signs and laboratory diagnostic findings, DCC
mortality from NDV occurred in 59 of the 63 nesting colonies and two of three non-colony sites
investigated. An estimate of in excess of 20,000 DCC died, with mortality rates ranging from <1
to 37% in Great Lakes colonies to 20 to 92% in Minnesota (USA) and North and South Dakota
(USA) colonies. Sick juvenile white pelicans (Pelecanus erythrorhynchos) exhibiting signs similar
to sick cormorants, and dead pelicans were observed in Minnesota and North Dakota. Mortality
rates in pelican colonies were as high as in the adjacent cormorant colonies, but no cause for the
mortality of an estimated 5,000 pelicans was determined. No evidence of NDV was found in
other species nesting in proximity to affected cormorants. Although the source of the NDV
infection is unknown in cormorants, the simultaneous onset of the epizootics in juvenile birds
over a wide geographic area implies that the virus was acquired by adults prior to migration and
was carried back to nest sites, exposing susceptible nestlings. The possible transmission of this
virus from free-ranging wild birds to domestic poultry is a concern. Based on repeated epizootics
in cormorants since 1990, NDV seems to be established in DCC.

Key words:  Double-crested cormorant, epizootiology, mortality, Newcastle disease, Newcastle
disease virus, Phalacrocorax auritus.

INTRODUCTION corax aristotelis) in Great Britain in 1949
(Blaxland, 1951) and in double-crested
cormorants (Phalacrocorax auritus; DCC)
in Canada in 1975 and 1990 (Wobeser et
al., 1993). Prior to the 1992 outbreak,
NDV had not been reported as a cause of
mortality in native wild birds in the USA.

In the summer of 1992, sick and dead
juvenile DCC were observed in nesting
colonies over a wide geographic area in
seven northern states of the USA and four
Canadian provinces. Clinical signs in sick
birds suggested neurological disease and
NDV was isolated from affected cormo-

Newcastle disease (ND), caused by
strains of avian paramyxovirus-1 virulent
for poultry, was first recognized in domes-
tic fowl in the Dutch East Indies (Indo-
nesia) and in Newcastle-upon-Tyne, Eng-
land in 1926 (Alexander, 1997). Newcastle
Disease Virus (NDV) is capable of infect-
ing a wide variety of birds (Alexander,
1986) and certain NDV strains have tra-
versed the globe in panzootic style mani-
festing new forms of the disease. Most vir-
ulent strains of avian paramyxovirus-1 in-

fect captive parrots and domestic poultry
but NDV also has been isolated from wild
birds in several parts of the world (Alex-
ander, 1997; Ritchie, 1995). Epizootics of
ND were documented in shags (Phalacro-

rants and characterized, and associated le-
sions were described (Heckert, 1993; Ba-
nerjee et al, 1994; Heckert et al., 1996;
Meteyer et al., 1997). The 1992 event is
the first recorded outbreak of neurotropic
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FIGURE 1. Locations in the USA investigated in
1992 for evidence of Newcastle disease in double-
crested cormorants (see Table 1 for name and lati-
tude/longitude of each numbered site).

NDV in free-living DCC in the USA. We
summarize information on cormorant
mortality in the USA and Canada and on
morbidity and mortality in other colonial
waterbird species in close proximity to af-
fected cormorant colonies.

MATERIALS AND METHODS

Following initial reports of mortality in DCC
in Minnesota (USA), Michigan (USA), and On-
tario (Canada) in late June and early July 1992
disease alerts were distributed in the USA by
the National Wildlife Health Center (NWHCQC)
and in Canada by wildlife disease workers in
several provinces. The reports described signs
of ND in affected cormorants and provided
general information on NDV, including the
concern that humans can spread the disease to
other birds. Descriptions of abnormal behavior
and morbidity/mortality in juvenile DCC and
other species of colonially nesting waterbirds
were solicited from wildlife personnel by the
same agencies that distributed the disease
alerts. In addition to colonies of DCC visited
annually in the course of population or other
research, some normally unobserved DCC col-
onies were investigated to determine the extent
and estimate the impact of the disease.

Sixty-three primarily ground-nesting colonies
of DCC were investigated for the presence of
colonial waterbird morbidity and mortality.
Data from three additional non-colony sites in
Canada are incorporated here also (Figs. 1, 2).
The time spent at each colony site was limited
to minimize human impact on nesting birds.
USA nesting colonies were visited prior to the
time that offspring normally fledge, at approx-
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FIGURE 2. Locations in Canada investigated in
1992 for evidence of Newcastle disease in double-
crested cormorants (see Table 2 for name and lati-
tude/longitude of each numbered site).

imately 6 wk of age. In some colonies, logistical
reasons (colony size, disturbance of birds, den-
sity of vegetation) dictated that only a portion
of the colony was observed. Nests in trees were
observed from the ground only. Sick and dead
birds were counted. In colonies that could not
be examined entirely, estimates of the number
of sick and dead birds and the juvenile popu-
lation size were based on counting parts of the
colony. To estimate the juvenile population, the
number of active nests was multiplied by two,
assuming two fledged young per nest (Weseloh
et al., 1995). The parts of the colony that were
counted were then multiplied by an appropri-
ate factor based on an estimate of the propor-
tion of the entire colony which had been ex-
amined. In Canadian Great Lakes colonies,
some of which were visited after fledging,
methods were similar, but affected birds were
counted both on the colony and in near shore
water. Field investigations in western Canada
were less systematic, and only anecdotal ret-
rospective information was available in some
cases.

Samples were collected for further diagnos-
tic investigation from 50 of these sites. In the
USA, freshly dead carcasses or euthanized
birds were either necropsied outside the nest-
ing area at the site or shipped to a diagnostic
laboratory for necropsy. Tissue samples for vi-
rus isolation taken from carcasses necropsied in
the field were stored in cryovials in a liquid
nitrogen dry shipper and tissues for histopa-
thology were fixed in 10% neutral buffered for-
malin. All necropsies were performed in the
laboratory in Canada.

In the USA, necropsies and diagnostic eval-
uations of 114 DCC from 24 colonies were per-
formed: NWHC (Madison, Wisconsin, USA; 93
DCC); Animal Health Diagnostic Laboratory
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(East Lansing, Michigan, USA; nine DCC; Ba-
nerjee et al., 1994); Northeastern Research
Center for Wildlife Diseases, (Storrs, Connect-
icut, USA; two DCC); and USDA National Vet-
erinary Services Laboratory (Ames, Towa, USA;
10 DCC; Meteyer et al., 1997). In addition,
necropsies were performed at the NWHC in
the same manner as the DCC with the same
laboratory procedures on 42 birds of five other
species; 24 white pelicans (Pelecanus erythro-
rhynchos), four unidentified gulls, two Frank-
lin’s gulls (Larus pipixcan), and five ring-billed
gulls (Larus delawarensis) from midwest loca-
tions, and three herring gulls (Larus argenta-
tus), two ring-billed gulls and two black-
crowned night-herons (Nycticorax nycticorax)
from Great Lakes locations.

In Canada, 67 DCC from 19 locations were
necropsied by five laboratories: Alberta Agri-
culture (Edmonton, Alberta, Canada; 13
DCC); Western College of Veterinary Medi-
cine (Saskatoon, Saskatchewan, Canada; 21
DCC); Manitoba Department of Agriculture
(Winnipeg, Manitoba, Canada; five DCC); On-
tario Veterinary College (Guelph, Ontario,
Canada; 25 DCC); Ontario Ministry of Agri-
culture, Food and Rural Affairs (Brighton, On-
tario, Canada; three DCC), generally as de-
scribed above. Virus isolation was carried out
by inoculation of embryonated eggs via the al-
lantoic sac (Senne, 1989). All viral isolates were
sent to Agriculture and Agrifood Canada (Hull,
Quebec, Canada) for confirmation of diagnosis
and evaluation of virulence in domestic poultry
(Heckert, 1993). Necropsies and subsequent
laboratory investigations also were performed
on two white pelicans and two unspeciated
gulls from sites other than the Great Lakes in
Ontario, and two Caspian terns (Sterna caspia),
one herring gull, four ring-billed gulls, and two
black-crowned night-herons from the Great
Lakes region in Ontario in the same manner as
on DCC.

For each DCC colony, we tabulated estimat-
ed mortality (number of dead juveniles/esti-
mated juvenile population) and presence/ab-
sence of clinical signs compatible with ND, mi-
croscopic lesions characteristic of ND in DCC
(Wobeser et al., 1993; Banerjee et al., 1994;
Meteyer et al., 1997), seropositive birds, and
virus positive birds (Tables 1, 2).

One hundred forty-six clinically affected
DCC from nine colonies in the USA and 152
normal or clinically affected DCC from 13 col-
onies in Canada were examined serologically
(Tables 1, 2). In the USA, blood was collected
from the jugular vein of affected cormorants,
allowed to clot, centrifuged and the serum was
decanted and stored in a plastic vial chilled or
frozen for transport to the laboratory. In Can-
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ada, blood was collected from the brachial vein,
placed on ice or refrigerated as whole blood,
and transported to the laboratory within 2 days
of collection. Serum was tested for antibodies
to NDV by hemagglutination inhibition (HI)
(Canada—Allan and Gogh, 1974; USA—Me-
teyer et al., 1997). A serum was considered
“positive” if it reacted with an HI titer to NDV
of =1:8 (Canada) or =1:10 (USA).

RESULTS

In cormorants, neurological signs com-
patible with ND were recognized only in
young of the year, usually in >3-wk-old
birds. The signs included paresis or paral-
ysis of one or both legs, sometimes with
feet clenched; paresis or paralysis of one
or both wings; inability to hold affected
wings tucked against the body; drooping of
the head; torticollis; deviation of the tail
from midline; tremors; and inability or re-
luctance to move. Some younger birds
were found sick or dead in nests, some-
times with apparently normal nestmates.
Older fledged birds with wing or leg pa-
resis, often unilateral, were observed at-
tempting to walk, swim, dive, or fly.

Estimated mortality of juvenile cormo-
rants in the affected midwest USA colo-
nies ranged from 4 to 92% and estimated
mortality in the Great Lakes (USA and
Canada) colonies ranged from <1 to 37%.
Mortality was not calculated for some Ca-
nadian colonies. The total number of dead
DCC was estimated conservatively at
5,000 birds in the USA and in excess of
15,000 in Canada (Tables 1, 2).

In the USA, sick and dead juvenile
white pelicans, Franklin’s gulls, ring-billed
gulls, and herring gulls were observed in
nesting colonies, most of which were in
close proximity to affected cormorant col-
onies. Sick pelicans exhibited behavior
similar to sick cormorants, including uni-
lateral or bilateral wing and or leg paraly-
sis/paresis, drooping neck, and an inability
or reluctance to move. Abnormal behavior
seen in gulls was limited to unilateral or
bilateral wing and leg paralysis/paresis. Ap-
proximately 5,000 juvenile pelicans died,
with the majority of birds found at the
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Marsh Lake (Minnesota) and Chase Lake
(North Dakota) colony sites where mor-
tality rates were estimated at =90%. Gulls
were submitted from North Dakota, Lake
Michigan, and Lake Huron. The highest
mortality in gulls was recorded from Chase
Lake and Devils Lake in North Dakota,
and High Island in Lake Michigan. The
estimated loss was about 3,100 birds.

In Canada, greater-than-expected num-
bers of dead pelicans and gulls were re-
ported from Redberry Lake and Doré
Lake (Saskatchewan) but not from other
locations. Although two dead pelicans
were submitted from Lake of the Woods
in northwestern Ontario, greater-than-ex-
pected mortality in pelicans could not be
confirmed at this locality. Observation of
colonies of Caspian terns, and ring-billed
and herring gulls on Lakes Erie, Huron
and Ontario usually did not reveal abnor-
mal mortalities, even when these species
shared ground with cormorants. Signs in
14 herring gulls observed on Nottawasaga
Island in Georgian Bay (Lake Huron)
were considered compatible with botulism
by the observers, but these birds were not
submitted to the laboratory. Two sick and
three dead black-crowned night-herons
were observed on Snake Island (Lake On-
tario).

Double-crested cormorant mortality at-
tributable to ND was present at 27 USA
colony sites, 30 Canadian colony sites, and
at two non-colony sites in Canada (Tables
1, 2). Affected colonies were scattered
over a wide geographic area, from north-
ern Alberta (Canada), through the upper
midwest of the USA, and involved all of
the Great Lakes as far as the east end of
Lake Ontario (Figs. 1, 2). Clinical signs in
breeding colonies were reported from the
third week in June to the end of August
in the USA, and from the fourth week of
June to mid-August in Canada (Tables 1,
2). Individual flightless cormorants with
clinical signs consistent with ND, particu-
larly unilateral wing paralysis, were re-
ported on the lower Great Lakes into late
autumn.
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Necropsy findings have previously been
reported in a subset of American cormo-
rants from this epizootic (Banerjee et al.,
1994; Meteyer et al., 1997) and no consis-
tent significant gross lesions were found in
the additional DCC reported here, from
the USA or Canada. Newecastle disease vi-
rus was isolated from birds from 15 USA
colony sites in Minnesota, Nebraska,
North Dakota and South Dakota, Lake Su-
perior, Lake Michigan, Lake Huron and
Lake Ontario (Table 1). Newcastle disease
virus was isolated from five Canadian col-
ony sites and two non-colony sites in Sas-
katchewan, Manitoba, Lake Huron and
Lake Ontario; a hemagglutinating agent
compatible with NDV was isolated from
two colony sites in Alberta (Table 2). Virus
from the Marsh Lake (Minnesota) site was
characterized as neurotropic velogenic
NDYV for domestic poultry (Meteyer et al.,
1997) as was a virus isolated from Michi-
gan (Banerjee et al., 1994). NDV isolates
from DCC in Canada were variously char-
acterized as mesogenic (n = 3), or velo-
genic neurotropic (n = 4), by Agriculture
Canada (Heckert, 1993); isolates from Al-
berta could not be recovered for charac-
terization. Four USA and eight Canadian
colony sites had DCC with clinical signs
and microscopic lesions consistent with
ND, but from which the virus could not
be isolated (Tables 1, 2). Virus was not iso-
lated from DCC collected in the USA af-
ter 1 August 1992. The DCC collected in
Canada after 10 August 1992 did not have
microscopic lesions characteristic of ND
nor was NDV isolated from tissues. NDV
was not isolated from birds which did not
have microscopic lesions characteristic of
ND. Forty-four of 146 DCC sampled in
eight of nine colonies in the USA had an-
tibody to NDV at a titer of =1:10 (Table
1). In Canada, 37/152 DCC, involving 11
of 13 colonies sampled (Table 2), had an-
tibody to NDV at a titer of =1:8.

Diagnostic evaluation in the USA of 21
of 24 white pelicans, 10 of 16 gulls, and
both black-crowned night-herons found
them to be in poor to emaciated body con-
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dition with an undetermined etiology. Six
of 24 pelicans had moderate to severe gas-
tric parasitism; one of six gulls in good
body condition had ingested a foreign
body, one had trauma, and four died of
undetermined cause. In Canada, all gulls
and both pelicans examined were in poor
to emaciated condition with an undeter-
mined etiology. One Caspian tern had sep-
tic arthritis of the shoulder; the other had
no lesions identified. Both black-crowned
night-herons were emaciated, with heavy
gastric parasitism. Virus was not isolated
from any of the birds examined and mi-
croscopic lesions compatible with ND
(non-suppurative encephalitis) were seen
only in one of two sick black-crowned
night-herons examined from Snake Island
(Lake Ontario). Of 149 gulls and terns
from Ontario examined serologically, only
one ring-billed gull from Gull Island (Lake
Ontario) had a weak positive titer to NDV
(1:32).

DISCUSSION

The clinical signs and microscopic le-
sions in the DCC described in this paper
were similar to those attributed to neuro-
tropic paramyxovirus-1 infections in do-
mestic and wild birds, including DCC
(Heckert, 1993; Wobeser et al., 1993; Ba-
nerjee et al., 1994; Alexander, 1997). Spas-
ticity, tremors and frequent asymmetry of
paralysis serve to differentiate clinical ND
from other paralytic diseases that might af-
fect colonially nesting birds, including bot-
ulism (Wobeser, 1981), and domoic acid
intoxication in marine environments (Fritz
et al., 1992). NDV isolation rates may have
underestimated prevalence of infection,
possibly due to interference of antibody
with virus isolation in some cases, or re-
duction in virus titer below detectable lev-
els in chronically affected survivors (Wob-
eser et al., 1993).

Breeding populations of DCC have in-
creased dramatically in the last 20 yr. This
is attributed to decreased organochlorine
pesticide contamination, increased protec-
tion (Ludwig, 1984; Price and Weseloh,
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1986), and an increased food supply, pri-
marily alewife (Alosa pseudoharengus)
(Weseloh et al., 1995). Populations in col-
onies on the Great Lakes where ND oc-
curred in 1992 were reported to be at an
all time high in 1991 (Weseloh et al.,
1995). A large DCC population, high nest-
ing densities, heavy contamination with ex-
creta, and older juveniles traveling in
groups in and around the colonies, were
favorable for the transmission of an infec-
tious agent.

This outbreak involved six of the 10
DCC colonies known to have been affect-
ed by ND in western Canada during 1990
(Wobeser et al., 1993). However, the geo-
graphic distribution in 1992 was apparent-
ly much greater, extending south and east
through the Dakotas, Nebraska, and Min-
nesota to involve the entire Great Lakes
basin. The isolated nature of cormorant
colonies and lack of observation undoubt-
edly resulted in some affected colonies be-
ing missed during both outbreaks. Many
Great Lakes colonies were observed at
least annually during the nesting season
(Weseloh et al., 1995). Unless colonies
were visited prior to an outbreak, it is
probable that some evidence of the dis-
ease, in the form of abnormally large num-
bers of sick and dead birds, or survivors
with residual signs of paralysis, would be
noted. Therefore, the more widespread
detection of ND in cormorants in 1992
was probably real and not solely due to
increased surveillance. Despite the fact
that ND was not observed in DCC on the
Great Lakes prior to 1992, antibody to
NDV was present in eggs from Great
Lakes colonies in 1991 (Wobeser et al.,
1993), evidence of previous infection with
NDV or a cross-reacting paramyxovirus in
that population (Alexander, 1997). Wheth-
er that exposure occurred on the wintering
or breeding grounds is unknown.

The circumstances under which esti-
mates of mortality were made dictate that
they can be considered only approximate.
At some localities in the midwestern USA
the impact of ND on juvenile cormorants
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was high (>50% mortality), while on the
Great Lakes, generally <20% of offspring
were killed. Since observations at a given
colony were often conducted only once,
apparent geographic variations in morbid-
ity and mortality among colonies may sim-
ply reflect the fact that populations were
observed at different points on the epi-
demic curve. Variations in the number of
susceptible birds also may have occurred,
due to differences in prevalence and con-
centration of maternal antibody reflecting
the infection experience of the mother,
and/or the time of introduction of virus in
relation to the decline of maternal anti-
body concentration in the chicks.

In a rapidly expanding DCC population,
such as that on the Great Lakes, recruit-
ment rates may be as high as 50-70%
(Price and Weseloh, 1986). In such a cir-
cumstance, 20% fledgling mortality in one
year would cause only a minor transient
decline in the rate of population growth.
In a more stable population, with a much
lower annual rate of recruitment (Ludwig,
1974), even a 90% mortality rate in 1 yr
will cause only a minor decline in absolute
numbers of birds recruited to the popu-
lation. While comparisons with the impact
of the 1990 outbreak in western Canada
are difficult, in absolute terms DCC mor-
tality in that region during 1992 seems to
have been similar.

Failure to diagnose ND in other colo-
nial nesting birds, especially pelicans,
gulls, and terns, at many of these same lo-
cations is a conundrum. Neither micro-
scopic lesions compatible with ND, nor
NDV, were demonstrated in affected birds
from colonies in the midwest of the USA
where mortalities were high, despite the
fact that both had been demonstrated in
pelicans and ring-billed gulls in the 1990
Canadian outbreak (Wobeser et al., 1993).
In Canada, there was little field or labo-
ratory evidence of ND in species other
than DCC, with the exception of a single
black-crowned night-heron, and a single
ring-billed gull seropositive at low titer.

The source of the NDV which caused
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this outbreak is unknown. Since the dis-
ease erupted simultaneously over a wide
geographic area, in similarly-aged juvenile
birds, the virus was most likely carried to
nesting sites by adults infected prior to the
northward spring migration (Meteyer et
al., 1997). Migrating DCC that nest over
a wide geographic range congregate on
wintering areas (Dolbeer, 1991) that ex-
tend from the Gulf coast of Mexico and
Texas to Florida, and include the Missis-
sippi River delta in northwestern Missis-
sippi. A wintering site could be a source
of exposure to a virus maintained within a
subpopulation of cormorants, or in other
wild or domestic avian species. However,
no mortality has been reported in DCC on
wintering grounds, nor have epizootics of
velogenic NDV in poultry been reported
from the southern USA. Velogenic NDV
epizootics in domestic poultry occur in
Mexico (P. Fernandez, pers. comm.) but
information on outbreaks where cormo-
rants potentially may have been exposed is
not available.

The fact that several epizootics of ND
have been recognized in DCC in North
America implies that NDV may be main-
tained in this species. This is supported by
antibody titers in DCC eggs indicating that
NDV or an antigenically related virus was
circulating in Great Lakes colonies prior to
the epizootics in 1992 (Wobeser et al.,
1993). In 1993, eggs with positive antibody
titers to NDV (>1:20) were found in 19 of
20 DCC colonies located in coastal British
Columbia, Alberta, Saskatchewan, Mani-
toba, the Great Lakes (Ontario), the St.
Lawrence River (Quebec), and coastal
Prince Edward Island. The single negative
colony was in Saskatchewan. The preva-
lence and magnitude of titers appeared to
be greater in western Canada than in the
Great Lakes and eastern Canada (T. Bol-
linger, unpubl. data). Despite surveillance
of most USA DCC nesting colonies in the
summers of 1993 and 1994, no mortality
attributable to ND was detected (L. C.
Glaser, unpubl. data). In Canada in 1995
and 1996, ND was diagnosed in low num-
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bers (<5 cases/yr) in DCC and a Caspian
tern on Lakes Erie and Ontario and en-
virons, on Prince Edward Island (Canada),
and in New Brunswick (Canada), but local
mortality was <1% (G. D. Campbell, P.-Y.
Daoust, and J. Shapiro, pers. comm.).
However, in 1995, an estimated 32 to 64%
of juvenile DCC at Doré Lake (Saskatch-
ewan) died of ND (T. Kuiken, pers.
comm.). In 1997, morbidity and mortality
attributable to NDV occurred in two Sas-
katchewan colonies (Kuiken et al., 1998),
and in three DCC colonies in three dif-
ferent states west of the Rocky Mountains
in the USA (L. C. Glaser, unpubl. data),
where ND had not been observed previ-
ously.

The epidemiological factors that dictate
recurrent local or extensive epizootics of
ND in DCC are unclear. The age class af-
fected (mainly unfledged juvenile DCC
over 2 to 3 wk of age) suggests that ma-
ternal antibody in eggs (Wobeser et al.,
1993) may protect hatchlings against in-
fection. However, the likelihood that the
virus is exchanged on the wintering
grounds and introduced into the breeding
colonies by adult birds in which clinical
signs of ND have not been recognized sug-
gests that older birds, while susceptible to
infection, are resistant to disease. The
transformation of a low-virulence virus to
a velogenic form of NDV in DCC might
explain the sporadic nature of epizootics
but this phenomenon would be difficult to
document.

While the viruses isolated were de-
scribed as variably mesogenic or velogenic
based on pathogenicity indices in North
America, they are considered an unequiv-
ocal threat to domestic poultry (Heckert et
al., 1996). Although DCC are not typically
in contact with domestic poultry opera-
tions, other species, such as gulls, frequent
both cormorant colonies and poultry op-
erations. An outbreak of velogenic ND oc-
curred in a range flock of turkeys in North
Dakota in August 1992 about 5.5 km from
a DCC colony with ND mortality (Mixon
and Pearson, 1992). Newcastle disease vi-
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rus indistinguishable from the 1992 cor-
morant virus was isolated from several in-
fected turkeys in this range flock (Heckert
et al., 1996), which was eradicated. Diag-
nostic evaluation of other species, such as
gulls, that nested in close proximity to af-
fected cormorants, and in some localities
were showing clinical signs similar to cor-
morants with confirmed ND, was pursued
based on the concern that poultry more
likely would be exposed to these species.
Although no concrete evidence of NDV
etiology was found, the possibility of infec-
tion in these species closely associated
with infected DCC cannot be ruled out,
since NDV identical to that in DCC was
isolated from a pelican and a ring-billed
gull during the 1990 DCC outbreak in
Canada (Heckert et al., 1996).

Based on outbreaks at intervals since
1990, NDV seems to be established in the
DCC population. Continued surveillance
of free-flying colonial waterbird species is
needed to detect and document further
the epidemiology and impact of NDV on
their populations, and on domestic poultry.
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