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Introduction
Lewcastle disease (ND), caused by
Ilparamyxovirus type 1 (PMV- 1)
has been recognized as a disease of
pigeons for many years (1, 2), but
prior to the early 1980's most reported
cases were of a sporadic nature (3,
4, 5). However, a primarily neuro-

tropic form of PMV- 1 infection swept
through pigeon flocks in many areas

of continental Europe in the late
1970's and early 1980's (6, 7). The
origin may have been the Middle East
(8) where outbreaks of encephalitis
of unknown or possibly herpesvirus
etiology had been reported in pigeons
earlier (9, 10). This epizootic even-

tually spread to Britain, where it was
recognized in racing pigeons in 1983
(11, 12). Initially, the disease was

apparently limited to pigeons and no

association was made between dis-

ease in this species and any outbreaks
of disease in domestic poultry (6, 13).
However, laboratory studies in Brit-
ain indicated that isolates from pigeons
could increase in pathogenicity on

serial passage in chickens and that,
therefore, diseased pigeons could be
a source of infection for domestic
poultry (13). Such spread subsequen-
tly occurred in Britain (14), with
serious economic consequences (14,
15, 16).

In 1984, PMV- 1 infection was re-

cognized in pigeons in the northeast-
em USA (17). This report describes
the occurrence of the disease in Can-
ada and documents some character-
istics of the isolated viruses.

Materials and Methods

Animals and Eggs
Eggs and chickens were obtained from
a laboratory flock of isolated non-

vaccinated Leghorn-type birds free

from hemagglutination-inhibition (HI)
antibody to the B1 (18) strain of
PMV- 1. Clinical data on pigeon flocks
were supplied by field veterinarians
in reports accompanying submissions
of tissues or carcasses.

Vims Isolation and Characterization
Tissue samples were received from a
total of six flocks of pigeons in the
period June to August 1985 (Table
I). Three of the flocks (A, B, C,
disease first seen in June) were located
in Ontario. The three remaining iso-
lates were from Alberta (D, disease
also first seen in June) and British
Columbia (E, F, disease seen in
August). Viral isolations 1824, 1957,
and 2041 (Table 1) were made by
virologists at Ontario and Alberta Pro-
vincial laboratories, and received as
infectious allantoic fluid from inocu-
lated chicken embryos.
An approximate 20% (w/v) homog-

enate of tissues comprising spleen,
lung, liver, and brain from affected
pigeons was made in 0.05 M phos-
phate buffered saline (PBS) pH 7.2
and inoculated into 9-11 day embry-
onated chicken eggs as described pre-
viously (13). Two serial passages in
eggs were completed before samples
were considered negative, with tests
for hemagglutination (HA) of allan-
toic fluid carried out at each pas-
sage. Some isolates were made by
virologists at provincial laboratories
and received as infectious allantoic
fluid. These isolates were passaged
in eggs once or twice in this manner
before use in characterization studies.

All isolates were identified as PMV-1
by the hemagglutination-inhibition (HI)
test performed according to standard
methods (19, 20), using antiserum
prepared against the GB Texas strain.
Additional viral characteristics deter-
mined were the mean death time
(MDT) in ten-day-old embryonated
eggs (19), the intravenous pathoge-
nicity index (IVPI) in four-to six-
week-old chickens (12), and the intra-
cerebral pathogenicity index (ICPI)
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in one-day-old chickens (22). Mean
death time values of over 90 h, 70-90
h, and fewer than 70 h, and ICPI
values of 0-0.5, 0.5-1.5, and 1-2 were

considered to be characteristics of
lentogenic, mesogenic, and velogenic
isolates, respectively (21, 22).

Intravenous pathogenicity index
values for lentogenic strains are zero

and for velogenic strains are usually
over 2 (maximum value for the IVPI
is 3), but mesogenic strains may give
values ranging from 0.08 to over 1
(18, 23). The establishment of cut-
off points for each level of pathoge-
nicity is not possible.

Passage in Chickens
Four serial passages of viral isolates
were completed in four-to six-week-
old chickens by intramuscular inocu-
lation (0.5 mL/chicken) according to
the method described by Alexander
and Parsons (13). In the first pas-

sage, infective allantoic fluid was inoc-
ulated. Subsequent inocula were pre-

pared from a pool of brian, lung,
and spleen collected from each group

of five chickens on postinoculation
day 5, homogenized as a 10% sus-

pension in PBS pH 7.2, centrifuged
to clarify, and filtered through a 0.45
nm Millipore filter. Each serially pas-

saged inoculum was assayed for the
presence of PMV-1 virus by inocula-
tion of embryonated eggs.

Characteristics of MDT, ICPI and
IVPI were determined before and after
passage.

Results
Viral isolation data and classification
results for isolates before and after

passage in chickens are shown in Table
1. Most isolations were made on first
passage in eggs, and no difficulty was
experienced in demonstrating hem-
agglutination, or hemagglutination-
inhibition with Newcastle disease anti-
serum. In all cases, MDT and IVPI
values for original isolates were within
the lentogenic range but ICPI values
were within the mesogenic range.

Serial passage in chickens did not
increase these indices and some values
decreased. Isolate F was not recov-

ered after four passages in chickens
(Table I). All inoculated chickens
remained clinically normal throughout
each five-day observation period and
no macroscopic abnormality was seen

on postmortem examination. Histo-
pathology was not done.

Isolates from flocks A, B, D, and
F were examined by Dr. D.J. Alex-
ander, Central Veterinary Laboratory,
Weybridge, Surrey, England where,
by the indirect immunoperoxidase test,
tissue cultures infected by these iso-
lates bound certain monoclonal anti-
bodies in a pattern similar to that of
the reference pigeon isolate 561/83
(I 1) (D.J. Alexander, personal com-

munication). Although ICPI values
determined at Weybridge were higher
(1.3-1.6) than those determined in our

studies (Table I) they were within the
mesogenic range, and IVPI values
were consistently zero.

The natural disease in affected
pigeons was clinically evident as slight
dullness, loss of condition and vomit-
ing, to severe incoordination, head-
tilting, disorientation in flight, wing
and/or leg paralysis, and diarrhea.
Mortality rates were not obtained for

all flocks but ranged from 3% (flock
D) to 40% (flock A).

Discussion
During these outbreaks of PMV- 1
infection of pigeons, there was con-

cern that the disease might spread to
commercial flocks of poultry. Al-
though outbreaks of PMV-1 infec-
tion of pigeons were not associated
with concurrent disease in poultry in
continental Europe, serious outbreaks
of Newcastle disease in commercial
poultry in Britian were attributed to
PMV- I strains derived from pigeons
(14, 21). These outbreaks, which
resulted in the slaughter of about
800,000 fowl at a total control cost
of over $4 million (14) clearly de-
monstrated the potential danger of
PMV- I transmission from pigeons to
other avian species. However, it is
probable that spread was facilitated
by a policy that banned Newcastle
disease vaccination of poultry in Brit-
ain at that time (24). Subsequently,
it has been demonstrated that vac-

cination with the B 1 strain of New-
castle disease virus will protect chick-
ens against challenge with the strain
of PMV- I from pigeons (24).

Serial passage of the isolates, iden-
tified in Table 1, was performed to
examine the potential pathogenicity
of these pigeon-derived viruses for
chickens. Such studies had enabled
British workers to predict correctly
the potential pathogenicity for chick-
ens of pigeon PMV- 1 strains isolated
from pigeons in Britain (13), and had
demonstrated that very significant
increases in indices such as the IVPI,
could occur after as few as two serial
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passages. For example, isolates
617/83, 760/83, and 1044/83 increased
in their IVPI values from 0, 0.28,
and 1.35, to 2.3, 2.03, and 2.13,
respectively, after three to four pas-
sages ( 13). However, none of the iso-
lates identified on Table I demonstrated
any increase in index values after four
serial passages in chickens and none
of the inoculated chickens exhibited
any evidence of clinical disease. Al-
though these isolates exhibited ICPI
values indicative of mesogenic strains
(22), they did not show any evidence
of ability to cause disease in chick-
ens by routes of inoculation other
than intracerebral, and were therefore
classed as lentogenic strains. More
recently, it has been noted that in-
creased pathogenicity of pigeon iso-
lates on passage in chickens is not a
characteristic of all strains of PMV-1
and that in general over the period
1983-85, PMV- 1 isolates showed a
general decline in pathogenicity for
young chickens (27).

Importation of pigeons from the
northeastern United States into flocks
A, B, and C had occurred in April,
May and June, and it is probable that
this was the source of infection for
these flocks. Contact-infected pigeons
may excrete virus for approximately
one month (13) and the incubation
period can be six weeks or longer
(12). Therefore, the period between
the disappearance of clinical disease
in one flock and appearance of dis-
ease in another after carrier introduc-
tion could be several weeks. As the
virus of Newcastle disease can remain
viable in excreted fecal matter for
several months (15), the potential for
spread of this disease between flocks
is significant. Pigeons had been intro-
duced into flocks E and F from flock
D just prior to recognition of illness
in flock D. Pigeons had been imported
into flock D from Holland about three
weeks prior to recognition of illness
and the first pigeon from which
PMV- I was isolated in flock D was
an imported bird which was lame and
cachectic. The coincidental onset of
disease in both "index" flocks sev-
eral thousand miles apart (Ontario and
Alberta) was apparently due to two
different imported sources of infec-
tion as there was no known contact
between these flocks.
When these outbreaks first occurred

there was no PMV- 1 vaccine licenced
for use in pigeons in Canada. Since
it was considered possible that live

lentogenic poultry NDV vaccine had
been used in pigeons and that a
vaccine strain had been the source of
these isolations, the isolated viruses
were sent to Weybridge for examina-
tion (6). Results indicated that these
isolates were of pigeon origin.

After the outbreak of PMV- 1 infec-
tion in flock F (Table I) subsequent
cases were not seen, despite investi-
gation of several contact flocks by
regulatory veterinarians. At this time,
commercially-available killed PMV- 1
vaccines are available for use in Can-
ada to provide protection of pigeons
against this disease. The cases des-
cribed in this paper appear to have
occurred through outside introduction
of carrier birds or contaminated mate-
rials into flocks which were not pro-
tected by vaccination. In this regard
recent work suggests that vaccines
for use in pigeons may be preferably
prepared from pigeon-origin PMV-1
virus (25), but protection of chick-
ens may be induced by the B 1 (chick-
en origin) strain (24).
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