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Avian Polyomavirus:
My Thoughts ...

Introduction
The avian polyomavirus (APV) is

one of the most significant viral
pathogens of cage birds. It results in
substantial economic losses for avicul­
turists and pet store owners each year.
The biology of this virus is complex
and as a result veterinarians and avi­
culturists alike are often very confused
about how to best prevent this virus
infection and, once confronted with it,
how to minimize its impact. The fol­
lowing article is an in depth discussion
on APV from my perspective. In it I
address issues surrounding the value
of testing, what the various tests mean,
vaccination, and the various factors
that must be understood if the effects
of APV are to be mitigated. I feel that
this article is timely, as our knowledge
of biology and behavior of this virus
has grown significantly in the past few
years.

Avian Polyomaviros:
A De.fmition and History

The avian polyomavirus was first
recognized in the early 1980s in the
southeastern and southcentral United
States4,9, 10 and in Ontario, Canada in
budgerigars. 2, 3 It was called the
Budgerigar Fledgling Disease Virus. It
was found to be a nonenveloped,
DNA virus and based on its size,
shape, and DNA content it was classi­
fied as a papovavirus.2, 3, 4, 9, 10,49 The
Papovaviridae contain two very differ­
ent virus families, the papillomaviruses
and the polyomaviruses. With further
investigation, it was determined that
the Budgerigar Fledgling Disease Virus
is a polyomavirus.26. 29. 57 Subsequently,
the virus was found to infect many dif­
ferent species of psittacine birds (par­
rots) and thus it is generally the con­
vention to call it the avian poly-
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omavirus (APV).5. 1720.35.45 APV is wide
spread and can be found in most
countries of the world where psittacine
birds are raised.29. 31. 32. 59. 61As will
become clearly apparent, generaliza­
tions about this virus cannot be made
and over simplification about the
issues of infection and disease, while
convenient, are often misleading.

Avian Polyomaviros Disease
Budgerigars

In the Budgerigar, disease and
death is confined to nestlings between
10 and 25 days of age.2.3. 4.9 Budgerigar
breeders first detect this problem in
their flocks when there is a sudden
increase in the number of dead
nestlings in the nest boxes. The signs
of APV disease in Budgerigar nestlings
are somewhat variable. Most often, the
young birds experience an abbreviated
course of disease. At death, birds are
found to be stunted, to have abnormal
feather development, skin discol­
oration, abdominal distension, ascites
(fluid in the abdomen), enlargement of
the liver with localized areas of necro­
sis (cell death), and scattered areas of
hemorrhage. In some outbreaks, the
virus attacks the cerebellum (a portion
of the brain) and these birds will show
head tremors. Microscopic examina­
tion of the tissues from these birds
reveals virus inclusion bodies in cells
of multiple organ systems, including
the liver, spleen, kidney, feather folli­
cles, skin, esophagus, brain, and
heart. 2. 3, 4. 9. 10. 23. 29

Not every Budgerigar infected with
APV will die. Some survivors will
never become outwardly ill and will
show no signs of infection. Other
nestlings will fail to develop their pri­
mary and secondary wing feathers
and/or their tail feathers.3. 18, 22 These

birds have been referred to as runners
or creepers and this form of the dis­
ease has been described as French
molt. It is extremely important to note
that another virus, the Psittacine Beak
and Feather Disease Virus (PBFDV),
can also cause similar signs. It is possi­
ble that one or more additional dis­
eases may also cause feather disease in
nestling Budgerigars.

Not all Budgerigars appear to be
equally susceptible to infection and
disease. In one study in the United
States, English Budgerigars were rarely
found to be infected with APV
although they were housed with other
birds shedding the virus.44

Nonbudgerigar Parrots
Nonbudgerigar parrots are also sus­

ceptible to avian polyomavirus infec­
tion.5. 17. 20, 32..53. 53 Some are highly sus-
ceptible to disease, while others rarely
if ever develop disease (Table n'7
APV-disease in these birds occurs at
different ages in different birds (Fig. n
In conures, deaths typically occur in
birds less than six weeks of age.
Deaths in macaws and Eclectus Parrots
occur in birds 14 weeks and younger.
Most, possibly all, of the nestlings lost
are being hand fed.5. 17.20. J9 Infected
nestlings appear healthy, show very
few premonitory signs, and then die
suddenly. When signs do occur, they
proceed death by only a few hours.
Observant owners may notice delayed
crop emptying, weakness, a general­
ized pallor, or bruising under the skin
in the preceding hours before death.
Yellow discoloration of the urates is
another rare observation.5, 17. 20 Dr.
Susan Clubb was able to predict which
birds would die, up to 24 hours before
their death, by pulling out growing
feathers. Birds developing disease
would bleed extensively from the
feather follicle. s

Necropsy findings commonly
include generalized pallor with subcu­
taneous and subsersoal hemorrhage
and enlargement of the spleen and
liver. Less commonly, acites and peri­
cardial effusion may be present.
Microscopic examination of the tissues
reveals extensive areas of necrosis (cell
death) in the liver. Virus inclusion bod­
ies are found in the spleen, mesangial
cells of the kidney, and Kupffer cells of
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the liver. ecrosis of splenic cells is
often massive. Less commonly, virus
inclusions are found in other organ
systems including the feather follicles. s,

17.20 An immune complex glomerulopa­
thy occurs in a significant percentage
of the birds with this disease. These
complexes contain antibody and APV
proteins..l6. ;3

Infection Versus Disease
It has become evident that infection

and disease are not synonymous.
Many birds are infected by the virus
but only a certain, and sometimes
small, percentage of these birds will
develop disease.6. 7. 30. 44.;8 Whether dis­
ease will develop is dependent on the
species of bird infected, the age of the
bird infected, whether that bird is also
infected with the PBFDV, and other
factors that remain unclear. Birds that
are infected and do not develop dis­
ease still have virus replication within
their bodies and shed virus in their
droppings for a period of time.6. 7.30. ;4.48

The length of time that virus shedding
occurs, again, depends on the age of
the bird at the time of infection and the
species of the bird.6. 7. 48

Lovebirds
APV disease in lovebirds is distinct

enough to merit special attention. Like
the Budgerigar, this disease occurs in
nestling birds and inclusion bodies can
be found in multiple organs. Unlike
the Budgerigar, birds up to one year of
age can also be affectedY This unusu­
al age susceptibility has not been fully
explained. However, in at least some
of these older birds, concurrent infec­
tion with PBFDV is also occurring and
may permit APV disease in a bird that
would otherwise be resistant to it. 34.

4
'

Infection in Budgerigars
As previously mentioned, in the

United States, the English variety of
Budgerigar appears to have some
resistance to APV infection.4

; The most
devastating outbreaks of disease occur
in large commercial aviaries of the
American variety of Budgerigar where
birds are bred in rooms containing
tens or hundreds of free-flighted birds.
Both nestling and adult Budgerigars
are susceptible to infection. Death,
however, is confined to young birds
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Figure 1

Distribution of APV Cases
by species and age in weeks

# of Weeks

~ Macaws

transmission occurs.56 These birds'
never developed disease and, subse­
quently, I found that one of the
reagents used in this work was conta­
minated with viral DNA. Therefore, at
this point in my understanding of APV
disease in the Budgerigar and other
species, I feel that there is only very
limited and circumstantial evidence
that egg transmission occurs in any
parrot species.

Using my data as proof,38 it has been
stated that Budgerigars are the only
bird that is continuously infected with
APV and remain sources of virus for
life.56 This was not my conclusion,
however, and a subsequent paper of
mine argues strongly against this con­
clusion.42 In the first publication,38 I
found that virus DNA could be detect­
ed in tissues of Budgerigars up to four
years of age. Virus concentrations
were highest in six-month-old birds,
but diminished in birds breeding for
four months and were even lower in
birds continuously breeding for 17
months. Although virus DNA was
found in birds of all ages, it was not
clear that the older experienced breed­
ing birds were actually shedding virus.
In my second study,42 I took older
breeding birds that we knew had been
infected with virus and rested them
from breeding for seven months.
These birds were then allowed to
breed and their young were monitored
for signs of infection and the develop­
ment of antibody to the virus (an indi­
cation of infection). None of the 107
young birds produced by these previ­
ously infected Budgerigars developed
disease. Therefore, we must conclude

[J Eclectus

10 to 11 12 to 13 14 to 15

Infection in
Nonbu<;lgerigar Parrots

Susceptible birds infected with APV
infection will die. Rarely, a susceptible
bird will have transient signs and sur­
vive.5 In birds resistant to disease,
infection is unapparent. In these birds,'
viral DNA can be first detected in
blood after which it is detected in the
cloaca.7, B, 4B Cloacal samples may inter­
mittently be negative, but generally the
blood will remain positive.7,B, 48 When
the bird is about to stop shedding, the
blood will become negative and with­
in a week or two, cloacal swabs will
also become negative.48 The length of
time that birds are blood and cloacal
positive is dependent on the species of
bird and the age that it was infected. It
appears, for the most part, that the
older the bird is at the time of infec­
tion, the shorter the duration of shed­
ding. 7,8,48

Conures: Many, possibly most,
conure nestlings exposed to APV at six
weeks of age or younger will develop
disease and die. In birds older than six
weeks, APV causes an unapparent
infection (Fig. 1). In conures, unappar­
ent infections are best detected by
examining the blood for virus DNA.
Virus sheddirlg can be expected for
four to eight weeks in most birds, but
up to 16 weeks irl the rare individuaF8

that older experienced Budgerigar
breeders are not sources of virus infec­
tion and even if small concentrations
of virus DNA can be found in their
bodies, they do not actively shed the
virus.

8 to 96 to 74 to 5

• Conures

14

12

010
G)

~ 8
~ 6
o
'It: 4

2
o -­

2 to 3

between the ages of 10 and 25 days.
The nestling mortality (death) rate is
often high and may approach 100%
when the virus is first introduced to an
aviary. If there is no intervention in
subsequent breeding seasons, mortali­
ty rates will decline but production will
always remain depressed.34, 37, 38

Birds that survive infection may
have abnormal feathering or appear
completely healthy.IB, 32, 3B Survivors
shed virus in their droppings and
probably from their skin and feather
dander for up to six months after infec­
tion.33 Virus shedding stops with the
onset of sexual maturity or during the
first breeding cycle. The infection cycle
is then maintained through the shed­
ding of virus by nestlings and young
adult birds. Thus birds are exposed to
the virus immediately after hatch and
have virus circulating in their blood by
the time they are seven to 10 days
01d.37 Fledglings and young adult birds
are also important sources of virus
exposure for other birds when they are
taken to bird shows, bird marts, and
sold to pet stores.

It has been suggested that egg trans­
mission of APV occurs in the Budgeri­
gar. 10, 56 This conclusion is based on
two observations. First, intra-nuclear
inclusion bodies were reported in day­
old nestlings suggesting that these
birds had virus growing in them before
they hatched.2 Secondly, in a clinical
trial, eggs were removed from a flock
of Budgerigars experiencing an out­
break of disease and placed under the
hens of a clean flock. The young from
these eggs subsequently developed
disease. This author's experience,
however, does not support this con­
clusion. In my work, inclusion bodies
are not seen in birds less than a week
old. Also, there is another interpreta­
tion for the results of the clinical trial.
If the transferred eggs were contami­
nated with virus, then the chicks could
have been exposed at hatch.
Additionally, Budgerigar hens eat the
egg shells. Thus they could have
become infected and then passed the
infection on to their young. In a paper
I presented in Utrect, The Netherlands,
I found very low concentrations of
APV DNA in some embryos and very
young nestling budgerigars.37 This data
has also been used to suggest that egg

30 September/October 1998



QAfQlJES
E~-~C~~
Tame, laughable, lovable little

clowns from our Aviary
~'J:., ~~ to You!
~ '~,~\~,,~" ;,'1',1." A 1. liLt I _ ~ J,1',J, Ilil} W£ '"..,..... -

~\\~~'R.DS
T.M.

e~lI~

(~03) 3SQ-S/77
\I~~ g~£ H~~~

Macaws: Macaws are susceptible to
APV infection and disease up to
approximately 14 weeks of age, after
which infection is unapparent. Peak
mortality in macaws occurs from four
to eight weeks of age (Fig. 1).
Unapparently infected birds will
become blood positive and cloaca
positive. In a recently completed
study, two Blue and Gold nestlings
that survived infection shed virus 14
weeks. Two fledgling Red-fronted
Macaws shed virus for 10 weeks. Adult
Blue and Gold Macaws and Hyacinth
Macaws shed for six weeks or less.
Unlike most other birds examined, the
Blue and Gold nestlings were occa­
sionally blood negative, but cloacal
positive.48

Eclectus Parrots: Infection of oth­
erwise healthy nestling Eclectus Parrots
will cause their death if they are less
than 14 weeks old. Specific studies on
the length of virus shedding in these
birds have not been done.39

Cockatoos: As a general statement,
cockatoos of any age are highly sus­
ceptible to infection with APV, but are
extremely resistant to disease. Healthy
adult cockatoos are not expected to
ever develop APV disease and the
same is true for nestling cockatoos
under most circumstances. In a recent
study, it was found that Goffin's and
Ducorp's nestlings exposed to the
virus at less than three weeks of age
developed abnormal feathers. These
birds showed transient signs of a sys­
temic illness, then recovered with sup­
portive care. Older birds and other
cockatoo species remained healthy,
although nearly all of them became
infected.48 Virus shedding, as deter­
mined by cloacal swab, lasted eight to
10 weeks. Virus could be detected in
the blood consistently until just before
shedding stopped. In this group of
birds, cloacal swabs were not consis­
tently positive and several birds that
were originally cloacal positive
became negative and then positive
again.48

I have documented two cases of
APV disease in nestling cockatoos that
resulted in their deaths. Both birds
were also infected with the PBFDy'47

APV Infection and Disease in Adult
Parrots; the PBFDV Connection
APV readily infects adult parrots.30, 36,

44, 48 Most infections, probably greater
than 99.9% of them, are completely
asymptomatic. These birds become
infected, shed virus for a period of
time, and never look or act ill. APV dis­
ease, however, has been documented
in adult birds.24,25,46,5o,56 So why do these
few adult birds develop APV disease?
The answer in most cases is that they
are immunosuppressed with a concur­
rent infection of PBFDV.24, 25, 48 The
author has documented an outbreak of
APV disease in adult Eclectus Parrots.46

All birds had PBFDV. Disease has also
been identified in adult cockatoos,z4,25,
34,58 again when these birds were test­
ed for PBFDV they have been found to
be positive. I have previously men­
tioned that young adult lovebirds can
die with APV disease. Again, concur­
rent infections with PBFDV may be the
explanation for why. In the author's
experience, on every occasion that
APV outbreaks have occurred in love­
birds, PBFDV could also be found in
the aviary.

PBFDV-infected birds are a com­
mon source for APV in an aviary.44
PBFDV-infected birds, like AIDS
patients, have a poorly functioning
immune system. Therefore, if they
become infected with APV they cannot
clear the virus. Some of these birds will
develop full blown APV disease and
die. Most will become persistently
infected. These persistently infected
birds will then shed virus continuously
from their skin and in their feather
dander. This constant virus shedding
contaminates the environment and
makes it likely that it will be tracked
into the nursery.

Are Caiques and Eclectus Parrots
More Susceptible to APV Infection,

Even as Adults, Than Other
Parrots?

One of the first reports of APV dis­
ease in adult birds documented an out­
break where an Eclectus, a Painted
Conure, and three White-bellied
Caiques died.50 These birds clearly had
APV-disease. They were not, however,
tested for the PBFDV. So we do not
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Which PeR assay is better? The
original discovery that APV could be
detected in the live bird was made by
Dr. Frank Niagro at the University of
Georgia.30 He and his collaborators
found that APV could be detected in
cloacal swabs of unapparently infected
birds. This technology was licensed to
the Research Associate Laboratories
(Drs. Dalhausen and Radabaugh) and
has been offered by them for five
years. During this time, these scientists
have modified and improved this assay
and have discovered that APV DNA
can also be detected in the blood of
birds recently infected with Apy'6

,7

The bottom line is that neither test
will pick up all APV infected birds that
are shedding or will be shedding virus.

the bird was infected over 16 weeks
ago, then it is probably not shedding
virus, unless it is also infected with
PBFDV.

Therefore, with the exception of the
Budgerigar, serology is generally not
very helpful in detecting virus shed­
ding birds. Unfortunately, this test has
been inappropriately used in the past.
The author is aware of people who
have killed or given away their
seropositive birds without understand­
ing that they were not necessarily
shedding virus.

PCRAssayof
Cloacal Swabs and Blood

The polymerase chain reaction, or
PCR, is an assay that has become an
incredibly important tool for the diag­
nosis and control of infectious dis­
eases. This assay takes a low concen­
tration of the APV DNA and amplifies
it to a concentration that can be detect­
ed. Therefore, as few a 10 copies of
the virus can be detected if the test is
properly preformed. 3s The sensitivity of
this test is one of its greatest strengths
as well as one of its greatest weak­
nesses. The potential problem with
this assay is that even the smallest con­
tamination of the sample, either at the
collection site or in the laboratory will
result in a negative sample becoming
positive. Therefore, if one is testing
multiple birds, it becomes very easy to
get the sample from a negative bird
contaminated with the feather dust or
dried feces from a positive bird.48

to the virus.14• 38, 44, 62 Antibody can be'
detected in the Budgerigar by nine
days after infection, in most other birds
antibody is not present in the blood
until two to three weeks after infec­
tion.37 Antibody concentrations rise
very quickly and by four to six weeks
after infection they reach their peak.48

Antibody to APV can be detected in
the blood for months to many years
after infection depending on the
species.38, 44 Budgerigars maintain an
antibody titer for life.38 Cockatiels prob­
ably only maintain antibody titers for
about six months.44 However, for most
parrot species, antibody can be detect­
ed for at least two to three years fol­
lowing infection and possibly for many
more years.44 Recently, I tested seven
lovebirds, two Eclectus Parrots, one
Ring-necked Parakeet, and one Blue­
fronted Amazon for anti-APV antibod­
ies. All birds were seropositive five
years or more ago and all birds were
still positive with high levels of anti­
body at this testing.

So what does APV serology tell us?
In the Budgerigar, it tells us that the
bird was infected with APV. If the bird
is a young adult it is probably still
shedding virus. If the bird is an older
experienced breeder it is not shedding
virus and most likely will not. A posi­
tive antibody titer in a Cockatiel means
that the Cockatiel has been infected
within the last six months and this bird
may be shedding virus. In other par­
rots, it tells us very little. If the bird has
antibody, then we know that it has
been infected with virus but we do not
know whether the bird is shedding
virus. If the bird was infected recently,
then it probably is shedding virus. If

know if this means that they were nor­
mal birds that have a predilection for
APV disease, or were birds infected
with PBFDV and were immunosup­
pressed. Since that time, the author has
heard of a number of deaths in adult
caiques. However, none of these birds
were tested for PBFDV. Thus, the
answer to this question remains elu­
sive and requires further investigation.
Because PBFDV may not cause histo­
logic evidence of disease, the author
feels that it is essential that when APV
disease occurs in adult birds or in
species where it is not normally a
problem, that they be tested by DNA
probes for the PBFDV.

I have documented numerous
asymptomatic APV infections in adult
Eclectus Parrots. Yet, recently I
became aware of four adult Ecleetus
Parrots, originating from one source,
that died with APV-disease. These
birds were tested negative for PBFDV.
What does this mean? Was this a par­
ticularly hot strain of APV or was there
another factor involved? At this point
we do not know.
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Testing
Currently there are three types of

tests available for detecting APV infec­
tion in birds; serology, examination of
blood for virus DNA, and examination
of cloacal swabs for virus DNA.

Serology
Serology is the examination of the

liquid portion of blood (plasma or
serum) for antibodies that are made
specifically against a virus, bacteria, or
fungus. If a bird is infected with APV
and survives, it will develop antibody
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Table 1

Relative Species Susceptibility to APV Disease:
Psittacine birds

Infrequently Reported with Disease

Highly Susceptible

Macaws

Budgerigars

CaiQues

Cockatiels

Hawk-headed parrot

Disease is Rarely or Never Seen

Cockatoos

Conures

Lovebirds

Lories

Cockatiels

Quaker parrots

Eclectus Parrots

Ring-necked parakeets

Amazon parrots

African Grey Parrots

on the market. The developers of this
vaccine are advocating its use in essen­
tially all parrots, and suggest that if
adequate numbers of birds are vacci­
nated that we can essentially eliminate
APV as a problem.' Not all investiga­
tors, however, share this opinion. IS

While we all share in the desire to con­
trol this terrible virus, I believe that the
widespread and indiscriminate immu­
nization of pet and aviary birds, is
often unnecessary and for the avicul­
turist may not make economic sense.

In somewhat reverse order, consid­
er the follOWing two points. First, if the
vaccine is effective, which birds can it
be expected to protect from infection
and disease.? Secondly, do we have
Significant and substantial data to sug­
gest that the vaccine does work?
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APVimmunization to
protectfrom disease

Adults. If our goal is to prevent
APV disease by immunization, then it
is essential to understand basic APV
biology. As has been discussed,
healthy adult parrots rarely if ever
develop disease. Thus, vaccinating
adult birds to protect them from APV
disease in most cases is unnecessary
(see discussion on caiques and Eclec­
tus Parrots).

Nestlings. It is the nestling that
when infected with APV will die.
Recall, however, that only certain
nestlings of certain species are suscep­
tible to disease. To protect these
nestlings, according to the vaccination
manufacturer, nestlings should be vac­
cinated at five weeks or older and then
again two to three weeks later. I They

The APV Vaccine:
Possibly a Tool, Not a Panacea
In the past two years an APV vac­

cine (Biomune, Lenexa, KS) has been

screens both blood and cloacal sam­
ples from the same bird in the same
reaction. This should be the most sen­
sitive assay of al1.8

It has been said that blood PCR test­
ing of live birds following vaccination
or swabs of tissue in recently vaccinat­
ed birds that die, will detect fragments
of DNA from the vaccine. Recent work
by Drs. Dalhausen and Radabaugh has
shown that viral DNA is never present
in the blood of nestlings vaccinated for
APV. The veterinarian and bird owner
must therefore conclude that if a bird
is blood PCR positive, vaccinated or
not, that it is infected with APV and is
most likely shedding virus.8

On the other hand both tests will pick
up most birds shedding virus. So
which one will you choose to screen
birds? In a recently completed study,
the cloacal virus PCR, blood PCR and
serologic assay were compared.48 Of
all the birds ( > 50) that were exam­
ined with multiple tests, both tests
picked up all but one of the birds that
seroconverted. Not all birds were pos­
itive on both tests each time. In cock­
atoos and conures it was found that
birds stayed consistently positive with
the blood PCR, while several were
intermittently positive on the cloacal
swab. As virus was cleared from the
bird, the blood test became negative
first and the cloacal swab became neg­
ative to two to four weeks later.
Therefore, for these species, I recom­
mend that the blood PCR be used as a
screening tool. If it is positive, the bird
should be retested in two to three
months, if negative, the bird should be
quarantined for four additional weeks
and then will be considered free of
virus shedding.

In macaws, we found that in most
situations both tests were positive.
Virus shedding and viremia stopped
almost simultaneously. In a few rare
occasions, however, the blood PCR
test was negative when the cloacal
swab was positive. Thus in the limited
macaw species examined, a cloacal
swab may be more sensitive than the
blood PCR. In the future, Research
Associates may offer a PCR assay that
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bird actively infected with APV will do
nothing.

Will the APV vaccine protect
against infection and disease?

This is an extremely important
question that has yet to be answered
adequately to my satisfaction. What do
we know? We know that several
experimental vaccines were successful
in inducing a strong antibody response
in previously infected birds. 51, 52, 53

However, in birds that did not have
evidence of a previous infection, the
antibody response to' vaccination was
minimal.52

In another trial, an experimental
vaccine was shown to induce a rela­
tively strong antibody response in anti­
body negative birds.54 It should also be
pointed out, however, that all these
birds were in collections where APV
had been active previously. As has
been discussed, the absence of anti­
body does not rule out the possibility
of previous infection. Thus, many of
these birds could have been previous­
ly infected and the observed response
to the vaccine may have been
anamnestic and not primary.

Recently, another study has been
published reporting the ability of vac­
cine to induce an antibody response in
birds. In this study, greater than 90% of
the immunized birds seroconverted. A
placebo group, however, was not
included in this study, so it was not
proved to my satisfaction that all of the
birds that seroconverted were
responding to the vaccine, instead of
mounting an immune response to a
natural APV infection. The design of
this study was also very odd in that all
immunized birds were greater than 14
weeks old.56

Because of the questions that I had
with the above studies, I have under­
taken my own study of the APV vac­
cine. Three groups of birds were immu­
nized; seropositive adult birds, seroneg­
ative adult birds, and Five-week-old
nestlings. The results are as follows:

1. The vaccine had little or no
influence on antibody titers in seropos­
itive birds.

2. Adult birds responded to the
vaccine by producing antibody. The
antibody titers were significantly lower
than those seen in natural infections.

Immunization to
protectfrom infection

In adult birds and many nestlings,
APV infection is asymptomatic. Yet
these asymptomatically infected birds
shed virus and can cause the virus to
spread into the aviary and the nursery.
Therefore, birds that are taken off your
property, exposed to other birds, and
then returned to the property, may ben­
efit from the APV vaccine. To properly
protect them, they must be vaccinated
twice, beginning at least four weeks
before exposure to other birds. Bird
marts, bird shows, and bird club meet­
ings are all potential venues for APV
transmission to occur. Remember, a
bird shedding polyomavirus may look
completely healthy.

Immunization ofcurrently infected
orpreviously infected birds

Early in our understanding of APV,
it was suggested that birds that were
shedding virus were incapable of
mounting an appropriate immune
response. 30 It was then suggested that
immunization would cause these birds
to stop shedding virus. Today we
know differently. All the evidence
shows that once infected with APV,
birds rapidly produce high concentra­
tions of antibody.'8 Thus, immunizing a

ferred to the egg but does not reach
the chicks circulation.40

We do not know if other parrots
transfer antibody to their chicks
through the egg. If they do, several
points need to be considered. First,
antibody concentrations in adult blood
have to be high enough to result in a
significant concentrations of antibody
being incorporated into the yolk.
Therefore, adult birds would have to
be immunized close to the onset of
breeding season every year. Any dis­
ruption of breeding birds at this time
can be expected to have some nega­
tive consequences.

A second point that needs to be
considered is that we do not know if
antibody alone will protect from infec­
tion. However, if we assume that it
does and antibody is transferred to the
chick through the egg, then the APV
vaccine may conceivably protect
chicks for approximately five weeks
after hatch.

MICHAEL J. DEE
natural history books
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are said to be protected four weeks
after the flfSt immunization. Thus the
vaccine has the potential to protect
susceptible chicks from infection and
disease in the window of nine to 14
weeks.

A review of Figure 1 demonstrates
that we cannot immunized conures at
an early enough age to protect them.
The same is also true for most macaw
and Eclectus chicks. Therefore, APV
immunization cannot protect most
nestlings from infection and death if
they are exposed to the virus before
the age of nine weeks. For macaws
and Eclectus Parrots raised in a virus­
free environment, then moved to a
high risk environment at nine weeks of
age, immunization, if truly efficacious
may provide them with protection
against infection.

The question then arises, can we
immunize adult birds so that they will
pass on antibody through the egg yolk
and protect their young from infection?
This is a valid and important question
that does not have a complete answer.
In the Budgerigar, antibody positive
parents still have young that develop
disease. It has been shown, in this
species of parrot, that antibody is trans-
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3. Nestling birds immunized at
five and seven weeks of age did not
develop neutralizing antibody.

What does this mean? My conclu­
sions are that in adult birds with a sub­
stantial antibody titer, that immuniza­
tion is not beneficial.18a This is consis­
tent with data on other vaccines in
other animals. Immunizing an adult
bird with a low antibody titer may be
beneficial, but I was unable to find
these birds for my study. Immunizing
naive adult birds does induce an anti­
body titer, but the induced antibody
titer is relatively low as compared to
that of a natural infection. Is the anti­
body titer achieved by the vaccine suf­
ficient to protect from infection? We do
not know. What we do know is that,
in dogs, protection against the canine
distemper virus and the canine
parovirus require that serum antibody
must reach a certain concentration.18a

Experimental infection trials in adult
birds using the natural route of infec­
tion will be necessary to prove that the
vaccine is truly effective.

To protect against a virus infection
the body uses both antibody and T
cells. Depending on the vaccine, the
humoral (antibody mediated) and/or T
cell immune response can be induced.
Most killed vaccines, however, only
induce a humoral immune response.
We have shown that several species of
nestling parrots do not produce anti­
body when vaccinated at five and
seven weeks of age. Does this mean
that the vaccine does not work? Again,
the answer is that I do not know. It is
possible that it may induce a T cell
response. However, until better studies
are done, we must err on the side of
caution and assume that it does not. At
this point in time, I do not believe that
we have sufficient evidence to believe
that nestlings immunized at this age
are protected by the vaccine.

Disease Prevention
The Nonbudgerigar Aviary

Each aviary will be unique in its
composition of birds and manage­
ment. But disease prevention will
always depend on a balance of testing,

the use of quarantine, and common
sense management techniques.

1. In aviaries where the larger
parrot species are being raised. The
aviculturist should be encouraged not
to keep and breed Budgerigars, love­
birds, and Cockatiels. If these species
are to be kept, each of these birds
should be tested for APY infection.
Budgerigars can be tested by serology,
lovebirds and Cockatiels by blood PCR.

2. Aviculturists should be strong­
ly encouraged to raise only their own
babies and not bring babies from other
sources onto their property.

3. Ideally, birds should not be
moved off the aviary, exposed to other
birds, and returned to the aviary. If this
is going to be done, then the returning
birds must be quarantined and tested.

4. If birds are going to be moved
out of and then back into the aviary.
They must be 18 weeks old or older
and vaccinated twice - at four weeks
and two weeks before they leave the
aviary.

5. Traffic control in the aviary
should be such that APY has a limited

FI,',' CII.lip!.! \\.II!.lbk CIi!. \\Iil,'. PI Em.1I1.
::7C1:, \1.111; SII,',·!. ehu!.1 \'1'1,1. ('.1 91911

Td thl'll -ix-i "'ilill 1.111.111 I~llnc'kll«' .Illi ':lllll
1.1\ 11,1'lt·DI·I·CI,

TX-7
Incubator

• Preferred and Used by Tens of
Thousands of Bird Breeders,
Schools and Hobbyists World
Wide

• Total Visibility Polycarbonate
Dome

• Improved Turner Power Motor
• Solid State Temperature Control
• Unique Humidity Control
• Adjustments Can Be Performed

Without Opening The Incubator
• Highly Reliable Mercury

Thermometers

AICU
Intensive Care Unit

• Hospital Unit for III or Injured
Birds

• Nursery Unit to Hand Raise
Young Birds

• Large LED Temperature/
Humidity Read Out

• Veterinarian Designed and Tested
• Audio and Visual Alarm
• Provides Safety and Security
• Easy to Clean and Sanitize
• Filtered Air
• Nebulizer Adaptable

We also carry a complete line of reptile
products including scales, digital
thermometers, candlers, heating

mats, and more!

iI~.

RX-2
Exotic Bird Breeders
Favorite Incubator

• Solid State Temperature Control
• Preferred By Top Breeders

Around The World
• Unparalleled visibility with

Impact Resistant Polycarbonate
Domes

• Whisper Quiet Fan Motor
• Improved Turner Power
• Unique "Wall of Air" Design on

All Four Outside Walls

the afa WATCHBIRD 35



• •Vetennanans
Commercial Members

Faith Drumheller, DVM
Opp Veterinary Hospital, AL, 334-493-6687

Bobbie Faust, DVM
Faust Animal Hospital, Al, 602-482-2191

Ross Babcock, DVM
Palo Verde Animal Hospital, Al, 602-944-9661

Hillary Frank, DVM,
North Central Animal Hospital, Al, 602-395-9773

Edvardo Acosta, DVM
Sunset Cliffs Animal Clinic, CA, 619-224-0773

Laura Becker, DVM
Four Comers Veterimlly Hospital, CA, 510-685-0512

Alan Fudge, DVM
Avian Medical Center of Sacramento, CA

916-727-2663
Brian Speer, DVM

Oakley Veterinary &Bird Hospital, CA, 510-625-1878
Robert Stonebreaker, DVM

Del Mar Vet Hospital, CA, 619-755-9351
Charles Wraith, DVM

Parkway Animal Hospital, CA, 510-828-0455

Rhoda Stevenson, DVM
Exotic Bird Hospital, FL, 904-268-0204

Suzanne Topor, DVM
Livingston Animal &Avian Clinic, FL, 813-979-1955

Kitty Remington, DVM
Animalhouse Vet Services, GA, 912-243-0380

Drs. Nye, Ness, McDonald, Mori, DVMs
Midwest Bird &Exotic Hospital, IL, 708-344-8166

William Boyd, DVM
Pulaski Veterinary Clinic, MD, 410-686-6310

Wendt Emerson, DVM
Mobile Veterinary Services, MA, 978-887-3836

William Sager, DVM
Littleton Animal Hospital, MA, 508-486-3101

Patricia Hildalgo, DVM
Amory Animal Hospital, MS, 601-256-3548

David Kersting, DVM
Bird Medicine & Surgery, MO, 314-469·6661

Dean Cerf, DVM
Ridgewood Veterinary Hospital, NJ, 201-447·6000

Woodbridge VeterimIJY Group, NJ, 908-636-5520

J.C. Adsit, DVM, NY, 518-463·0600

Bob Dalhausen, DVM, MS
Research Associates Laboratory, OH, 513-248-4700

Donn Griffith, DVM
Exotic Animal Consultants & Bird Hospital, OH

614-889-2556
William Mandel, DVM

Mandel Veterinary Hospital,OH, 440-516-1000
Wallace Wendt, DVM

Drs. Roberts &Wendt Animal Hospital, OH
216-521-0533

Linda Wiley, DVM
Metropet Animal Hospital, OH, 219-826·1520

Bruce Puchat, DVM
Pleasant Valley Animal Hospital, PA, 610-346·7854

Lee Simpson, DVM
Kutztown Animal Hospital, PA, 610-683-5353

Drs. Adoue, Tabone, Hays, & Eaton, DVMs
Desoto Animal Hospital, TX, 927-223-4840

James F. Gaines, DVM, Chantilly, VA

36 September/October 1998

chance of movement from adult birds
to nestlings.

6. All new birds entering the
aviary must be quarantined and tested
for APV by PCR before they are put in
with the breeding birds. Appropriate
species should also be tested for
PBFDY.

Should all adult birds on the aviary
be immunized? This is an important
and difficult question. In the author's
experience, if APV has previously
been present in the aviary, most adult
birds (60-90%) will have been previ­
ously infected and are naturally
immune.38 44 48 Immunization of these
birds would be of little benefit. If APV
has not been present in the aviary,
then an immunization program might
be of benefit if the aviary is at high risk
for exposure.

Should all adult birds in the aviary
be tested for APV infection? In an ideal
situation where money was not a fac­
tor, the answer would be yes. In addi­
tion, appropriate species should also
be tested for PBFDY. PBFDV infected
birds will shed both PBFDV and APV
continually.41 Thus, testing for PBFDV
in the appropriate species will elimi­
nate both the threat of PBFDV and
reduce the threat of APV.

In general, virus shedding in birds
other than Budgerigars and Cockatiels
lasts less than 12 weeks. Unfortunately,
some very rare individuals may shed
virus for longer periods oftime.6

•
44 This

author has identified a pair of Nanday
Conures and two Bourke's Parakeets
that were found shedding virus on
three cloacal samples six months
apart.44 If long-term virus shedding is
an actual phenomenon, even in an
extremely small percentage of infected
birds, testing of all birds or careful
nursery management will be essential
in preventing nestling exposure.

Another management tool that may
prevent APV disease in the nursery
would be to pull all eggs from the
adults and incubator hatch them. As
has been discussed before, this author
feels that egg transmission is either rare
or nonexistent.

Preventing APV Infection and
Disease in Budgerigar Aviaries

1. Make sure that APV is not

already present. Select a representative
number of birds in the collection and
have them tested by serology for evi­
dence of infection.

2. All budgerigars entering the
aviary should be seronegative.

3. Carefully restrict all movement
of birds on and off the property.

a. If the aviary is a commercial
aviary, dealers, feed sales persons,
delivery trucks, and other bird breed­
ers should be banned from the aviary
entirely. Young birds taken to the bird
dealer and rejected should not be
returned to the aViary.

b. If the aviary is primarily
breeding show Budgerigars, then all
birds going to the show should be quar­
antined until the end of the show sea­
son and tested by serology before they
are returned to the breeding colony.

c. A modified-live vaccine
may be available sometime in the
future for budgerigars.55 This vaccine
may prove useful for show Budgeri­
gars. Show birds would need to be
immunized at least a month before the
show season was to begin. Until the
value of this vaccine is proved, these
birds should be tested by cloacal swab
or blood PCR before returned to the
collection.

d. The potential use of a mod­
ified live vaccine in a commercial
flock has been suggested, but its actu­
al value will need to be proved.
ImmuniZing thousands of birds will be
labor intensive and potentially very
expensive. Again, it will only benefit
aviaries that are initially free of the dis­
ease and not infected birds.

Preventing APVDisease
in the Pet Store

The pet store is one of the most
common places where APV outbreaks
occur. Most pet stores get their birds
from multiple sources, they sell
Budgerigars, lovebirds, and Cock­
atiels, the three species that are most
likely to be shedding virus, and many
stores will acquire susceptible species
when they are still nestlings. To avoid
disease, pet stores can use several
strategies.

1. The easiest and best method
for preventing APV disease in the pet
store is to buy only weaned nestlings.



1. Exposure at bird shows, sales, and fairs.

4. Psittacine Beak and Feather Virus infected birds on the premises.

6. Birds of susceptible ages in pet stores.

2. Movement of birds in and out of the aviary.

psittacine birds. Several species of
passerines have been documented to
have classical APY disease. ll • 12, 13. 19, 21. 27, 63

In the .author's experience, flocks of
Gouldian Finches are perhaps at great­
est risk. Again in the author's experi­
ence, mortality is limited to nestling
and young adult finches during one
breeding season, but is not seen again
in the following year. Surviving birds
have moderate levels of antibody that
will neutralize a lovebird derived APY.
APY DNA was detected in the tissues
of one finch with PCR primers derived
from the psittacine APY sequence, sug­
gesting that this bird was infected with
a psittacine variant. However, other
studies suggest that another significant­
ly different virus may also infect
passerines.

Recently, a Green Aracari has been
documented with .APY disease.
Sequence analysis of this virus suggests
that it was a psittacine APY that for
some unknown reason crossed over
into an aberrant host. As the bird's mate
never developed evidence of infection,
it was postulated that the infected bird
may have been immunosuppressed.23

It is extremely disturbing, that APY
has recently been documented in
chickens in Europe60 and the United
States.16 How this virus has reached
these populations is not known. This
author, however, was provided with
sections of a house sparrow Passer
domesticus from Maryland.41 This bird
had characteristic lesions of APY dis­
ease, raising the possibility of APY
infection in wild birds.

8. Failure to test new birds brought into the aviary.

7. Failure to quarantine new birds or inappropriate quarantine procedures.

5. Chicks from various sources being raised in the same nursery.

3. Mixed collections of birds. Especially those containing lovebirds, budgerigars,
and cockatiels.

close inspection of the aviary must be
done. Possible sources of the virus
need to be identified and tested or
eliminated from the aviary. Extensive
cleaning and disinfection of the nurs­
ery will also have to be done. In
aviaries where the underlying source
of disease has been eliminated, subse­
quent breeding seasons can be free of
the disease.

APV Infection and Disease in
Non-psittacine Birds

There is no doubt that one or more
avian polyomaviruses can infect non-

Control ofAPV
in Budgerigar Aviaries

The cycle of infection and disease
in the Budgerigar aviary is maintained
by virus shedding of young adult birds
and nestlings.35 The shed virus conta­
minates the environment and young
birds are probably infected as soon as
they hatch. To break the cycle, breed­
ing should be stopped, the young
birds removed from the aviary, and the
experienced adult birds moved to a
clean environment. After several
months, if the facility is adequately dis­
infected, the established breeders can
be put to work again.42

It is important to note that disinfect­
ing a small bam, shed, or other wood­
en structure and wooden nest boxes is
difficult at best. The use of formalde­
hyde gas may be necessary. This type
of disinfection must only be done by
someone with extensive experience
with this highly toxic agent.

------------ Table 2 -------------

Risk Factors Associated With APV Outbreaks

Control of APV Outbreaks
Control in the
Nonbudgerigar Aviary

In most cases, once APY IS 1Otro­
duced to a nursery it spreads rapidly,
so that by the time the first case is rec­
ognized most of the nestlings are
already infected. This concept is
important for two reasons. First, vacci­
nation at this point will do no good.
Second, testing during the outbreak
will only prove that the virus is widely
disseminated. To save money, in most
cases, the aviculturist should be
encouraged to reserve testing to deter­
mine when shedding is stopped and
the chicks can be sold.

Little can be done to keep exposed
chicks from disease. However, efforts
should be made to improve hygiene,
spread out birds, use individual
syringes for handfeeding individual
chicks. The most important element in
the control of APY outbreaks is to stop
bringing babies into the nursery.
Chicks can be left in the nest to be
raised by the parents or pulled and
sent to another facility to be raised. It
remains unclear why, but parent-raised
chicks (excepting lovebirds and
Budgerigars) are not reported to devel­
op APY disease. Surviving chicks will
shed virus for eight to 14 weeks, rarely
as long as 16 weeks. All chicks should
be found negative by blood PCR and
then held for an additional two weeks
before being sold.

After the outbreak has stopped, a

These birds will be old enough that if
infected with APY they will not devel­
op disease.

2. If unweaned nestlings are to
be purchased, they should be raised
outside of the store until weaned.

3. If nestlings must be in the
store, they should be separated from
all other birds, and a person designat­
ed to take care of them and no other
birds. The public should not be
allowed to handle these birds.

4. Early immunization of
nestlings (at five and seven weeks) did
not induce an antibody titer in birds
immunized by this author. Therefore,
we should be very cautious and not
assume nestlings vaccinated at this
young age are protected from APY
infection.
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Conclusions
The avian polyomavirus is a single

virus with a broad host range. Its abil­
ity to infect and cause disease in birds
is dependent on the age of the bird,
the species of the bird, the immune
status of the bird, and other poorly
understood factors. It is first necessary
to understand the complex biology of
this virus before the practitioner or the
aviculturist can begin to choose the
appropriate strategies to control it.

It is hoped that this article will result
in an open and frank discourse about
what we know and do not know about
the control of APY. None of us knows
all there is to know about APV and new
fmdings will undoubtedly modify our
understanding of it. It is therefore essen­
tial that all views in the discussion of
this virus and disease be heard and that
all possibilities be considered.

References
1. Anonymous: Avian polyomavirus vaccine.

Product information. Biomune Co.
Lenexa, KS, 1997

2. Bernier G, Morin M, Marsolais G. A gener­
alized inclusion body disease in the
budgerigar (Melopsittacus undulatus)
caused by a papovavirus-like agent.
Avian Dis 1981 ;25: 1083-1092.

3. Bernier G, Morin M, Marsolais G:
Papovavirus induced feather abnor­
malities and skin lesions in the
budgerigar: clinical and pathological
findings. Can Vet] 25:307-310, 1984

4. Bozeman LH, Davis RB, Gaudry 0, et al:
Characterization of a papovavirus iso­
lated from fledgling budgerigars.
Avian Dis 25:972-980, 1981.

5. Clubb SL, Davis RB. Outbreak of a papova­
like viral infection in a psittacine nurs­
ery - a retrospective view. Proc Ann
Conf Assoc Avian Vet,1984, pp 121-129.

6. Dalhausen B, Radabaugh CS: Improved
detection and management of avian
Polyomavirus infection in psittacine
birds. Proc Assoc Avian Vet,
Tampa,1996, pp 291-298.

7. Dalhausen B, Radabaugh CS: Molecular
based diagnostics: New insights into
PBFD and avian polyomavirus. Proc
Assoc Avian Vet, Reno, 1997, pp 199­
207.

8. Dalhausen B, Radabaugh cs: Personal
communication.1997.

9. Davis RB, Bozeman LH, Gaudry 0, et al. A
viral disease of fledgling budgerigars.
Avian Dis 1981 ;25:179-183.

10. Davis RB: Budgerigar fledgling disease
(BFD), Proc 32nd Western Poultry Dis
Conf, Davis, 1983, pp 104.

11. Forshaw 0, Wyle SL, Pass DA: Infection
with a virus resembling papovavirus
in Gouldian finches. Aust Vet] 65:26­
28, 1988.

12. Garcia A, Latimer KS, Niagro FD et al: Avian
polyomavirus infection in three black­
bellied seedcrackers (Pyrenestes ostri­
nus)] Assoc of Avian Vet 7:79-82, 1993.

Cockatoos • African Greys • Caiques

Senegals 4~Ringnecks
Red Bellieds I .... ~ Suns

Mitreds • Jendays
1l rI

BABY BIRDS

(602) 812-1691
Kevin and Diane Goodman

SELECT BREEDERS
PROVEN AND BONDED PAIRS

ECLECTUS· UMBRELLA COCKATOO
ROSE BREASTED COCKATOO· MACAWS
~ EIGHT PAIRS
..~ MAKE AN OFFER

Out Of The Blue Locust Valley, NY
Aviaries (516) 676-1901

FANTASTIC FEATHERS
Breeders of top quality exotic birds.

AFRICANS . AUSTRALIANS
SOUTH AMERICANS . BABYS . BREEDERS

PAIRS . SINGLES
No pickers· No hybrids

All babies clean and banded.
Call or fax for price list.
VISIT OUR BIRD SHOP AT

7430 South U.S. 1, Port Saint Lucie, FL
call (561) 340-1211 . fax (561) 340-2271

GOODMAN'S AVIARY

Specializing in rare mutations,
and lovable, healthy, handfed babies.

Eric Antheunisse

CEDARmLL
BIRD

ENTERPRISES
More than 70 .iIik'·~·
species of birds . ... .
30 types of Conures, 8 types of Cockatoos

Macaws, Amazons & much more!
(707) 578-3976

3442 Primrose Ave., Santa Rosa, CA 95407

38 September/October 1998



Natures Perfect Multi-Vitamin

Send check or money order payable to:
Hawaiian Zoological Products

2542 Date St. Suite 1504 Honolulu, HI 96826
Retail, Wholesale or Distributor call:

(808) 239-9573 FAX (808) 949-4573

VITA • HEALTH™
SPIRULINA

Sprinkle over food or blend into hand-feeding formula.

VITA· HEALTH is the product that will make a difference
in your birds life!

SPIRULINA
45 gm. $5.95

100 gm. (3.5 oz.) $9.95
1 lb. $29.95

5 lb. BULK $99
10 lb. BULK $179

WHEAT GRASS
lib. $29.95

10 lb. BULK $149
(add $2.00 SHIPPING)

56. Ritchie BW, Latimer KS, Leonard ], et al:
Safety, immunigenicity, and efficacy
of an inactivated avian polyomavirus
vaccine. Am] Vet Res 1998;59: 143­
148.

57. Rott 0, Kroger M, Muller HL, Hobom G:
The genome of budgerigar fledgling
disease virus, an avian polyomavirus.
Virology 165:74-86,1988.

58. Schmidt RE. et al. Morphologic identifica­
tion of papovavirus in a moluccan
cockatoo (Cacatua moluccensis) with
neurologic signs. Assoc Avian Vet
Today 1987;1 :lO7-108.

59. Sironi G, Rampin T: Papovavirus like
splenohepatic infection in green
finches (Carduelis chloris). Clin
Vet.1lO:79-82, 1987.

60. Stoll R, Luo D, Kouwehoven B, et al:
Molecular and biological characteris­
tics of avian polyomaviruses: isolates
from different species of birds indi­
cate that avian polyomaviruses form a
distinct subgenus within the poly­
omavirus genus. ] Gen Viol 74: 229­
237,1993.

61. Sztojkov V, Saghy E, Meder M, et al: A hul­
lamos papagaj (Melopsittacus undula­
tus) papovavirus okozta meg­
betegedesenek hazai megallapsitasa.
Magy Allatorv Lapja 40:59-63, 1985.

62. Wainwright PO, Lukert PD, Davis RD,
Villegas P. Serologic evaluation of
Psittaciformes for budgerigar fledg­
ling disease virus. Avian Dis 1987;31
:673-676.

63. Woods L: Case report: papova-like virus in
a painted finch. Proc Ann Conf Assoc
Avian Vet, Seattle, 1989, pp 218-219. .,.,..

VITA-HEALTH'S superior nutritional profile and
quality, which is second-to-none, makes
VITA-HEALTH the professionals choice. Used
by zoos, breeding facilities, and veterinarians.
Safe and 100% natural. Boosts plumage, strengthens
immune system & increases fertility.

State-Of-The-Art-Technology
• Patented Ocean-chilled Drying with near zero

oxygen levels.
• Internationally recognized ISO: 9002 standards.
• Oxygen barrier packaging.

Phalen DN, Dalhausen B, Radabaugh CS,
Styles D: Antibody response and
duration of viremia and cloacal virus
in psittacine birds naturally infected
with avian polyomavirus. Manuscript
in preparation.

Randall C), Less S, Inglis DM: Papovavirus­
like infection in budgerigars
(Melopsittacus undulatus). Avian Path
16:623-633, 1987.

Ritchie BW, Niagro FD, Latimer KS, et al.
Polyomavirus infections in adult
psittacine birds. ] Assoc Avian Vet
1991;5 :202-206.

Ritchie BW, Niagro FD, Latimer KS, et al: A
polyomavirus overview and evalua­
tion of an experimental polyomavirus
vaccine. Proc Assoc Avian Vet, New
Orleans, 1992, pp 1-4.

Ritchie BW, Niagro FD, Latimer KS, et al:
Antibody response and local reac­
tions to adjuvanted avian poly­
omavirus vaccine in psittacine birds.]
Assoc Avian Vet 8:21 -26, 1994.

Ritchie BW, Latimer KS, Lukert PD, et al:
Prevention of avian polyomavirus
infections through vaccination. Proc
Assoc Avian Vet, Philadfjphia,1995,
pp 3-11. '

Ritchie BW, Niagro FD, Latimer KS, et al:
An inactivated avian polyomavirus
vaccine is safe and immunogenic in
various Psttaciformes. Vaccine 1996;
14:1103-1107.

Ritchie BW, Latimer KS, Pesti D, et al:
Vaccination to control polyomavirus
in budgerigars. Proc Assoc Avian Vet,
Reno, 1997, pp 237-245.

48.

52.

49

51.

50.

54.

53.

55.

Niagro FD, Ritchie BW, Lukert PD, et al:
Avian polyomavirus: discordance
between neutralizing antibody titers
and viral shedding in an aviary. Proc
Assoc Avian Vet 1991 ;22-26.

Pascucci S, Maestrini N, Misciattelli N,
Giovannetti L: Malattia da virus papo­
vasimile nel papagilino ondulato
(Melopsittacus undulatus). Clin Vet
(Milan) 106:38-41, 1983.

Pass DA: A papova-like virus infection of
lovebirds (Agapornis sp.). Aust Vet J
1985;62:318-319.

Pass DA, Prus SE, Riddell C: A papova-like
virus infection of splendid parakeets
(Neophema splendida). Avian Dis
1987;31 :680-684.

Phalen DN, Wilson VG, Graham DL:
Epidemiology and diagnosis of avian
polyomavirus infection. Proc Assoc
Avian Vet, Chicago, 1991, pp 27-31.

Phalen DN, Wilson VG, Graham DL.
Polymerase chain reaction assay for
avian polyomavirus. J Clin Micro 1991
;29: lO30-lO37.

Phalen DN, Wilson VG, Graham DL. Avian
polyomavirus infection and disease: a
complex phenomenon. Proc Assoc
Avian Vet 1992;5-lO.

Phalen DN, Wilson VG, Graham DL. Avian
polyomavirus biology and its clinical
applications. Proc Eur Conf Avian
Med & Surg 1993;200-216.

Phalen DN, Wilson VG, Graham DL. Organ
distribution of avian polyomavirus
DNA and virus-neutralizing antibody
titers in healthy adult budgerigars.
Am] Vet Res 1993; 54:2040-2047.

Phalen DN, Wilson VG, Graham DL: A prac­
titioner's guide to avian polyomavirus
testing and disease. Proc Assoc Avian
Vet, Reno, 1994, pp 251 -258.

Phalen DN, Wison VG, Graham DL: Failure
of maternally derived yolk IgG to
reach detectable concentrations in the
sera of nestling budgerigars
(Melopsittacus undulatus). Avian Dis
1995;39:700-708.

Phalen DN: Unpublished observation.
Phalen DN, Wilson VG, Graham DL:

Production of avian polyomavirus
seronegative budgerigars
(Melopsittacus undulatus) from
seropositive adults. Avian Dis 1995
;39: 897-899.

Phalen DN, Wilson VG, Graham DL.
Characterization of the avian poly­
omavirusassociated immune complex
glomerulopathy. Avian Dis
1996;40:140-149.

Phalen DN, Wilson VG, Graham DL.
Prevalence of neutralizing antibody
and virus shedding in avian poly­
omavirus infected parrots. J Avian
Med Surg 1997;11 :98-lO4.

Phalen DN, Wilson VG, Derr ], et al:
Genetic diversity in 20 variants of the
avian polyomavirus. Submitted:
General ]ournal of Virology.

Phalen DN, Wilson VG, Graham DL: Avian
polyomavirus disease in adult eclec­
tus parrots infected with the
psittacine beak and feather virus.
Manuscript in preparation.

Phalen DN, Wigle W, Lafferty S, Wilson,
VG: Traditional and atypical avian
polyomavirus disease in two cocka­
toos simultaneously infected with the
psittacine beak and feather disease
virus. Manuscript in preparation.

32.

30.

35.

34.

31.

33.

47.

45.

43

36

37.

40.

41.
42.

44.

46.

38.

39.

the afa WATCHBIRD 39


