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Avian host spectrum of avipoxviruses
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Institute for Avian and Reptile Medicine, Justus-Liebig-University Gieû en, Frankfurter Straû e 91, 35392
Gieû en, Germany

A review is given of the occurrence of poxviruses in different bird species. The ® rst publications appeared
in Europe around 1850. At that time, pox as a de® nite disease entity was diagnosed on the basis of clinical
signs, while later the detection of Bollinger’s inclusion bodies (1877) allowed an aetiological diagnosis by
microscopically visible viral aggregates. Virus isolation in embryonated chicken eggs and direct electron
microscopy gained importance as diagnostic tools in the 1950s. Also brie¯ y described are avipoxvirus
taxonomy, virus characteristics, clinical signs, modes of prevention and diagnostic procedures.

Of the approximately 9000 bird species, about 232 species in 23 orders have been reported to have
acquired a natural poxvirus infection. However, it is likely that many more birds are susceptible to
avipoxviruses.

Introduction

Members of the family Poxviridae infect and cause
disease in many vertebrates and in some
arthropods. For centuries, poxviruses stimulated
scienti® c interest for many reasons. Clinicians
studied the origin and types of cutaneous lesions.
Pathologists followed the distribution of this agent
in infected tissues and cells. Ancient physicians in
early history treated pox by scari® cation. Jenner
(1798) prevented pox in man by arti® cial inocula-
tion of volunteers with material from cowpox and
initiated the modern era of vaccination.

More recently, poxviruses have been applied to
stimulate non-speci ® c resistance. Epidemiologists
followed the modes of spread of poxvirus between
various vertebrate hosts. Entomologists studied the
transmission by various mosquitos. `Vaccin-
ologists’ used and still use modi® ed live
poxviruses as vaccines to protect against disease.
More recently, molecular virologists employ
poxvirus as potent vectors for viral antigens to
stimulate immunity (Silva, 1996).

These and other facts provide a reason to review
at least one feature of poxviruses, namely the host
spectrum of the genus Avipoxvirus in birds. This
review is focused on natural infections of various
bird species with virulent ® eld viruses. At the
present time, only anecdotal or circumstantial in-
formation exists on the spectrum of avian hosts

which can be infected and/or immunized with
modi® ed live (vaccinal) avipoxviruses. Therefore,
no reliable information can be provided on those
few bird species which can successfully be vacci-
nated with available live attenuated vaccines. This
review also includes some aspects of taxonomy,
means of diagnosis, and history of pox in birds.

De® nition

All poxviruses are very large, oval or brick-shaped
enveloped viruses. Their nucleic acid consists of
dSDNA ( . 250 kbp) in linear con® guration. They
have a low G 1 C content (30 to 40%). The infec-
tivity is usually ether resistant but sensitive to
chloroform treatment. They multiply easily in cell
cultures and on the chorioallantoic membrane of
embryonated eggs and form type A cytoplasmic
inclusions in cells of these culture systems (Mur-
phy et al., 1995).

Taxonomy

The family Poxviridae consists of two subfamilies,
namely Chordopoxvirinae, which includes eight
genera, and Entomopoxvirinae , with three genera.
The genus Avipoxvirus within the subfamily Chor-
dopoxvirinae contains at present 10 species with
two additional tentative species (Murphy et al.,
1995). There is no exact knowledge on the number
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of species, strains or variants which actually exist
within the genus Avipoxvirus. Since at least some
viruses cause extensive serologic cross-reactions
and also cross-protection in vivo, and since the
genomic sequences of only a few isolates are
currently known, a de® nite asignment of new iso-
lates to well de® ned poxvirus species waits for
future clari® cation.

Diseases in birds associated with avipoxviruses

Various disease manifestations occur in domestic,
pet and free-living birds of many species. The
clinical signs in naturally infected birds vary de-
pending on the virulence of the virus, susceptibility
of the host, distribution and type of lesions in an
infected bird, and other complicating factors (Tri-
pathy & Reed, 1997). The disease may occur in
cutaneous or diphtheric/pharyngeal forms, or both.
In addition, in some bird species, tumorous
changes may develop. A peracute form, associated
with sudden death, is rarely seen. Latently infected
carriers exist.

Cutaneous pox lesions are characterized by the
appearance of nodular lesions on feather-free
regions of the body, namely comb, around
the beak, wattles, eyelids or even legs and wings.
No scar formation is visible after recovery and
healing of skin lesions; ® brotic areas only are
often a feature on histology (e.g. in eyelids of
parrots). Mortality rates are usually low if the
cutaneous form prevails. Some poxviruses produce
a protein similar to an epidermal growth factor
(Moss, 1996).

The diphtheric form affects predominantly the
upper respiratory and digestive tract in many bird
species. A variable number of affected birds may
display simultaneously both the cutaneous and
diphtheric forms. The mortality rates of the
diphtheric and mixed forms of the disease are
higher than in the cutaneous form. However, the
mortality also depends on the action of predispos-
ing factors already mentioned. In chickens and
turkeys, the mortality is mostly, but not always,
low. In canaries and other ® nches, the losses can
reach 80 to 100% of the ¯ ocks (Tripathy & Reed,
1997).

Historical aspects of pox

Chinese, arabic, roman and medieval authors de-
scribed, some in great detail, pox in man and
various vertebrates (Meurer, 1991). Even before an
exact aetiologic diagnosis was established,
arti® cial inoculation of man with pox material
from cattle was tried in an attempt to prevent pox.
We still use the term `vaccination’ , which is de-
rived from the Latin word vacca for cattle, the
source of pox material to scarify the skin of hu-
mans.

The second half of the nineteenth century
brought three major discoveries which promoted
both diagnostic methods and early steps in
virology. The three break-throughs were the
signi® cant improvements of the microscope, the
technique to produce extremely thin sections and
the synthesis of selective stains for these thin
sections. Almost at the same time, the concept of
infectious transmissible organisms which may
cause disease and the idea that all macroorganisms
are composed of cells gained credence in the
scienti® c world.

Using these, at that time, new and revolutionary
ideas, Bollinger (1873) published his microscopi-
cal ® ndings in poxvirus-infected cells in chickens.
He detected large, cytoplasmic, eosinophilic inclu-
sions which are now known as Bollinger’ s in-
clusion bodies. This pioneering work made it
possible to trace poxvirus infections in the early
scienti® c literature long before virus isolations and
visualization were possible.

The ® rst attempts to grow some of these small
organisms in embryonated chicken eggs were
made by Centanni in Italy around the turn of the
century (Centanni, 1902). However, at the end of
World War II, antibiotics became available for use
in virus research. Since then, the use of antibiotics
and antimycotics to prevent bacterial and fungal
growth has enabled numerous viruses to be iso-
lated.

In the early post-war era, microbiology and
pathology had access to the electron microscope
and visualization of microorganisms, including
viruses, fostered the understanding of the patho-
genesis of many infectious diseases including pox.

Treatment and Prevention

As in most viral infections, there is at present no
effective treatment of the cause of avian pox. In
pet birds, iodineÐ glycerine application on prolif-
erative skin lesions may be tried but the effects of
these palliative measures remain doubtful (van
Heelsbergen, 1929).

Live modi® ed virus vaccines have been devel-
oped to prevent disease manifestations in chickens,
turkeys, homing and meat-type pigeons, canaries
and quails. These vaccines are considered to be
genetically stable and protect immunocompetent
birds for about 1 year. There is a high demand for
vaccines in other bird species, such as various
expensive or rare falcons, eagles, ostriches and
many passeriform birds. Since the host spectrum of
many poxvirus isolates remains obscure, available
vaccines are often applied on the basis of trial and
error experimentation. Cross-protection has been
observed in some but not all bird species (Gerlach,
1994). For example, chickens can be protected
with pigeon poxvirus. Further investigations are
needed to clarify the relationships between these
different avipoxvirus species.
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Diagnostic Tools

The clinical signs seen in the cutaneous form of
pox are very characteristic and allowed even early
investigators to provide a reasonably realistic diag-
nosis. The clinical recognition of pox in the diph-
theric and mixed forms is much less easy. In
addition to signs, histology provides good evidence
for the presence of poxviruses. Histology became
possible from the work of Bollinger (1877). He
detected and described inclusion bodies in the
cytoplasm of infected cells which can be detected
in smears or tissue sections stained with Wright’ s,
Giemsa or other stains.

Today, the diagnostic work generally provides a
diagnosis of the genus Avipox but not a species
diagnosis within this genus. Such a diagnosis is
based on virus isolation on the chorioallantoic
membrane of embryonated chicken eggs
(Woodruff & Goodpasture, 1931) or in cell cul-
tures of avian origin (Findlay, 1928). Attempts to
assign new avipoxvirus isolates to one of the
known avipox species on the basis of their lesions
on the chorioallantoic membrane of inoculated
eggs, in chicken embryo ® broblast cultures, or by
subcutaneous versus intravenous inoculation of
several susceptible bird species has met to date
with limited success. The number of isolates is
now too large and the types of reactions in these
systems is too similar to allow clear-cut differenti-
ations between avipoxvirus species. Molecular
methods such as restriction enzyme analysis and/or
detailed genomic studies may provide more accu-
rate data in the future (Fenner, 1996).

Since the early 1950s, the large poxvirus parti-
cles have been visualized by electron microscopy
of pre-puri® ed skin scabs or pharyngeal swabs.
Direct electron microscopy of negatively stained
preparations provides a reliable and rapid genus
diagnosis but again no species diagnosis of pox.

Taxonomy of Birds

The authors have made use of the `List of Birds of
the World’ published by Wolters (1975±1982) for
taxonomy and nomenclature of bird species.
Wolters provides vernacular bird names in the
English and German languages in addition to the
generally accepted scienti® c terminology. On occa-
sions, additional reference was made to `Distri-
bution and Taxonomy of Birds of the World’
published by Sibley & Monroe (1990).

Host Spectrum of the Genus Avipoxvirus

The earliest but also most comprehensive publica-
tions on the host range of pox in birds are cited in
Table 1. In this table, the scienti® c names and the
vernacular names in the English and German lan-
guages are given. The ancient literature in particu-
lar made frequent use of names which are now
obsolete but still suf® ciently clear to allow

identi® cation of both the disease and the birds
affected. However, names like avian diphtheria,
epithelioma contagiosum, variola gallinarum and
many others are not cited. Some reports on pox
contain only vague terms for birds like dove, owl,
and goose. Those publications are omitted here. Of
the approximately 9000 bird species, about 232
species in 23 orders have been reported to have
acquired a natural poxvirus infection and to have
developed various forms of pox (Table 1).
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REÂSUMEÂ

EspeÁ ces aviaires infecteÂes par les poxvirus aviaires

Une syntheÁ se bibliographique relative aÁ la description des poxvirus

chez les diffeÂrentes espeÁ ces d’ oiseaux est preÂsenteÂe. Les premieÁ res

publications en Europe datent des anneÂes 1850. A cette eÂpoque la

variole eÂtait deÂ® nie comme une entiteÂpathologique diagnostiqueÂe sur

la base des symptoÃmes cliniques. Ce n’ est que plus tard en 1877 qu’ un

diagnostic eÂtiologique a pu eÃtre eÂtabli par la visualisation d’ agreÂgats

visibles au microscope, correspondan t aux corps d’ inclusion de

Bollinger. Beaucoup plus tard dans les anneÂes 1950, les meÂthodes

d’ isolement du virus et d’ observation directe du virus en microscopie

eÂlectronique ont repreÂsenteÂune avanceÂe importante pour le diagnostic.

Ainsi la taxonomie des poxvirus aviaires, les caracteÂristiques du

virus, les symptoÃmes, les meÂthodes de preÂvention et les techniques de

diagnostic sont brieÁ vement deÂcrits.

Parmi les 9000 espeÁ ces d’ oiseaux, il a eÂteÂrapporteÂque 232 espeÁ ces

appartenant aÁ 23 ordres ont eÂteÂl’ objet d’ une infection naturelle par un

poxvirus. Il est cependant probable que beaucoup plus d’ oiseaux sont

sensibles aux poxvirus aviaires.

ZUSAMMENFASSUNG

Vogelwirtsspektrum der Avipoxviren

Es wird ein UÈ berblick uÈ ber das Vorkommen von Pockenviren bei

verschiedenen Vogelarten gegeben . Die ersten Publikationen

erschienen in Europa um 1850. Zu der Zeit wurden Pocken auf der

Grundlage der klinischen Symptome als eine bestimmte Krankheits-

EntitaÈ t diagnostiziert , wohingegem spaÈ ter der Nachweis von

Bollinger’ schen EinschlusskoÈ rperchen (1877) eine aÈ tiologische Diag-

nose durch mikroskopisch sichtbare Virusaggregat e ermoÈ glichte. Die

Virusisolierung in embryonierten HuÈ hnereiern und die direkte Elek-

tronenmikroskopi e gewannen in den 1950er Jahren Bedeutung als

diagnostische Hilfsmittel. Kurz beschrieben werden auch die

Vogelpockenvirus-Taxonomie , die Virus-Charakteristika , die klini-

schen Symptome, PraÈ ventionsmethoden und diagnostische Verfahren.

Von den ungefaÈ hr 9000 Vogelarten ist uÈ ber etwa 232 Arten in 23

Ordnungen berichtet worden, dass sie eine natuÈ rliche Pockenvirus-

infektion bekommen haben. Es ist jedoch wahrscheinlich , dass viel

mehr VoÈ gel fuÈ r Vogelpockenvire n empfaÈ nglich sind.

RESUMEN

Hospedadores aviares de avipoxvirus

Se realiza una revisioÂn de la incidencia de la infeccioÂn por poxvirus

en diferentes especies aviares. Las primeras publicacione s aparecieron

en Europa alrededor de 1850; en aquella eÂpoca la viruela, como

entidad patoloÂgica de® nida, se diagnosticaba mediante el cuadro

clõÂnico mientras que maÂs tarde, en 1877, la deteccioÂn de los cuerpos

de inclusioÂn de BoÈ llinger permitõÂa un diagnoÂstico etioloÂgico mediante

la visualizacioÂn microscoÂpica de eÂstos. El aislamiento võÂrico en

huevos embrionados de pollo y la observacioÂn directa mediante

teÂcnicas de microscopõÂa electroÂnica adquirieron importancia en la

deÂcada de los 50. TambieÂn se describe brevement e la taxonomõÂa y

caracter õÂsticas de los avipoxvirus asõÂcomo los signos clõÂnicos,

meÂtodos de prevencioÂn y de diagnoÂstico.

De las aproximadament e 9000 especies aviares existentes, en cerca

de 232 especies pertenecientes a 32 ordenes diferentes, se han descrito

infecciones naturales por pox virus. Sin embargo es probable que

muchas maÂs sean susceptibles a los avi poxvirus.


