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Avian Pox

Charles van Riper Il and Don Forrester

INTRODUCTION

Avian pox, a viral disease of birds, is caused by one of
the larger viruses of the poxvirus group. This rela-
tively slow-developing disease is characterized in
birds by discrete, proliferative lesions on the skin of
the toes, legs, or head, and/or mucous membranes of
the mouth and upper respiratory tract. Systemic infec-
tions may also occur (Tripathy and Reed 2003). It is
comparable to the pox infections of wild mammals
(see Robinson and Kerr 2001), of domestic mammals
(for example, sheep sore-mouth, swine poxes; see Tri-
pathy et al. 1981), and those of man (smallpox). This
subgroup of avipoxviruses contains a number of
species and strains that vary in their pathogenicity and
host specificity.

This widespread avian disease has been found in a
large number of bird families, with some (for exam-
ple, Phasianidae, Emberizidae) seeming more suscep-
tible than others. In most birds avian pox infections
are mild and rarely result in death. However, when
lesions are on the eyelids or mucous membranes of the
oral and/or respiratory cavities, mortality can be high.
Those avian populations that have been isolated on
islands (for example, Canary Islands, Hawaiian island
chain, Galapagos Islands) are more greatly impacted
than are birds in continental situations where the hosts,
vectors, and viruses have had a longer co-evolutionary
history (Vargas 1987; van Riper et al. 2002).

As with many other diseases that are density
dependent, avian pox transmission is enhanced with
increasing vector and/or host densities. Therefore, this
disease is found to have a greater significance in cap-
tive situations such as zoos (Fowler 1981), bird reha-
bilitation centers (Wheeldon et al. 1985), and game
farms (Karstad 1965), where birds occur in much
higher densities than in the wild. In the wild, the
warmer and mesic regions of the world support more
potential vectors, thus in these areas the prevalence of
avian pox is higher, particularly in flocking wild birds
(Annuar et al. 1983; Forrester 1991).
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SYNONYMS

Avian pox, pox, bird pox, poxvirus infection, fowl
pox, avian diptheria, contagious epithelioma, mollus-
cum contagiosum, Gefluegelpocken (German), viru-
ela aviar (Spanish), variole aviaire (French), bouba
(Portuguese).

HISTORY

Avian pox infections were among the earliest described
avian diseases (for example, Heusinger 1844) because
of the ease in identification of the obvious external
lesions. Bollinger (1873) and Borrel (1904) were the
first to demonstrate a relationship between histologic
lesions and structure of inclusion bodies, setting the
stage for histopathologic techniques being employed
to confirm visual diagnoses. Evidence that avian
poxvirus was associated with the inclusion bodies and
was the etiological agent was conclusively demon-
strated by Woodruff and Goodpasture (1930).

During the mid-twentieth century, pox virus identifi-
cation focused on virus culture on the ectodermal
chorioallantoic membrane (CAM) of embryonated
chicken eggs (Cunningham 1966) and remains today
one of the identification tools of choice. Later during
the 1950s, electron microscopy gained importance as a
diagnostic tool. Today, identification of avian pox
strains has moved into the molecular arena, with the
use of Gel-electrophoresis and PCR (Polymerase chain
reaction) analyses of mitochondrial DNA sequences
(Schnitzlein et al. 1988).

The literature on avian pox in wild birds was sum-
marized by Kirmse (1967a), Karstad (1971), and then
Bolte et al. (1999). Over the past half-century, the
majority of scientific papers on avian pox infections in
wild birds have come from case reports of usually
singly infected individuals (for example, Simpson
et al. 1975; Fitzner et al. 1985). There have been a
smaller number of studies (for example, Davidson
et al. 1980; Tikasingh et al. 1982; McClure 1989; For-
rester 1991, 1992; van Riper et al. 2002; Atkinson
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et al. 2005, Smits et al. 2005) directed toward questions
at the overall host and community population levels.
The more recent work on avian pox has focused on
areas of molecular structure within wild bird strains
when compared to fowlpox virus (for example, Tripa-
thy et al. 2000; Tripathy and Reed 2003), the influence
of avian pox on House Finch (Carpodacus mexicanus)
plumage coloration (for example, Zahn and Rothstein,
1999), and the continued impact on native island birds
(Medina et al. 2004; Atkinson et al. 2005).

DISTRIBUTION

The geographic distribution of avian poxviruses is
worldwide, with the exception that there are no pub-
lished records from wild birds with this disease in the
Arctic or Antarctic, or some of the more remote
regions of the world (Figure 6.1). Published informa-
tion is greatly skewed geographically to those locali-
ties where scientists have been actively working on
this disease (for example, North America, Australia,
Europe, Asia), thus the few existing published reports
from wild birds throughout much of Africa and South
America. The current state of our knowledge on avian
pox in wild bird populations generally reveals a higher
prevalence in temperate and warmer areas of the globe.

Even within continents, avian pox distributions
tend to be confined to localized regions. For example,
Forrester (1991) examined the distribution of avian
pox in Wild Turkeys (Meleagris gallopavo) over
North America and found the disease concentrated in

the moister and warmer southeastern United States,
even though Wild Turkeys occur in every state except
Alaska. Where avian pox has been introduced to
remote islands (for example, Hawaii, Galapagos,
Canary Islands), the disease rapidly spreads, resulting
in much higher prevalences in the native avifauna than
occurs among the introduced avian species (Warner
1968; Vargas 1987; VanderWerf 2001; van Riper et al.
2002; Atkinson et al. 2005, Smits et al. 2005).

HOST RANGE

There are now recognized approximately 183 families
and 9,800 species of birds (Clements 2000). Most
avian species, if adequately exposed, are susceptible to
one or more of the avian poxvirus strains and/or
species. Kirmse (1967a) reported naturally occurring
avian pox infections in 60 species of wild birds, com-
prising 20 families. Bolte et al. (1999) has provided
a more recent update, of which they found about
20 orders recorded with Avipoxvirus infections. We
have found records of poxvirus infections in 278 bird
species from 70 families and 20 orders (see Table 6.1,
at the end of this chapter). It is interesting that avian
pox has never been reported from the Tinamous
(Tinamiformes), Loons (Gaviiformes), Nightjars
(Caprimulgiformes), and Kingfishers (Coraciiformes).
It has been only recently that avian pox has been
regularly observed in wild waterfowl (Morton and
Dietrich 1979; Cox 1980), although it has long been
known that domestic ducks and geese are susceptible

Legend
] Avian Pox not Reported

Avian Pox Reported only in Poultry
[ One report of Avian Pox
[ Multiple Reports of Avian Pox

—

Figure 6.1. Distribution of countries throughout the world in which avian pox has been reported in
birds. Those countries with heavy stippling are ones in which avian pox has been reported from
multiple bird families; moderate stippling indicates reporting from a single record; and the absence
of stippling indicates that avian pox has not positively been identified in those countries.
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(Kirmse 1967b). This same pattern holds true for the
Falconiformes, Columbiformes, and Psittaciformes
(Cooper 1978; Hitchner and Clubb 1980; Petrak
1982), where infections are now being reported from
wild birds when, heretofore, earlier cases were
reported only infrequently from captive situations.

ETIOLOGY

Avian pox is caused by viruses of the genus
Avipoxvirus in the family Poxviridae (Murphy et al.
1999). The source and reservoir of avian pox is prima-
rily infected birds but also can be related to viable
viruses present on exfoliated scabs and contaminated
objects (for example, perches) in the environment or
aviary. The virus particle is large, about 150 to 250 nm
by 265 to 350 nm in size, and is oval or brick-shaped
and covered with irregularly spaced surface knobs
(Wilner 1969). Coupar et al. (1990) identified the
genome of the avian poxvirus as composed of a single
double-stranded, 300 Kb DNA molecule. This DNA-
containing, enveloped virus develops in the cytoplasm
of infected avian epithelial cells. Infected cells charac-
teristically contain large acidophilic intracytoplasmic
inclusions (Bollinger bodies). Electron microscopy of

avian pox inclusions reveals viral particles embedded
in a rather homogeneous matrix, typical of poxviruses
in general (Figure 6.2).

Avian poxviruses can withstand extreme environ-
mental conditions, particularly desiccation, some-
times surviving on perches and in dried scabs for
months and years (Tripathy 1993). Much of this can
be attributed to the very large size of the virus. The
virus is resistant to ether, with the pigeonpox virus
being resistant to both chloroform and ether (Tantwai
et al. 1979). Andrews et al. (1978) demonstrated that
the virus can withstand 1% phenol and 1:1,000 forma-
lin for nine days, but that 1% potassium hydroxide or
heating to 50°C for 30 minutes (or 60°C for eight min-
utes) inactivated the virus.

Avian poxviruses have been classified according to
their hosts of origin (Cunningham 1972). Tripathy
(1993) listed 13 recognized species. Based on host
specificity, poxvirus strains have been identified and
classified as mono-, bi-, or tri-pathogenic. A Northern
Flicker (Colaptes auratus) strain is a good example of
a monopathogenic strain because among 19 species of
inoculated wild and domestic birds, only the Northern
Flicker was found susceptible to infection (Kirmse

Figure 6.2. An electron micrograph of avian poxvirus inclusion bodies in an Imperial Eagle (Aquila
heliaca), with some exhibiting the classic “dumbbell”-shaped central core. (Figure published in
Hernandez et al. [2001] and reprinted with permission of the author and Journal of Avian Pathology.)
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1966). More often, avian pox strains are pathogenic
for several species (for example, Tripathy et al. 2000).

Karstad (1971) argued that strains adapted to vari-
ous avian hosts were not different enough to consider
them valid poxvirus species because their basic virus
characteristics appeared to be identical. Utilizing
recent increases in the sophistication of molecular
research, Francki et al. (1991) listed fowlpox, turkey-
poxX, canarypox, pigeonpox, quailpox, sparrowpox,
starlingpox, juncopox, and psittine poxviruses as valid
species. To this species list, Tripathy (1993) added
peacockpox, penguinpox, mynahpox, and albatrosspox
viruses. Even with this extensive list of avian pox
species, the majority of our information on this dis-
ease is the result of studies that have come from
research on fowlpox in domestic poultry, principally
chickens (Gallus gallus).

EPIZOOTIOLOGY

There are a number of biotic and abiotic factors that
affect the distribution and prevalence of avian pox.
Weather (for example, temperature, moisture) condi-
tions (van Riper et al. 2002), vector numbers (Akey
et al. 1981), host densities (Forrester and Spalding
2003), and numbers of poxviruses that are present all
interact in a synergistic fashion to mold the epizootio-
logical framework of avian pox distribution among
bird species and their populations. These four factors
also determine in a large part the character and primary
causes of an avian pox outbreak. The most important
factors influencing avian pox epizootiology are host

density, host susceptibility, and numbers of vectors that
occur within a certain space and time of the environ-
ment (Forrester 1991; van Riper et al. 2002).

Avian pox can occur at any time of the year in wild
birds. In temperate regions, where vectors are not active
during the winter period, infections occur primarily in
the summer (Arnall and Keymer 1975) and early fall
(Tripathy 1993). In warmer regions of the world, avian
pox is reported throughout the entire year, but most
often during fall and winter months. It is at this time
that host densities are highest because young-of-the-
year are present, complemented by the post breeding
flocking behavior of many bird species (van Tyne and
Berger 1976; Pettingill 1985). In addition, those vectors
that are specific to poxvirus transmission are usually
most abundant during the fall and early winter period
(Akey et al. 1981; LaPointe 2000). For example,
McClure (1989) reported avian pox throughout the year
in a population of House Finches from California, but
highest prevalence was during the fall and winter. For-
rester (1991) found fall peaks of infection in Wild
Turkeys from Florida that occurred subsequently to
peak mosquito activities (Figure 6.3). In Hawaii, van
Riper et al. (2002) found fall and early winter peak
infections. In temperate regions of North America, dur-
ing the fall and early winter the cutaneous form of avian
pox is most common, whereas late in the winter the
diphtheritic form predominates (Cunningham 1972).

Poxviruses can be transmitted in a number of differ-
ent ways. Even though they are unable to penetrate
unbroken skin, small abrasions are sufficient to permit

50

Pox in Wild Turkeys
40 in Florida
(1969-1981)
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Percentage of infected birds in each month’s sample

24

30

46
27

MONTH

Figure 6.3. Seasonal occurrence of avian pox in Wild Turkeys from 12 counties in Florida, 1969-1981.
The numbers on top of each bar indicate sample size. (From Forrester [1991] and reprinted with
permission of Bulletin of the Society of vector Ecology.)
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infection. The most common method of transmission is
by means of biting insects such as mosquitoes, mites,
midges, and/or flies. At the time of year when vectors
are at the highest numbers, avian pox transmission is
greatest (Akey et al. 1981; Forrester 1991). Many biting
insects have been shown to be mechanical vectors only,
transferring virus from infected to susceptible birds by
contamination of their skin-piercing mouthparts (Locke
et al. 1965; Shirinov et al. 1972; Akey et al. 1981; Sileo
et al. 1990). Transmission can also occur directly by
contact between infected and susceptible birds or by
contact with contaminated objects, such as bird-feeder
perches (Bleitz 1958; Rosen 1959). Aerosol transmis-
sion, although rare, can occur from viruses being car-
ried along with dust, particularly in confined situations
(that is, aviaries). Burnet (in Kirmse 1967a) found that
lesions developed at sites of minor experimental skin
injury in birds inoculated intravenously.

Susceptibility of the avian host species is a large fac-
tor in the epizootiology of avian pox. In continental
regions, where avian pox and its hosts have had a long
co-evolutionary history, the most commonly reported
(modal) avian pox prevalence of lesions on wild birds is
quite low and varies between 0.5 and 1.5%. In more
susceptible avian hosts, avian pox prevalence can reach
25% (for example, House Finches in California—
[McClure 1989]) and in some populations up to 50% of
the birds supporting active lesions (for example, North-
ern Bobwhites [Colinus virginianus] in Georgia and
Florida; Davidson et al. 1980). Overall, on remote
islands avian pox prevalences tend to be generally
higher (for example, Galapagos 28% [Vargas 1987];
Volcano, Hawaii 35% [van Riper et al. 2002]; Kona,
Hawaii 10% [Atkinson et al. 2005]; New Zealand
>10% [Westerkof 1953]). A recent paper by Medina et
al. (2004) identified the first avian pox case in the

Figure 6.4. Facial avian pox lesions on a young
Laysan Albatross (Diomedea immutabilis). (From
Friend and Franson [1999] with permission of the
U.S. Geological Survey.)

Canary Islands, and this could well be the beginning of
an epizootic for birds of that island (Smits et al. 2005).

CLINICAL SIGNS

Avian pox occurs primarily in two different forms:
(1) the more common skin form, in which discrete,
wart-like, proliferative lesions develop on the skin
(Figures 6.4 and 6.5); and (2) the less common diph-
theritic form in which moist, necrotic lesions develop
on the mucous membranes of the mouth and upper
respiratory tract (Figure 6.6). A third form, systemic
infection, is rarely found in wild birds (Tripathy and
Reed 2003). Lesions are most common on the
unfeathered parts of the body—the legs, feet, eyelids,
base of the beak, and the comb and wattles of gallina-
ceous birds. For example, in Hawaii, van Riper et al.
(2002) demonstrated that most lesions in wild birds
occur on one toe, with half that number on two toes
and the leg. Often the lesions are few in number,
appearing as innocuous warty growths on one or two
toes, at the base of the bill, or on an eyelid. However, a
preponderance of lesions on the eyelids may cause
mortality, as has been reported in granivorous birds,
such as pheasants, quail, and turkeys that have
become unable to see and cannot find food (for exam-
ple, Forrester and Spalding 2003).

In wild birds that have webbed feet, pox lesions
appear along the ramifications of blood vessels in the
foot webs, much like the distribution of leaves on
branches of a tree. Focal epithelial proliferation and later
necrosis and sloughing occur mainly on the plantar sur-
faces of the webs and toes. When fully developed, these
lesions appear as circular pocks, 3 to 5 mm in diameter,
with central areas of necrosis, bordered by zones of ery-
thema. In perching wild birds, lesions start as a swelling
on the toe, leg, or facial region. The swelling appears

Figure 6.5. Avian pox lesions on the feet of a
young Laysan Albatross (Diomedea immutabilis).
(From Friend and Franson [1999] with permission
of the U.S. Geological Survey.)
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Figure 6.6. Diphtheritic avian pox lesions
(arrows) in the oral cavity of a Wild Turkey
(Meleagris gallopavo). The bird was from
Hendry County, Florida and died in 1991. (From
Forrester and Spaulding [2003], with photo
courtesy of Garry W. Foster and permission
from the University Press of Florida.)

smooth, reddish, and dome shaped. Eventually the
swelling cracks or bursts and lesions begin to form.
Avian pox lesions heal, following degeneration and
sloughing of the abnormally proliferated epithelium.
In some instances, toes and whole feet can be lost
(van Riper et al. 2002). Following infection with avian
poxvirus, many birds recover, but young birds are

usually more severely affected than are adults. Indi-
vidual birds that acquire avian pox infections lose dig-
its and can also become permanently blinded. For
example, Forrester (1991) followed the development
of cutaneous lesions on a sentinel domestic turkey in
Florida (Figure 6.7A-D). On day six post-exposure,
small areas of swelling were present; by day eight,
small lesions had appeared; by day 15, the lesions had
grown considerably by day 29, lesions began to cover
the eye; and after 50 days the turkey was blind. When
birds are blinded in the wild, emaciation follows and
birds quickly succumb because of the inability to pro-
cure food or due to predation (for example, Jenkins et
al. 1989; Forrester and Spalding 2003).

In some advanced cases, lesions are present on both
mucous membranes and skin. Lesions of the mucous
membranes, particularly of the mouth and upper air
passages, most often result in high mortality (Davidson
et al. 1980). In chickens that had the diphtheritic form
of pox, mortality rates were higher than in birds with
cutaneous pox (Cunningham 1972). In canaries, acute
systemic infections are commonly associated with
many deaths (Stroud 1933; Arnall and Keymer 1975).
In the wild, birds are rarely found alive with advanced
avian pox infections because they usually die or are
preyed upon prior to reaching this level of intensity.

PATHOGENESIS

Upon successful entry of the poxvirus into avian host
epithelium, within one hour the virus penetrates cell

Figure 6.7. Development of
cutaneous avian pox lesions on
the head of a sentinel domestic
turkey that had been infected
naturally by vectors at Fisheating
Creek (Glades County, FL) during
September 1978. After being
exposed as a sentinel for two
weeks, the turkey was kept in an
isolation room at the University
of Florida, Gainesville, and
observed for the development of
lesions. The photographs were
taken at eight days (A), 11 days
(B), 15 days (C), and 29 days (D)
after the bird was removed from
the sentinel cage at Fisheating
Creek. (From Forrester [1991];
photographs courtesy of Garry
W. Foster and by permission of
Bulletin of the Society of Vector
Ecology.)
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membranes and then uncoats prior to synthesis of a
new virus from precursor material (Arhelger et al.
1962). In the host dermal epithelium, biosynthesis
involves two distinct phases, the first being host
response during the first 72 hours, followed by synthe-
sis of infectious virus from 72 to 96 hours (Cheever et
al. 1968). Beginning at 36 to 48 hours, synthesis of
host DNA is accompanied by epithelial hyperplasia,
with host DNA declining abruptly at 60 hours. Arhel-
ger and Randall (1964) and Tajima and Ushijima
(1966) demonstrated that the replication of viral DNA
in the avian host begins between 12 to 24 hours, fol-
lowed by an exponential rate of synthesis between
60 to 72 hours. Hyperplasia ends at 72 hours with a
2.5-fold increase in cell numbers (Cunningham 1972).
The ratio of viral to host DNA increases up to 2:1 at
100 hours, with the maximum titer of virus attained
following cell proliferation. There is also, during mor-
phogenesis of the virus, incomplete, intermediate, or
developmental forms in transition stages, leading to
mature forms or virions.

The next phase consists of a relatively long latent
period, with areas of viroplasm within the cytoplasm
surrounded by incomplete membranes. The viroplas-
mic particles condense and acquire an additional outer
membrane to become incomplete virions. These viri-
ons migrate to vacuoles of the inclusion bodies and
thus acquire a membrane coat (Cheville 1966). The
virus then emerges from the cells by a budding
process, resulting in an additional outer membrane
that is obtained from the cell membrane (Arheleger
and Randall 1964; Kreuder et al. 1999; Hernandez
et al. 2001). This process produces the classical inclu-
sion body (Bollinger body) that is observable via light
microscopy. Cunningham (1966) argued that the
Bollinger body is not always a structure indispensable
for the development and maturation of avian pox in
wild birds and that infectious virus may be produced
by cells in which matrix inclusion bodies only are
present.

Following entry into an avian host, the overall
initial incubation period described above varies with
the poxvirus strain and host species. Tripathy and
Reed (2003) suggested a period from four to 10 days
in chickens, turkeys, and pigeons, and Kirmse (1969)
found in wild birds incubation periods up to one
month. Duration of the disease is equally variable,
with avian pox in chickens persisting for about
four weeks. Many studies of avian pox in wild birds
show a long incubation period duration, with up to
several months in Chipping Sparrows (Spizella
passerina) (Musselman 1928), 82 days in a Mourning
Dove (Zenaida macroura) (Kossack and Hanson
1954), more than 81 days in a Dark-eyed Junco (Junco
hyemalis), 13 months in a Northern Flicker (Kirmse

1969), more than 109 days in a Dark-eyed Junco
(Hood, pers. com. as cited in Karstad 1971), and
90 to 150 days in the House Finch (McClure 1989).

In chickens, cutaneous lesions become inflamed
and hemorrhagic just prior to regression (Cunningham
1966). Desiccation and scab formation then follows,
with eventual sloughing and replacement by normal
skin. This same pattern occurs in wild birds, but cuta-
neous lesions may be few, sometimes only one or two,
and the whole process of development, regression,
and healing of lesions may be much prolonged
(Karstad 1971). Perhaps the fewer number of lesions
in wild birds occurs because of a high natural resistance
to infection, combined with minimal host response.
Whatever the reasons, it is obvious that a rather
good host-parasite relationship exists in such infec-
tions and that it is beneficial to survival of the virus for
it to be carried for a long period of time by an individ-
ual host.

PATHOLOGY

Avian pox infections cause localized proliferations of
epithelial cells. Affected cells become hyperplastic
and hypertrophic as the increased rate of multiplica-
tion occurs in the basal germinal layer of cells within
the epithelium. Hypertrophy and large granular aci-
dophilic intracytoplasmic inclusions appear as the
cells mature in layers of epithelium above the stratum
germinativum (Figure 6.8). The “stacking” of infected
epithelial cells to form “pocks” occurs at variable
rates, and lesions may persist for different lengths of
time in various species (Karstad 1971).

Diphtheritic lesions are infrequently detected in
wild bird avian pox infections. Cunningham (1972)
described lesions on the mucous membranes of chick-
ens as white, opaque, slightly elevated nodules that
rapidly increase in size, often coalescing to form a
yellowish, cheesy, necrotic material that has the
appearance of a pseudomembrane. He said that the
condition is aggravated by invasion of contaminating
bacteria and that it may extend to involve the sinuses
and pharynx, causing respiratory distress. Wobeser
(1997) cites only one known case in waterfowl. In a
compilation of physical locations where avian pox has
been found on birds throughout the world, we found
only five reports of diphtheritic lesions (Table 6.2).
This information is based on the references cited by
Kirmse (1967a), Bolte et al. (1999), and subsequent
published reports.

In the later stages of development, large persistent
avian pox lesions may be subject to trauma, resulting
in hemorrhage, necrosis, and portals of entry for
bacteria and fungi. This was the case with a juvenile
Reddish Egret (Egretta rufescens) that Conti et al.
(1986) and Forrester and Spalding (2003) found in
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Figure 6.8. (a) Histologic section of avian
poxvirus infection of skin from the toe region of
a naturally infected domestic chicken (Gallus
gallus) collected in Volcano Village, Island of
Hawaii. Note the marked epithelial hyperplasia
and intracytoplasmic inclusion bodies. H&E
stain X 100x. (b) High magnification view of the
same lesion showing the ballooning of
epithelial cells and the large “Bollinger bodies”
in the cytoplasm. 1000x.

Florida. Locke et al. (1965) described mortality in
Red-tailed Tropicbirds (Phaethon rubricauda) in
which avian pox was complicated by secondary
mycotic infections. Histologic sections of cutaneous
avian pox lesions usually reveal areas of necrosis on
or near the surface, in which masses of bacteria or
fungi are found. There are usually no obvious sys-
temic effects of these secondary bacterial or mycotic
infections.

Secondary infections with bacteria and fungi often
occur in wild birds following inflammation of the
epithelial cells by the poxvirus. These infections have
nothing specific about them, occurring as they would
in any skin surface where abrasion and contamination

occur (Karstad 1971). Elevated avian pox lesions
predispose the skin surfaces to trauma. Bird-banders
often find that birds with avian pox lesions become
entangled in mist nets in such a way that the warty
lesions are injured and bleed (Bleitz 1958). However,
in most bird species avian poxvirus infections are mild
and self-limiting (Simpson et al. 1975), and the lesions
slough off without subsequent secondary bacterial and
fungal infections.

The lesions of avian pox in canaries and other more
susceptible birds (for example, Hawaiian honeycreep-
ers) are sometimes quite different. Lesions frequently
seen are fibrinous inflammation of serous membranes;
liver degeneration or necrosis also occurs, with edema
and hyperemia of the lungs, and fibrinous pneumonitis
often results (van Riper et al. 2002). Such lesions are
seen in canaries with the acute systemic form of the
disease. In other cases, cutaneous lesions or diph-
theritic lesions may predominate. Canaries and honey-
creepers may have cutaneous lesions on not only
exposed skin areas but also the feathered portions of
the body (van Riper and van Riper 1985).

Goodpasture and Anderson (1962) described strains
of avian pox isolated from the Dark-eyed Junco and
from a Wood Thrush (Hylocichla mustelina) that were
characterized by the development of intranuclear as
well as intracytoplasmic inclusions. Both types of
inclusions occurred in the original junco host as well as
in chickens infected with the junco strain. In avian
pox—infected Dark-eyed Juncos, Karstad (1971) found
that one of four had intranuclear as well as typical
intracytoplasmic inclusions. He also found typical
avian pox intranuclear and intracytoplasmic inclusions
in hypertrophied epithelial cells in a cutaneous lesion
from a Northern Mockingbird (Mimus polyglottos).
Furthermore, one of six Northern Flickers with cuta-
neous avian pox lesions had small, eosinophilic, rod-
shaped inclusions in the nuclei of cells that also
contained typical Bollinger bodies. Histologic exami-
nation of an avian pox lesion from a Savannah Sparrow
(Passerculus sandwichensis) revealed rod- or brick-
shaped inclusions in the cytoplasm of hypertrophic
epithelial cells that bore typical Bollinger bodies. In
the Imperial Eagle (Aquila heliaca), Hernandez et al.
(2001) demonstrated more typical inclusion bodies
(Figure 6.2).

DIAGNOSIS

The visual observation of lesions on a wild bird does
not represent a definitive diagnosis of avian pox infec-
tion. In the past, many authors have assumed that
because they observed pox-like skin lesions on birds,
they were dealing with avian pox (for example, Power
and Human 1976). There are a number of avian
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Table 6.2. Locations of avian pox lesions found
on selected wild bird hosts. This table provides
a snapshot of pox intensity by physical loca-
tion on the bird. By examining the table, one
can obtain a general index of where one might
expect to find lesions at different physical loca-
tions on a sample of infected birds.

Lesion Location

ORDER Feet Face  Diphtheritic
& & (Oral
Legs Head cavity)

Struthioniformes 3 1 1
Tinamiformes - - -
Sphenisciformes 1 0 0
Gaviiformes - - -
Podicipediformes 1 0 0
Procellariiformes 2 1 0
Pelecaniformes 2 1 1
Ciconiiformes 2 1 0
Phoenicopteriformes 1 1 0
Anseriformes 28 4 5
Falconiformes 26 6 1
Galliformes 53 11 5
Opisthocomiformes - - -
Gruiformes 2 2 0
Charadriiformes 4 2 0
Pterocliformes - - -
Columbiformes 13 4 2
Psittaciformes 11 1 7
Cuculiformes 1 0 0
Strigiformes 4 3 1
Caprimulgiformes - - -
Apodiformes 2 1 0
Coliiformes - - -
Trogoniformes - - -
Coraciiformes 1 0 0
Piciformes 2 1 0
Passeriformes 217 9 2
TOTAL 377 49 25

diseases that have similar lesions to those of poxvirus
infections. Mites and bacteria will sometimes cause
lesions on the legs that look very similar to avian pox
lesions. Candidiasis, capillariasis, and trichomoniasis
all cause lesions in the oral cavity that look similar to
the diphtheritic form of avian pox.

Whenever possible, isolation via the propagation
of virus on chorioallantoic membranes of chicken
embryos should be used as the definitive diagnosis of

choice (Hansen 1987). Some strains of avian poxvirus
in wild birds do not grow readily in chicken embryos.
Krone et al. (2004) were unable to culture poxviruses
from a Peregrine Falcon (Falco peregrinus) on chicken
egg CAM, so they attempted culture in Peregrine
Falcon eggs, and van Riper et al. (2002) cultured
the Hawaiian avian poxvirus from Hawaii Amakihi
(Hemignathus virens), Apapane (Himatione sangui-
nea), Laysan Finch (Telespiza cantans), and liwi
(Vestiaria coccinea) in House Finch eggs.

At a minimum, for a positive demonstration of an
avian pox infection there needs to be at least a histo-
logical examination of infected tissue that shows
avian poxvirus intracytoplasmic inclusion (Bollinger)
bodies (Kirmse 1966). Demonstration of typical avian
poxvirus particles by electron microscopy would also
provide a positive confirmation of an avian pox infec-
tion (Figure 6.2). Beaver and Chetum (1963) studied
the cytopathology of a Dark-eyed Junco poxvirus
strain by electron microscopy, and the nuclear inclu-
sion was seen to be devoid of viral particles, being
composed of a loose array of irregularly branching fil-
aments. In an avian pox outbreak in the Peregrine
Falcon in Germany, Krone et al. (2004) found much
the same pattern after negative staining on an electron
micrograph.

Recent advances in molecular techniques now pro-
vide an opportunity for a more detailed and rapid
diagnosis of avian pox infections. These techniques
have been discussed by Tripathy (2000) and Tripathy
and Reed (2003) and include restriction fragment
length polymorphism (RFLP) analysis, use of
genomic fragments as probes, and polymerase chain
reaction (PCR) tests.

IMMUNITY

Birds that have recovered from avian pox infections,
or that have been vaccinated, are usually immune to
reinfection with that virus strain. This immunity is
largely cell mediated, although antibodies can play a
role (Fenner 1968). Transovarial transmission of immu-
nity for avian pox has not been demonstrated. Strains
isolated from a single host species may vary in the
degree of infectivity to other species. For example, a
strain of canarypox has been found that can infect
chickens, quail (Coturnix sp.) and turkeys, but not
House Sparrows (Passer domesticus) and Rock Doves
(Columba livia); another canarypox strain infected
chickens, Rock Doves, and House Sparrows (Karstad
1971). Trons (1934) found a strain of avian pox from
the Rock Dove that produced lesions in the House
Sparrow after a series of blind passages. Dobson
(1937) described a poxvirus strain isolated from Ring-
necked Pheasants (Phasianus colchicus) that was
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transmissible to chickens and Rock Doves. Many of
the poxviruses of wild birds are not pathogenic for
chickens (for example, Tripathy et al. 2000).

Avian poxvirus strains from one host can provide
reciprocal immunity to other host species, and cross-
immunity has been proven for several strains of avian
pox. For example, chickens may be vaccinated with
live pigeonpox strains because they stimulate immu-
nity to typical strains of avian poxviruses without
causing serious disease (Cunningham 1972). Dobson
(1937) demonstrated that Rock Dove poxvirus
immunized birds against a pheasant strain. DuBose
(1965) reported reciprocal immunization between
strains of poxvirus from the Sage Grouse (Centro-
cercus urophasianus) and a strain isolated from
the Blue Grouse (Dendragapus obscurus). It seems
probable that immunity to avian pox exists in a spec-
trum of continuous adaptation to various avian host
species.

PUBLIC HEALTH CONCERNS

It has not yet been demonstrated that avian poxviruses
are transmissible to humans, as are some of the
mammalian strains such as cow and sheep poxviruses
(Robinson and Kerr 2001).

DOMESTIC ANIMAL HEALTH CONCERNS

Due to the host specificity demonstrated by most avian
poxviruses (see the “Etiology” and “Immunity” sec-
tions in this chapter), wild birds are presently not con-
sidered a significant reservoir of the virus for domestic
animals. Kirmse (1966) attempted to infect chickens
with strains of poxvirus from the Northern Flicker,
Dark-eyed Junco, Song Sparrow (Melospiza melodia),
and domestic canary. Only the Song Sparrow strain
produced lesions in chickens. Conversely, three poul-
try strains were pathogenic for chickens but not for
several species of wild birds, including the Red-
winged Blackbird (Agelaius phoeniceus), European
Starling (Sturnus vulgaris), Northern Oriole (Icterus
galbula), Gray Catbird (Dumetella carolinensis), Song
Sparrow, House Sparrow, White-throated Sparrow
(Zonotrichia albicollis), American Robin (Turdus
migratorius), Evening Grosbeak (Coccothraustes ves-
pertinus), Indigo Bunting (Passerina cyanea), Ameri-
can Goldfinch (Spinus tristis), Brown Thrasher
(Toxostoma rufum), Eastern Kingbird (Tyrannus tyran-
nus), and Common Grackle (Quiscalus quiscula).
These results may be taken as evidence of host speci-
ficity and suggest that pox infections in migratory
birds do not presently constitute a threat to the domes-
tic poultry industry.

There is recent evidence that anthropogenic move-
ment of birds can cause avian pox problems for wild as

well as captive bird populations. Krone et al. (2004)
demonstrated avian pox mortality in Peregrine Falcons
that were pen-reared and released in northern Germany.
In the Arabian Gulf region, Remple (1988) found that
avian pox is common in many of the captive falcons
that are used for falconry. In captive parrots, avian pox
has become a concern around the world (Petrak 1982;
Hitchner and Clubb 1980). In the United States,
poxvirus infections are among the more significant
health risks associated with releasing pen-reared or
game-farm birds such as Wild Turkeys and Northern
Bobwhites into the wild for hunting purposes (David-
son et al. 1982; Davidson and Wentworth 1992). Such
releases should be discouraged or prohibited, but if
they are allowed to occur, only healthy pen-reared
birds should be used (Forrester and Spalding 2003).

WILDLIFE POPULATION IMPACTS

Little is known about mortality rates from poxvirus
infection in naturally infected, free-flying wild birds.
The majority of wild-bird avian pox infections have
been reported as mild and self-limiting. In pheasants,
quail, and Wild Turkeys, mortality rates are probably
similar to chickens with regard to the severity and
course of avian pox infections. Davidson et al. (1980)
estimated that during an epornitic of avian pox in
Northern Bobwhites, morbidity was approximately
2% and mortality varied between 0.6 and 1.2% in a
13,000-km? region of Georgia and Florida. During a
survey from 1968 through 1984 of 1,052 Wild Turkeys
in southern Florida, Forrester and Spalding (2003)
reported 15 cases of avian pox. Dobson (1937) reported
extensive losses in Ring-necked Pheasants affected by
the diphtheritic form of avian pox. Karstad (1965)
documented that eyelid lesions prevented feeding and
were responsible for extensive losses among captive
Impiyan Pheasants (now called Himalyan Monal
[Lophophorus impejanus]). The outbreak occurred in
the fall and subsided after frosts had reduced mosquito
populations.

Extremely high mortality rates have been recorded in
some epizootics. Gallagher (1916) reported 85% mor-
tality in quail (of unstated species) imported from
Mexico, where lesions were present on the unfeathered
skin and in the mouth. In the Galapagos Mockingbird
(Nesomimus parvulus), Vargus (1987) found 13 of 18
healthy fledglings after two months but failed to find any
of the 14 young birds that previously had been observed
with avian pox lesions. With avian pox now introduced
into the Canary Islands (Medina et al. 2004), there exists
the potential for transmission to native birds and future
epizootics (for example, Smits et al. 2005).

Avian pox infections in Hawaii have been demon-
strated to have negative effects on many populations
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of native birds (van Riper and Scott 2001). Warner
(1968) demonstrated extensive poxlike lesions on
Laysan Finches that he had brought from Laysan
Island to the island of Oahu. Jenkins et al. (1989)
reported that avian poxvirus had a negative impact on
the few remaining Hawaiian Crows (Corvus hawai-
iensis) that inhabit the island of Hawaii. In the Elepaio
(Chasiempis sandwichensis) on Hawaii, VanderWerf
(2001) demonstrated a population decline on Mauna
Kea Volcano in the year following an epizootic of pox-
like lesions. In a larger-scale study, van Riper et al.
(2002) recorded high avian pox prevalences (up to
47%) in native birds that inhabit the mid-elevational
forests of Mauna Loa, Hawaii. They demonstrated
that where vectors and native birds (Hawaiian honey-
creepers) had their greatest overlap, avian pox had the
greatest negative influence on forest bird populations
(Figure 6.9). In controlled laboratory experiments, the
authors also demonstrated that avian poxvirus will kill
some species of native birds (for example, Hawaii
Amakihi), but is mild and self-limiting in the intro-
duced bird species such as the House Finch. Atkinson
et al. (2005) found a similar situation in the Hawaii
Amakihi in other forests on Mauna Loa, Hawaii.

Avian pox in captive situations (especially canaries)
may be associated with extensive losses (Bigland
et. al. 1962). Transmission is facilitated by housing large
numbers of birds in close quarters. In such situations,
transmission may occur by direct and indirect contact,
or by inhalation of virus-laden dust. Poxviruses are very
resistant to inactivation by drying and, therefore, dust
that contains contaminated particles of feathers, skin, or
scabs may be highly infective. Under conditions of
aerosol exposure, canaries may die with rather acute,
apparently generalized systemic infections.

TREATMENT AND CONTROL

For outbreaks in which avian poxvirus is being
transmitted by vectors, control should be targeted at
reduction of those vector populations. For example,
adult mosquitoes can be directly targeted for reduc-
tion or, as is most often the case, breeding areas can be
manipulated either through direct reduction of larvae
or via indirect reduction through biocontrol agents
(Service 1976). Control can also be achieved by pre-
venting vector access to birds (for example, by screen-
ing) in the case of captive birds. Where birds are being
artificially concentrated, such as at home feeders or in
aviaries, feeders and perches should be sterilized at
least every two weeks (Bleitz 1958). Any strong anti-
septic cleaning agent can be used, including bleach. In
holding areas or aviaries, diseased birds should be
kept in separate, isolated, screened cages.

On occasion, it may be useful to try vaccination
where avian pox occurs in captive wild birds. Ideally,
one should select for vaccination an avian poxvirus
strain that causes a mild infection that would be lim-
ited to the skin at the site of vaccine application. Vac-
cination such as this may prove practical in certain
situations, such as with endangered species (see Tri-
pathy et al. 2000). For additional vaccination tech-
niques and information, see Cunningham (1972). If
avian pox infections are dust borne, as may occur in
some aviaries and outdoor pens, control of dust will be
an important factor.

For captive birds that do become infected, Arnall
and Keymer (1975) have found success by applying
flowers of sulfur directly to the lesion or giving it
orally. Removal of the lesions and washing in bicar-
bonate soda may prove useful, but caution needs to be
taken not to further spread the virus. Applying silver
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nitrate, iodine, or 1-2% saline solution directly to the
lesion has also shown some success in reducing the
level of infection. All techniques are targeted at steril-
izing around the lesion, and this is why bathing the
infected area seems to help. In fact, broad-spectrum
antibiotics are routinely given to birds with avian pox
in an attempt to reduce the chance of secondary bacte-
rial infection.

No matter what treatment is used, the disease will
run its course. In most situations, prevention is the
best treatment against avian pox infection. Keeping
areas clean and disinfected is important. Any reduc-
tion in potential vector numbers will also help. In
highly susceptible avian species, many individuals
will probably succumb to infection (for example,
Landolt and Kocan 1976). In the more resistant
species, immunity quickly develops and the infection
is usually gone within a short time period, with mini-
mal damage to the bird.

MANAGEMENT IMPLICATIONS

For the majority of wild bird populations, avian pox
appears to be a self-limiting disease. However, in
localities where conditions are propitious for trans-
mission (for example, an extremely heavy rainfall
year), avian pox prevalences can reach high levels and
negatively impact wild bird populations. For example,
following an extremely wet year in southern Georgia
and northern Florida, Davidson et al. (1980) reported
a 12-fold avian pox increase in Northern Bobwhites.
The authors estimated that this increase in avian pox
infections resulted in an additional 12 to 24 deaths per
1,000 birds. This reduction in total population size had
a negative impact on the allowed bag limits for that
year. Forrester (1991) postulated that an abnormally
early rainy season over a two-year period resulted in a
widespread avian pox epizootic, which caused a sig-
nificant decline in Wild Turkey populations in Florida
throughout the 1960s. During these situations it might
be wise to reduce the bag limits or shorten the hunting
seasons on these game birds.

With the continued increase of bird feeding stations
over the world, the concentrated numbers of birds
utilizing those feeding stations predisposes them
to enhanced transmission of poxviruses. This has
been documented by a number of wild bird enthusi-
asts (for example, Bleitz 1958) and continues to be a
problem.

The artificially increased host densities of wild
birds at feeding stations is paralleled with what cap-
tive breeders are finding in regard to the transmission
of avian pox. Donnelly and Crane (1984) described an
epornitic of avian pox in a research aviary (Graham

1978; Petrak 1982). The situation becomes even more
of a management concern when one is dealing with
the captive breeding of endangered species such as
Whooping Cranes (Grus Americana), Hawaiian hon-
eycreepers, or Bali Mynas (Leucospar rothschildi).

Another situation in which land and wildlife man-
agers must be concerned with the implications of
avian pox infection is on the more remote islands of
the world. For example, in Hawaii, where the native
birds have had only a short history of co-evolution
with the introduced avian poxvirus, the distribution
and numbers of many native species are presently
being negatively impacted by this disease (Warner
1968; van Riper et al. 2002; Atkinson et al. 2005). In
the Galapagos Islands, Vargas (1987) demonstrated
that in some years avian poxvirus greatly impacts the
numbers of Galapagos Mockingbird young that sur-
vive to adulthood. The first detection of avian pox in
the Canary Islands (Medina et al. 2004) should be
followed closely by wildlife managers because the
native birds on that island are probably very suscepti-
ble to Avipoxvirus avium. Although islands are indeed
unique situations, on islands such as Trinidad that are
closer to continents, Tikasingh et al. (1982) suggested
that avian pox might not always greatly impact native
birds.

In summary, wherever avian pox is a potential con-
cern, monitoring of bird populations would assure
early detection of infected birds. Programs such as
MAPS (Monitoring Avian Productivity and Survivor-
ship) developed by DeSante (1996) would provide
wildlife managers with an early detection of any
increase of avian pox lesions in wild bird populations.
When infected birds are collected, some sort of stan-
dardized necropsy and reporting protocol should be
developed, one like that developed by van Riper and
van Riper (1980). Another example of a survey and
reporting system that could be emulated is the “House
Finch Disease Survey” (http://www.birds.cornell.edu/
hofi/index.html) initiated by the Cornell Laboratory of
Ornithology and described in Dhondt et al. (1998).
This Web-based system documents the spread of con-
junctivitis in the House Finch and could be easily
modified to be used for a survey of avian pox. Follow-
ing receipt of presence/absence information on
lesions, more detailed laboratory analyses (see the
“Diagnosis” section of this chapter) can be under-
taken. It has been clearly shown that detecting disease
in its early stages of spread is the preferred method of
wildlife disease management (Friend 1987). After
avianpox prevalence becomes high, this disease will
“run its course” and has the potential to greatly impact
certain wild bird populations.
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