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Foreword

DO WILDLIFE DISEASES REALLY MATTER? The waterfowl manager who wakes up one morning to find ten thousand
dead and dying birdsin the marsh would think so. Yet virtually every wild bird and mammal harbors at |east afew parasites
seemingly without obvious adverse consequences. Parasites, viruses, bacteria, and fungi are component parts of the ecosys-
tems in which wildlife are found, but do not necessarily cause disease. Millennia of coevolution have engendered a modus
vivendi that assures the survival of both host and parasite populations.

Then why the ten thousand sick and dying birds? Ecosystems are changing. Waterfowl are concentrated on shrinking
wetlands and remain there for longer periods of time, facilitating bird-to-bird spread of the bacteriathat cause avian cholera.
Or permitting the buildup of parasitesin their hosts from a small, relatively benign number to massive numbers that cause
disease and death. Water quality of wetlands changes, favoring the production of deadly botulinum toxin by bacteriaand its
mobilization up the food chain to waterfowl. New, totally artificial habitats are created with unpredictable results. The ex-
treme temperature, salinity, and other conditions of the Salton Sea have created an unusual ecosystem in which botulism
occursin fish and in birds through biological cycles that are not yet understood. Wetland loss in southern California leaves
few alternative places for waterbirds to go, so they are attracted to the Salton Sea.

Behavior changes. Mallard ducks take up residence on the ponds and lakes of city parks and lose their migratory habits.
They share these bodies of water with exotic species, such as Muscovy ducks that have also taken up residence there after
introduction by people, setting the scene for outbreaks of duck plague, and creating the risk of spread to migratory waterfow!
that also use these areas. Raccoons and skunks become well adapted to urban life, bringing rabies and canine distemper with
them into the city.

The environment changes the physiology of wild animals. Human activity introduces into wildlife habitats chemical
compounds that adversely affect physiological processes such as reproduction and immune responsiveness. These com-
pounds become incorporated into the ecosystems, often becoming more concentrated as they move up food chains. Their
effects can influence wildlife popul ations. Some of these endocrine-disrupting chemicals, such as chlorinated hydrocarbons
(DDE, PCBs), interfere with normal endocrine function by mimicking natural hormones, with resulting eggshell thinning
and breakage. Effects of these chemical compounds on immune-system responses to infectious and parasitic agents are less
well understood.

What to do? Incorporating disease-prevention measures into wildlife management practices requires more information
than is usually available. The information-gathering process must begin in the field. Field biologists must monitor disease
occurrence. ThisField Manual isavaluable aid in identifying the diseasesthat are likely to be present, and in giving guidance
on the gathering and treatment of specimens needed to establish the diagnosis in the laboratory.

But the wildlife field biologist isin aposition to provide valuable information that goes beyond the collection of samples
from sick and dead individuals. Although diseased individuals are the basic unit of surveillance, the occurrence of disease
must be put into ecological perspective. A careful description of the ecological setting in which the disease is occurring, and
any changes that have occurred over time, are ultimately asimportant as a careful description of the lesions observed in the
individual, if the epidemiology of that diseaseisto be understood, and the disease prevented through sound wildlife-manage-
ment practices.

Itismy hopethat the awareness of diseases affecting wildlife and the good disease-surveillance practices promoted by this
manual will spread throughout the range of the species we are trying to mange and protect. We must know more than we do
currently about disease occurrence throughout the ranges that the wildlife occupy. Many migratory species know nothing of
international boundaries. Neither do their diseases. Until we have a much more complete picture of the disease-environment
relationships of the blue-winged teal from its nesting ground in Canada, its migration route through the United States and
overwintering areasin Central America or the Cienaga Grande de Santa Marta in Columbia, sound disease-prevention man-
agement of that species will not be possible. Similar considerations exist for other species.

Thomas M. Yuill
Madison, Wisconsin
May, 1999
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“Ingenuity, knowledge, and organization alter but cannot
cancel humanities vulnerability to invasion by parasitic forms
of life. Infectious diseases which antedated the emergence

of humankind will last as long as humanity itself, and will
surely remain, as has been hitherto, one of the fundamental

parameters and determinants of human history.”

(McNeill)
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Introduction

“When one comes into a city in which he is a stranger, he ought to consider its situation, how it lies as
to the winds and the rising of the sun; for its influence is not the same whether it lies to the north or to
the south, to the rising or to the setting sun. These things one ought to consider most attentively, and

concerning the waters which the inhabitants use, whether they be marshy and soft, or hard and

running from elevated and rocky situations, and then if saltish and unfit for cooking; and the ground,

whether it be naked and deficient in water, or wooded and well-watered, and whether it lies in a hollow,

confined situation, or is elevated and cold

...From these things he must proceed to investigate

everything else. For if one knows all these things well, or at least the greater part of them, he cannot

miss knowing, when he comes into a strange city, either the diseases peculiar to the place, or the

particular nature of the common diseases, so that he will not be in doubt as to the treatment of the

diseases, or commit mistakes, as is likely to be the case provided one had not previously considered

these matters. And in particular, as the season and year advances, he can tell what epidemic disease

will attack the city, either in the summer or the winter, and what each individual will be in danger of

experiencing from the change of regimen.”

—Hippocrates, On Airs, Water, and Places, c. 400 B.C.

| was first employed in the field of wildlife conservation in
1956 as an assistant waterfow! biologist. Had | decided then
to join some of my colleagues in preparing a manual about
the diseases of wild birds similar to this publication, the task
would have been much simpler. The number of chapters
needed would have been far less because some of the dis-
eases described in this Manual were not yet known to exist
infree-ranging North American birdsor, if they were known,
they were not considered to be of much importance. Thisis
especially true for diseases caused by viruses; also, organo-
phosphorus and carbamate pesticides had not comeinto wide
use. Thesetypes of differencesare evident between thisField
Manual of Wi dlife Disease— General Field Proceduresand
Diseases of Birds and the Field Guide to Wi dlife Diseases
—General Field Proceduresand Diseases of Migratory Birds
that was published little more than a decade ago. The cur-
rent Manual reflects both expanded knowledge about avian
diseases and an increase in both the occurrence of diseasein
wild birds and the variety of agents responsible for illness
and death of wild birds.

L andscape changes and environmental conditionsthat are
related to them are a major factor associated with disease
occurrence in wild birds. The direct association between
environment and human health has been recognized since

Facing page quote from:

McNeill, W.H., 1976, Plagues and peoples: Anchor Press/
Doubleday, Garden City, N.Y., p. 291

ancient times and was aptly stated by Louis Pasteur, “The
microbeisnothing; theterrain everything.” Despitethiswell
documented relationship, which serves as a basic founda-
tion for addressing many human and domestic animal dis-
eases, there has been little consideration of “the terrain” as
a factor for diseases of wild birds. We must learn to “read
the terrain” in a manner similar to the teaching of
Hippocrates and apply that knowledge to disease preven-
tion or else the next edition of this Manual a decade from
now will likely include another major expansion in the num-
ber of diseases being addressed.

Although this Manual is much larger than the 1987 Gen-
eral Field Procedures and Diseases of Migratory Birds the
basic format and “terrain” approach of the previous publi-
cation were retained because of the positive comments that
were received from its users. The format, the photographs
previously used, and most of Section 1, General Field Pro-
cedures, have been basically retained, but the text for chap-
ters about individual diseases (Sections 2 through 8) has
been extensively reworked. This Manual also has separate
sectionsthat address biotoxins and chemical toxinsin addi-
tion to major expansion of the number of individual dis-
easeswithin the sections on bacterial, fungal, viral, and para-
sitic diseases. The presentationsin the various sections have
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been supplemented with introductory comments regarding
the subject area, and most sections have been highlighted
with descriptions of miscellaneous disease conditions that
may interest users and readers.

Aswith the 1987 publication, the focus of thisManual is
on conveying practical information and insights about the
diseasesin amanner that will help National Wildlife Refuge
managers and other field personnel address wildlife health
issues at the field level. The information represents a com-
posite of our understanding of the scientific literature, of
our personal experienceswith and investigations of the vari-
ousdiseases, and of information generously provided by our
colleagues within the wildlife disease and related fields. In
presenting this information, we have borrowed freely from
all of those sources. Because thisis a synoptic field manual
and not a textbook, literature citations are not provided in
support of statements. Only a small portion of the specific
literature that is the basis for the statements has been listed,
and the supplementary reading lists are intended to provide
entry into the scientific literature for more precise evalua-
tion of specific topics.

Theneed to generalize and, thus, provide apractical over-
view of complex biological situations often resultsin aloss
of precision for someinformation. We have attempted to pro-
vide detail where it is of significant importance and have
been more general elsewhere. Inall cases, we have attempted
to represent the information objectively and accurately. For
example, Appendix E presents specific brain cholinesterase
valuesthat are supported by laboratory datafor different bird
speciesto provide a baseline against which others can make
judgements about mortality due to organophosphorus and
carbamate pesticides. In contrast, representation of the geo-
graphic distribution, frequency of occurrence, and species
susceptibility associated with specific diseases is of a gen-
eral nature and is intended only for gross comparison. The
differences in these representations of general information
between the 1987 publication and this Manual are both a
positive and a negative outcome of the last decade. These
differences reflect enhanced information about disease in
wild birdsasaresult of expanded study (apositive outcome),
changes in disease patterns (a negative outcome due to ex-
pansion of disease), and both, depending on the disease.

Current understanding about wild bird diseases is being
provided by those with technical knowledge about disease

VIl

processes to those with technical knowledge and steward-
ship and conservation of our wild bird resources. Common
language has been used whenever possibleto aid in thiscom-
munication and to stimulate greater interest in wildlife dis-
ease among others who may wish to read this Manual but
who may not be familiar with some of the terms. Technical
terms have been translated in a manner that we hope will be
useful for readers as they pursue additional subject matter
detall in the scientific literature. Technical terms have also
been inserted into the text and defined where they provide
value-added precision for the statements. It is my personal
hope that a decade from now, when consideration is being
given to arevision of this Manual, that a great deal of the
preparation of the revision will be done by wildlife biolo-
gists who have become practitioners in the art of disease
prevention and control because of an enhanced understand-
ing of disease ecology that we have all gained through our
collective efforts. Thetransition hoped for is no greater than
other changes that have taken place since the 1987 publica-
tion of the origina Field Guide. At that time, the National
Wildlife Health Center (NWHC) was part of the Department
of the Interior, U.S. Fish and Wildlife Service. Since then,
the Center has become part of the Department of the Inte-
rior, U.S. Geological Survey, Biological Resources Division.
My professional situation has al so changed. Those famil-
iar with the 1987 publication will notethat | was Director of
the NWHC when that publication became available. In
December 1997, Secretary of the Interior Bruce Babbitt asked
me to accept the challenge of coordinating the science ef-
forts that will aid and guide decisions for management
actions to improve the health of the Salton Sea, California's
largest inland body of water. Recurring major disease events
involving migratory birds at the Seasince 1994 havefocused
public attention on it. These disease events became a cata-
lyst for the expansion of effortsto improve the environmen-
tal quality of the Sea, and in June 1998, a combined
National Environmental Policy Act (NEPA)/California
Environmental Quality Act (CEQA) processwasinitiated to
pursue attainment of that goal. | officially became part of
the multiagency effort to “ Save the Salton Sea” with my re-
assignment in April 1998 from Director of the NWHC to
Executive Director, Salton Sea Science Subcommittee.

Milton Friend
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Introduction to General Field Procedures

“Given the conspicuous role that diseases have played, and in many parts of the
world continue to play, in human demography, it is surprising that ecologists have
given so little attention to the way diseases may affect the distribution and
abundance of other animals and plants. Until recently, for example, ecology
textbooks had chapters discussing how vertebrate and invertebrate predators
may influence prey abundance, but in most cases you will search the index in

vain for mention of infectious diseases.” (May)

A basic premise for the preparation of this Manual is that
disease in free-ranging wildlife is of concern and that dis-
ease prevention and control are desirable actions. However,
these are not universally held perspectives. There are those
who when confronted with disease outbreaks in free-rang-
ing wildlife ask — “Why bother?’ Also, the same individu-
als who may reject the need for response to one situation
may demand a response to another situation. We acknowl-
edgeinthisManual the existence of this question by making
reference to it, but we do not offer a direct response. To do
so would require this Manual to address the full spectrum of
individually held values, perspectives, interests, and beliefs
within human society that form the basis for the underlying
issueswhich create the question of “why bother?’ Thosefac-
torswould also need to be addressed within a context of the
different roles and responsibilities of public agencies, and
would need to include some additional considerations. Such
an undertaking is outside the scope and purpose of this
Manual. Although no direct responseis offered, readerswill
gain considerable information regarding disease occurrence
and impacts in the chapters that follow. This information
should be of value in assisting readers to address the ques-
tions of “why bother?’ from their own set of values and in-
terests.

Quote from:

May, R.M., 1988, Conservation and disease: Conservation
Biology, v. 2, no. 1, p. 28-30.

2 Field Manual of Wildlife Diseases: Birds

Section 1 of the Manual provides basic information re-
garding general field procedures for responding to wildlife
disease events. Field biologists provide a critical linkage in
disease diagnostic work and greatly affect the outcome of
the laboratory efforts by the quality of the materials and in-
formation that they provide. The chaptersin this section are
oriented towards providing guidance that will assist field bi-
ologists in gathering the quality of information and speci-
mens that are needed. Readers will find information regard-
ing what to record and how; guidance for specimen collec-
tion, preservation, and shipment; and how to apply euthana-
siawhen such actions are warranted. Disease operations are
managed at the field level and they can be aided by general
preplanning that can be utilized when disease emergencies
arise; therefore, contingency planning isincluded within the
Disease Control Operations chapter. Disease control tech-
niques, including equipment that is used, are the main focus
for thishighly illustrated chapter. Section 1 isconcluded with
a chapter about the proper care and use of wildlifein field
research. The guidelines provided addressthe continual need
to consider animal welfarein all aspects of wildlife manage-
ment.



Chapter 1

Recording and Submitting
Specimen History Data

History can be defined as a chronological record of signifi-
cant events. In wildlife disease investigations, determining
the history or background of a problem is the first signifi-
cant step toward establishing a diagnosis. The diagnostic
process is often greatly expedited by a thorough history ac-
companying specimens submitted for laboratory evaluation.
Thisinformation isalsoimportant for understanding the natu-
ral history or epizootiology of disease outbreaks, and it is
difficult, if notimpossible, to obtain the history after the out-
break has occurred. Detailed field observations during the
course of adie-off and an investigation of significant events
preceding it also provide valuable information on which to
base corrective actions. The most helpful information isthat
which is obtained at the time of the die-off event by a per-
ceptive observer.

What Information Should Be Collected

What seems irrelevant in the field may be the key to a
diagnosis; therefore, be as thorough as possible. Avoid pre-
conceptionsthat limit theinformation collected and that may
imperceptibly biastheinvestigation. A sample specimen his-
tory form, which lists some categories of information that
arehelpful, isinAppendix A. A good description of unusual
behavior or appearance, if any, an accurate list of what spe-
cies were affected, and the number of animals that died are
critical pieces of information. Send specimens and the writ-
ten history to the laboratory as soon as possible. Photographs
can be helpful if they convey specific information, such as
environmental conditions during a die-off and the appear-
ance of sick wildlife or grosslesions (Figs. 1.1, 1.2).

Figure 1.1 Examples of poor and good photography to record
environmental conditions associated with wildlife disease prob-
lems. (A) Landscape photo displays topography and presence
of a power line that may or may not be involved with the mor-
tality event. Neither of the major factors involved with this event
can be clearly seen. (B) Closeup photograph clearly shows
both the species involved and the peanuts that proved to be
contaminated with the mycotoxins that were the source of the
problem. (C) Closeup photograph of sick bird clearly illustrates
clinical signs of wing and neck droop; and the snow indicates
the season.

Photos by Ronald Windingstad
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Figure 1.2 The observer may use photography to illustrate field observations associated with wildlife morbidity and mortality.
(A) For example, when sick birds are left undisturbed or approached quietly, they often remain motionless along the water’s
edge with their heads hanging down. When startled, these birds may attempt to escape by propelling themselves with their
wings across water (B) or land (C) but are unable to fly. (D) This bird has lost the use of its legs, a common occurrence with avian
botulism and certain toxins such as organophosphorus or carbamate compounds.

The following basic information is helpful for diagnos-
ing the cause and assessing the severity of awildlife health
problem. Waterfowl are used as an illustrative example.

Environmental Factors

Determine if the start of mortality coincided with any
unusual event. Environmental changes such as storms, pre-
cipitation, and abrupt temperature changes are potential
sources of stress that can contribute to disease outbreaks. A
food shortage may degrade the condition of birds and in-
crease their susceptibility to disease. Water-level changesin
an area may concentrate or disperse birds, alter the accessi-
bility of toxinsin food or water, or cause an invertebrate die-
off that could lead to an avian botulism outbreak. Attempt to
determine whether or not biting insect populations have in-
creased or if such insects are present, because some insects
are carriers of blood-borne infections in waterfowl.

The quality of the water used as a source for an impound-
ment may contribute to disease or mortality; for example,
poor water quality may contribute to avian botulism or may
be a primary cause of mortality if water contamination by
toxic materials and substances such as oil, which can affect
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the integrity of feathers, is severe. Record recent pesticide
applications and other habitat or crop management practices
aswell as previous disease problemsin the area.

Estimating Disease Onset

When estimating the onset of disease, consider: (1) the
earliest date when on-site activities could have resulted in
the detection of sick or dead birds, if they were present, and
the actual date when diseased birds were first seen, and (2)
the proportion of fresh carcasses compared with the number
of scavenged and decomposed carcasses. The abundance and
types of scavengers and predators can be used to predict how
long carcasses remain in the area. Other useful information
about the onset of mortality can be gained from noting any
differences in plumage, including stage of molt, if present,
between live and dead birds. Size differences between live
and dead nestlings and fledglings may also provide useful
information for comparison with known growth rates. Also,
air, water, and soil temperatures will affect the speed of de-
composition and they should be considered in assessing how
long birds have been dead. Include these observationsin the
history.

Photos by Milton Friend



Species Affected

Much can be learned by knowing what species are dying.
Those species present but unaffected are especially impor-
tant to note, because some diseasesinfect anarrow host range
and othersinfect awide variety of species. For example, duck
plague affects only ducks, geese, and swans, but avian chol-
era affects many additional species of water birds as well.
Species with similar feeding habits may be dying as aresult
of exposureto toxins, while birdswith different food require-
ments remain unaffected.

Age

Some disease agents may kill young birds but leave adults
unaffected because of age-related disease resistance; other
diseases kill birds of all ages, although young or old birds
may be more susceptible because of additional stress placed
on these age groups. When toxins are involved, differences
in food habits may result in exposure of young birds, but not
of adult birds, or vice versa.

Sex

Sex differences in mortality may be apparent in colonial
nesters where females are incubating eggs, or in other situa-
tions where the sexes are segregated.

Number Sick/Number Dead

Thelonger adiseasetakestokill, themorelikely it isthat
significant numbers of sick birdswill be found. For example,
more sick birds will probably be observed during an avian
botulism die-off than during an outbreak of a more acute
disease such as avian cholera.

Clinical Signs

When observing sick birds, describe the clinical signsin
as much detail as possible. Include any abnormal physical
features and describe unusual behaviors, such asasick bird’s
responseto being approached. Photographs (Fig. 1.2) of vari-
ous behaviors or conditions associated with a disease can be
especially useful and should be included with the history.

Population at Risk

Try to determine what species, and in what numbers, are
in the vicinity of the die-off. This information can provide
cluesabout the transmissihbility of disease, and it may be use-
ful during control efforts.

Population Movement

Record recent changes in the number of birdsin the area,
aswell asthe species present. In particular note the presence
of endangered species. If bird numbers have increased, try
to determine where they came from; if bird numbers have
decreased, attempt to determine where they have gone. This
can often be accomplished when population movements are
being monitored for census, hunting forecasts, and other

purposes. State, Federal, and private refuge personnel and
other natural resources managers are good primary sources
of information.

Specific Features of Problem Areas

Describe the location of adie-off so that arelatively spe-
cific area can be identified on aroad map. Also include any
available precise location data, such as global positioning
information or data that will facilitate entering of specific
locations into geographical information system databases.
Describe the problem area in terms that are sufficiently
graphic so that someone with no knowledge of it can visual-
ize its major characteristics, such as topography, soil, veg-
etation, climate, water conditions, and animal and human
use.

Example description of die-off location

The problem areais a 10-acre freshwater pond located
inTeno County, North Carolina, 1/2 mile east of County
KV, 5 miles north of Highway 43. The pond has an
average water depth of 6-12 feet and asandy substrate.
Vegetation around the pond border is bullbrush and
reed canary grass. The surrounding uplands are essen-
tially flat for one-half milein all directionsand liefal-
low, covered with grasses and some shrubs. The area
is coastal with enough relief to prevent saltwater in-
trusion into the pond even during major storms.
Weather for the past 2 weeks has been pleasant and
there has been no precipitation. Daytime temperatures
are currently in the mid-80s (°F) and evening tempera-
turesinthe 70s. Thisis an isolated body of freshwater
with good clarity, and sustains several hundred water-
fowl, gulls, and small humbers of wading birds and
shorebirds, and healthy warm water fish and amphib-
ian populations. Cattle graze the adjacent area. There
areno residential or industrial buildings within 1 mile
of thesite. Human visitation isfrequent for bird watch-
ing, fishing, and hiking. Companion animals such as
dogs are allowed on the area.

Identify where sick and dead birds are found. Especially
note the locations of groups of dead birds and any differ-
ences of habitat where dead and sick birds are found. Birds
found in agricultural fields may be dying of pesticide expo-
sure, birds with more chronic toxicoses usually seek dense
cover, and birds dying of acute diseases may be found in a
variety of situations. Check any relation between specific
bird use of the area and the location of affected birds, such
asroost sites, loafing areas, and feeding sites.

If followup investigations are conducted after specimens
have been submitted, summarize the findings and observa-
tions of those investigations in a supplemental report to the
original history. Maintain a copy of the new report in station
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files, and provide a copy to the diagnostic laboratory where
the specimens were sent. Both reports should contain the
dates of the investigations, whether air or ground searches
were performed, the number of investigators and the time
spent on the investigation, the weather conditions, and the
time of day when the site was investigated.

The insight provided by good specimen history data and
by field observationsisinvaluableto disease specialists. This
information enhances understanding of the ecology of dis-
ease, thereby serving as a basis for developing ways to pre-
vent future die-offs or to reduce the magnitude of losses that
might otherwise occur.

J. Christian Franson

Supplementary Reading

Wobeser, G.A., 1994, Investigation and management of diseasein
wild animals: New York, N.Y., Plenum Press, 265 p.
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Chapter 2

Specimen Collection and Preservation

Specimens are used to provide supporting information lead-
ing to the diagnosis of a cause of disease or death. A speci-
men may beanintact carcass, tissuesremoved from carcasses,
parasites, ingested food, feces, or environmental samples.
The specimen should be as fresh and undamaged as pos-
sible.

Choosing a Specimen

An entire, fresh carcassis the best specimen to submit to
the laboratory for diagnosis. This allows the diagnostician
to assess all of the organ systems and to use appropriate or-
gansfor different diagnostic tests. Obtain the best specimens
possible for necropsy; decomposed or scavenged carcasses
are usually of limited diagnostic value. A combination of
sick animals, animal sthat were euthanized after clinical signs
were observed and recorded, and some of the freshest avail-
able carcasses compose an ideal specimen collection. The
method of euthanasia should not compromise the diagnostic
value of the specimen (see Chapter 5, Euthanasia). More than
one disease may be affecting the population simultaneously,
and the chances of detecting multiple diseases will be maxi-
mized if both sick and dead animals are collected. Speci-
mens submitted should be representative of the speciesin-
volved. If more than one species is affected, collect several
specimens of each species; try to obtain a minimum of five
Specimens per species.

Tissue Collection

The primary consideration when collecting carcasses or
tissues for diagnosis should be personal safety. Some wild-
life diseases are transmissible to humans, and every carcass
should be treated as a potential health hazard. Wear dispos-
able rubber or plastic gloves, coveralls, and rubber boots. If
gloves are not available, inverted plastic bags may be used
(Fig. 2.1). Before leaving an area where carcasses are being
collected, double-bag used gloves and coveralls, and disin-
fect boots and the outside of plastic bags with acommercial
disinfectant or a 5 percent solution of household chlorine
bleach. Also, double-bag specimensin plastic before remov-
ing them from the area. These precautions will help protect
the people in the field and minimize transmission of disease
to unaffected wildlife popul ations.

If it isimpossible to submit an entire carcass for diagno-
sis, appropriate organs must be removed from specimens. If
possible, do not dissect carcasses in the field without first
consulting disease specialists about methods of dissecting
and preserving tissues or parasites or both. Assistance can
be obtained from a variety of sources (Appendix B). It is

Figure 2.1 Use a plastic bag to protect hands from direct
contact with animal tissues during the collection of specimens
if plastic or other waterproof gloves are not available. (A) Grasp
bag at the bottom and (B) with other hand pull open end down
over hand holding bag (C). Repeat for the “unbagged” hand.
Reversing this process when handling small specimens will
automatically place specimens in the bag, which then need
only be sealed and put into a second bag for packaging and
shipment.
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best to become familiar with these sources and their ability
to provide specific types of assistance before an emergency
arises. The basic supplies and equipment that should be in-
cluded in afield kit for specimen collection will vary with
the species being sampled and the types of analyses that will
be conducted. Keep asmall kit packed in aday pack for ready
use (Fig. 2.2). Sources of supplies used for collecting, pre-
serving, labeling, and shipping specimens are listed in
Appendix C.

Whirl-Pak® bags are very effective containers for tissue
specimens. Thesebags have asterileinterior, are easy to carry
in the field, and can be used to hold a variety of samples
(Fig. 2.3). Specimen identification should be written directly
on the bag with an indelible marker.

If lesions are noted, collect separate tissue samples for
microscopic examination, microbiology, toxicology, and
other analyses. With a sharp knife or scalpel cut athin (1/8—
1/4 inch, 3-6 millimeter) section of tissue that includes all
or portions of the lesion and adjacent apparently healthy tis-
sue (Fig. 2.4). Take care not to crush tissue in or around the
lesion. Placethetissue samplein avolume of |0 percent buff-
ered formalin solution equal to at least 10 times the tissue
volume to ensure adequate preservation. Formalin is classi-
fied as hazardous; take appropriate measures to prevent skin
contact or vapor inhalation. Jars, such as pint or quart can-

ning jars, are convenient containers for preservation of tis-
sues, but wide-mouth plastic bottles (Fig. 2.5) eliminate the
potential breakage problems. After 2 or 3 daysin 10 percent
formalin, tissues can be transferred to Whirl-Pak® bags that
contain enough formalin to keep the tissues wet. Write the
specimen identification with indelible marker or pencil on a
piece of index card, place the card inside the bag, and write
the information directly on the bag with indelible marker.
Pack the bags for shipping so as to prevent tissues from be-
ing crushed. Check with the courier regarding current re-
quirements or restrictions for shipment of formalin.

If itisnecessary to collect ablood sasmplefromalivebird
(if, for example, botulism is suspected), and syringes and
needles are not available, sever the bird’s head from its neck
and collect the blood in awide-mouth plastic jar.

Photographing external and internal lesions provides a
record of the color, location, and appearance of lesionswhen
appropriate cameraequipment isavailable. Useamacro lens,
high speed film, and a fast shutter speed to achieve maxi-
mum depth of field and sharply focused photographs with a
hand-held camera. Includein the photograph for scaleacoin
or another readily recognized indicator of actual size. Ex-
plain on the history form submitted with the specimenswhat
photographs were taken.

Figure 2.2 A basic necropsy kit that can be packed into a small day pack. Clockwise,
from top of photo: Data recording: field notebook, tags, pencils, markers. Protective
apparel: rubber gloves, disposable shoe covers and coveralls, mask. Necropsy equip-
ment: disinfectant for cleaning instruments, scrub brush, heavy shears, forceps, scis-
sors, scalpel handle and blades. Measuring equipment: hanging scale and ruler. Sam-
pling materials: microscope slides, syringes and needles, swabs, blood tubes, aluminum
foil, Whirl Pak® bags, plastic bags, wide mouth plastic jars. Preservatives: ethanol for
parasites, formalin for tissue samples.
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Figure 2.5 Plastic bottles used for tissue
specimens. Regardless of size or shape,
specimen bottles should have a wide mouth
and threaded caps for secure closure.

Figure 2.3 Using Whirl-Pak® bag for specimen collection.
(A) Remove top at perforation. (B) Open bag by simultaneously
pushing the protruding wire-reinforced tabs toward the center
to insert the specimen and any appropriate preservative.
(C) Close bag by pulling on tabs and then twirling bag while
holding tabs. (D) Secure the closure by folding tabs around
bags and label bag with type of specimen, date, and any iden-
tifying numbers.

Figure 2.4 Tissue sample collection for microscopic exami-
nation. (A) Tissue sample should include lesion, such as spots
in liver, plus some apparently healthy tissue. The sample must
be no thicker than 1/4 inch to ensure adequate chemical fixa-
tion by preservative. Use as sharp an instrument as possible
(scalpel, knife, razor) for a clean cut. (B) Place tissue sample
into container of 10 percent buffered formalin or other suitable
fixative or preservative. The volume of formalin in the con-
tainer should be about 10 times the amount of tissue sample.
(C) Complete the process by securing the lid and properly
labeling the container.

Specimen Collection and Preservation 9
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Figure 2.6 Dissecting a duck carcass: (A) incision line; (B) reflect the skin to expose the underlying anatomy; (C) make a
transverse abdominal cut below the breast muscle; (D) extend cut through the ribs and wishbone; (E) remove breast plate; (F)
dissect out heart; (G) remove liver; and (H) tie off and remove the gastrointestinal tract.
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Avian Dissection

When dissecting a bird, it is always advisable to
wear protective clothing, particularly disposable
gloves. To begin, insert ascalpel or aknifeto makea
midline incision through the skin of the breast (Fig
2.6 A). Take care not to penetrate the body cavity,
particularly in the abdominal region. Continue the
skin incision to the vent and to the base of the bill.
Reflect the skin away from the neck, breast, and ab-
dominal areas. (B) Use the thumb and the first fin-
ger of each hand to reflect the skin to expose the
underlying tissues. It is easiest to place the thumb
and the first finger of each hand along the incision
line in the breast area and then push and gently pull
the skin to the side. When an opening in the skin has
been established, work towards the bill and then the
vent. (C) With a sharp blade, make a shallow trans-
verseincision just below the breast muscles and ster-
num. (D) Insert the thumb of one gloved hand into
the incision along the midpoint of the sternum and
apply a slight pressure upwards. With a scissors in
the other gloved hand, carefully cut through the ribs
extending the cut on each side of the breast through
the area of the wishbone. (E) Gently separate the
breastplate from the carcass; use a scissors or other
instrument to sever any connections and push aside
theair sacs. (F) Dissect out the heart without cutting
into other tissues. (G) Gently remove the liver and
carefully cut away its area of connection with other
tissues. (H) Tie off the gastrointestinal tract near the
throat area, cut the esophagus above thetied-off area,
and gently remove the entire gastrointestinal area.

Avian Anatomy

Figure 2.6 illustrates organs and tissues that may
exhibit various lesions and that may be sampled for
the diagnosis of disease agents described in this
Manual. Species variation may result in
some differencesin the appearance and
relative size of particular organs and
tissues, but their location will be
similar among species. Notable dif-
ferences between the types of spe-
ciesillustrated are the small flat
spleen in normal ducks and the
larger oval spleen in pheasants.
Also, pheasants have a crop and
ducks do not; instead, the area
just forward of the gizzard (the
proventriculus) is more prom-
inant in waterfowl.
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Labeling Specimens

Proper labeling, maintaining label readability, and pre-
venting label separation from specimens are as critical as
proper specimen selection and preservation. Thelabel should
be as close to the specimen as possible; for example, alabel
should be attached to a carcass, attached to a tube of blood,
or placed within the vial of preservative with a parasite.
Doublelabeling, or placing alabel on the outside of aplastic
bag holding the specimen whenever practical, is worth the
effort. The double labeling prevents confusion and potential

Figure 2.7 Proper tagging of specimen. History of the speci-
men (see text for details) should be placed on back of tag.

errorsin specimen records at the diagnostic |aboratory when
specimens are received from multiple carcasses. Manilatags
can be used, but take care to prevent their exposure to large
amounts of fluids that may destroy the tag; tag destruction
can be reduced by using tags with high rag content or even
linen tags. Use soft lead pencil or waterproof ink on these
tags; do not use ballpoint pen, nonpermanent ink, or hard
lead pencil. The most durabletag is made of soft metal, such
as copper or aluminum, and can be inscribed with ballpoint
pen, pencil, or another instrument that leaves an impression
on the tag.

Carcass

Identify each carcass with a tag fastened with wire to a
leg (Fig. 2.7). If tags are not available, use a 3- by 5-inch
card placed inside a plastic bag within the bag holding the
carcass. |nformation on the tag should include the name, ad-
dress, and tel ephone number of the submitter, collection site,
species; whether the animal was found dead or was eutha-
nized (indicate method); and abrief summary of any clinical
signs. Place each tagged carcass in a separate plastic bag
and seal the bag.

12 Field Manual of Wildlife Diseases: Birds

Tissues and Organs

When aspecimenisin aplastic bottle, jar, or tube, wrap a
piece of adhesive or masking tape entirely around the con-
tainer and use an indelible marker to write on the tape. List
the type of animal from which the sample was taken, the
kind of tissue, and the date the sample wastaken. When plas-
tic bagsare used asthefirst containersfor tissues, they should
belabeled with the same information directly on the bag. Do
not insert tags inside containers with tissues and organs col-
lected for microbiological or chemical analyses because the
tag or the ink on it may contaminate the specimen. When
chemically resistant tags are available, insert the tags into
containers with preservatives such as formalin or alcohol.

Specimen Preservation

Chill or freeze all specimens, depending on how long it
will taketo ship to adiagnostic laboratory. Freezing reduces
the diagnostic usefulness of carcasses and tissues, but if speci-
mens must be held for 2 or more days, freezing the speci-
mens as soon as possible after collecting them minimizes
their decomposition. Formalin-fixed tissues should not be
frozen. See Chapter 3, Specimen Shipment, for detailed in-
structions for packing and shipping specimens.

J. Christian Franson

(All illustrations in this chapter are by Randy Stothard Kampen, with the exception of
Figure 2.6)

Supplementary Reading

Roffe, T.J., Friend, M., and Locke, L.N., 1994, Evaluation of
causes of wildlife mortality, in Bookhout, T.A., ed., Research
and Management Techniques for Wildlife and Habitats (5):
Bethesda, Md., The Wildlife Society, p. 324-348.

Wobeser, G.A., 1997, Necropsy and sample preservation tech-
niques, in Diseases of wild waterfow! (2nd ed): New York,
N.Y., Plenum Press, p. 237-248.



Chapter 3
Specimen Shipment

Procedures for shipping specimens vary with different dis-
ease diagnostic laboratories. Therefore, it is important to
contact the receiving laboratory and obtain specific shipping
instructions. Thiswill facilitate processing of specimenswhen
they reach the laboratory and assure that the quality of speci-
mensis not compromised. Time spent on field investigation,
specimen collection, and obtaining an adequate history will
beof little value if specimens become contaminated, decom-
posed, or otherwise spoiled during shipping to the diagnos-
tic laboratory.

There are five important consider-
ations for proper specimen shipment:
() prevent cross-contamination from { |
specimen to specimen, (2) prevent de- Jf‘

" . YUY
composition of the specimen, (3) pre-
vent leakage of fluids, (4) preservein-
dividual specimen identity, and (5)
properly label the package. Basic sup-
plies needed for specimen shipment are
shownin Fig. 3.I.

Tags

Primary containers

Preventing Breakage and
Leakage

Isolate individual specimens from
one another by enclosing themin sepa-
rate packages such as plastic bags. Pro-
tect specimensfrom direct contact with
any coolant used (e.g., wet ice or dry
ice), and contain all materials within
the package so that leakage to the out-
side of the shipment container is pre-
vented if breakage occurs (e.g., blood
tubes) or materials thaw (wet ice and
frozen carcasses) due to transit delays.

Plastic bags

Styrofoam® coolers and sheets

Containing Specimens

Plastic bags should be strong
enough to resist being punctured by

Miscellaneous

—_—

=

materials contained within them and \
from contact with other containers A
within the package. Strapping tape
Styrofoam® coolers, sh|ppe_d.|n () e
cardboard boxes, are useful for their in- > Y ‘/g

sulating and shock absorbing qualities.
Styrofoam® at least 1-inch thick is
preferred. When possible, select
Styrofoam® coolers that have straight
sides. Coolersthat are wider at the top

1=

Specimen identification

=

éz/f/ =
l7

Secondary containers

Ao 9 =F

|

Plastic containers

than at the bottom are more likely to break during transit
than those with straight sides. Fill the space between the
outside of the Styrofoam® cooler and the cardboard box with
newspaper or other packing material to avoid cooler break-
age (Fig. 3.2). If coolers are not available, cut sheets of
Styrofoam® insulation to fit the inside of cardboard boxes.
The cardboard box protects the Styrofoam® cooler from
being crushed during transit and serves as containment for
the entire package (Fig. 3.3). The strength of the box should

;((

Specimen tubes Metal cans with lids

Insulated ice chest Cardboard boxes

R
T

Indelible markers Chemical ice packs

Dry or wet ice

Figure 3.1 Basic specimen shipment supplies.
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Figure 3.2 Proper packing to prevent Styrofoam® coolers
from becoming crushed during transit. Place the sealed
Styrofoam® cooler in a sturdy cardboard box. Use crumpled
newspaper or other packing material to fill all space between
the cooler and the box.

Figure 3.3 This Styrofoam® cooler
was not packaged in a cardboard box
for shipping.

Figure 3.4 Chemical coolants are available in (A) soft plas-
tic, (B) hard plastic, and (C) metal containers.
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be consistent with the weight of the package. Cardboard
boxes are not needed when hard plastic or metal insulated
chests are used for specimen shipment, but boxes can be used
to protect those containers from damage and to provide a
surface for attaching labels and addresses to the shipment.

Cooling and Refrigeration

Chemical ice packs (Fig. 3.4) are preferable to wet ice
because their packaging prevents them from leaking when
they thaw. |ce cubes or block ice may be used if |leakage can
be prevented. This can be accomplished most easily by fill-
ing plastic jugs such as milk, juice, and soda containerswith
water and freezing them. The lids of these containers should
be taped closed to prevent them from being jarred open dur-
ing transit.

Use dry ice to keep materials frozen, but do not use it to
ship specimens that should remain chilled because it will
freeze them. Also, the carbon dioxide given off by dry ice
can destroy some disease agents; this is of concern when
tissues, rather than whole carcasses, are being shipped. Ship-
ment of dry ice, formalin, and alcohol isregulated and should
be cleared with the carrier before shipping.

Preparing Specimens for Shipment to the
National Wildlife Health Center (NWHC)

Other disease diagnostic laboratories may require minor
variationsin shipping procedures.

1. Call the NWHC (608-270-2400) to determine the op-
timal type and number of specimens for diagnostic proce-
dures, how these specimens are best preserved during transit
(whether they should be chilled or frozen), and when they
should be shipped. In most cases, the NWHC requests that
specimens be shipped the same day or within 24 hours.

2. Double-bag carcasses (Fig. 3.5) and place them in a
Styrofoam® cooler lined with a plastic bag. When both fro-
zen and fresh whole carcasses are shipped in the same con-
tainer, the frozen carcasses can be used as a refrigerant to
keep the fresh carcasses chilled. This can be accomplished
by interspersing individually bagged frozen carcassesamong
theindividually bagged fresh carcassesor by placing thefresh
carcasses between two layers of frozen carcasses (Fig. 3.6).
Blood tubes and other breakable containers of uniform size
can be protected by packing them in a common plastic bag
that is sealed within a metal can or a hard plastic container
with a lid (Fig. 3.7). Pack any space around the specimen
containers within the can (side and top) with paper or some
other absorbent material to prevent jarring that could cause
breakage and to collect fluidsif tubes do break. Seal the can
withinaplastic bag beforeplacing it in the Styrofoam® cooler.

3. When using chemical ice packs, intersperse them
among specimens; place within the Styrofoam® container
other types of coolants in locations that will provide maxi-
mum cooling for all contents or, if dry ice isused, will keep
everything frozen (Fig. 3.8). Fill all empty space within the



Styrofoam® cool er with newspaper to prevent materialsfrom
moving during transit. The insulating properties of newspa-
per will also help maintain cool temperatureswithin the pack-
age, and its absorbent qualities will help prevent fluid |eak-
age outside of the box or container.

4. Close the plastic bag lining the cooler and seal thelid
with strapping tape (Fig. 3.9). Tape the specimen data sheet
and history, contained in an envelope within a waterproof
plastic bag, to the top of the cooler (Fig. 3.10A).

5. Enclose the Styrofoam® cooler in a cardboard box and
secure the contents with strapping tape (Fig. 3.10B).

Individual car-

Figure 3.5
casses should be double-
bagged to prevent leakage
of fluids and cross-contami-
nation of specimens.

Figure 3.6 Frozen carcasses (white
bags) can be used to keep fresh speci-
mens (dark bags) chilled during short
transit times of 24 hours or less. Fill the
space between the carcasses and the
top of the container with newspaper to
provide additional insulation to maintain
the cold temperature.

Figure 3.7 Packing sequence for blood tubes. (A) Pack blood
tubes within Whirl-Pak® or other plastic bag; (B) place bag in
metal can or hard plastic container and pack with crumpled
newspaper or other absorbent, soft, space-filling material; and
(C) enclose the can in a plastic bag, then seal the bag.
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Figure 3.8 Packing specimens for shipment when (A) ice
packs (B) wet ice, and (C) dry ice are used as coolants. Note
that the shipping container is always lined with a large plastic
bag.
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Figure 3.9 Closing a specimen container. (A) Secure the
large plastic bag containing the specimens by tying the top;
(B) close the container lid and (C) secure the container with
several bands of strapping tape.

e

Figure 3.10 Completing the packaging process. (A) Tape
specimen data sheet and history, contained in an envelope
within a waterproof plastic bag, to top of cooler. (B) Place cooler
in cardboard box, secure box with several bands of strapping
tape, and secure another copy of the specimen data sheet to
the outside of the box. If the specimens were placed inside a
Styrofoam® cooler, then use crumpled newspaper or other
packing material to fill all spaces between the cooler and the
box.




Federal Shipping Regulations for
Packaging and Labeling

Your packaging and labeling of specimens must conform
to the following regulations.

The Code of Federal Regulations (CFR) states under 50
CFR Part 14 of Fish and Wildlife Regulations that contain-
ers with wildlife specimens must bear the name and address
of the shipper and consignee, and a list of the species and
numbers of each species must be conspicuously marked on
the outside of the container. You may instead conspicuously
mark the outside of each package or container with theword
“wildlife” or the common names of the species contained
within the package. Secure an invoice or packing list that
includes the name and address of the consignee and shipper
and that accurately states the number of each species con-
tained in the shipment to the outside of one container in the
shipment.

In addition to Fish and Wildlife Service regulations, the
interstate shipment of diagnostic specimensis subject to ap-
plicable packaging, labeling, and shipping requirements for
disease-causing etiologic agents (42 CFR Part 72). These
regulations do not require you to identify diagnostic speci-
mens as etiol ogic agents when the disease agent is not known
or is only suspected. However, all specimen packages sent
to the NWHC should be prominently labeled with the words
“DIAGNOSTIC SPECIMENS.” You can meet packaging
requirements under 42 CFR Part 72 by following recommen-
dations 2 through 5 above for enclosing specimens within
two containers before enclosing them within the package.

Hazardous Materials Regulations of the Department of
Transportation apply whenever dry ice is contained within
the shipping container (49 CFR Part 172, 173, 175). Always
call the carrier ahead of time for the current shipping and
package labeling requirements. At the time of this writing,
the following must be clearly visible on containers with dry
ice: DRY ICE 9, UN1845, weight of dry ice (kilograms), a
hazardous materials miscellaneous 9 sticker, and the com-
plete addresses of the shipper and recipient. The dry ice
labeling should go on the side of the container, so it isvis-
ibleif something is stacked on top of it. Always include the
words “DIAGNOSTIC SPECIMENS (WILDLIFE)” on the
container. A properly labeled container isillustrated in Fig.
3.11. Label containers with permanent markers, if possible.

Commercial Carriers

Specimens should be shipped by carriersthat can guaran-
tee 24-hour delivery to the location of the diagnostic labora-

Top of box

From:
Complete return address

To:

National Wildlife Health Center
6006 Schroeder Road
Madison, WI 53711

Diagnostic Specimens (Wildlife)

Side of box

DRY ICE 9
UN1845
1x _ kg

dlh

Figure 3.11 Proper package labeling.

tory. For many locations, commercial delivery services will
pick up packages at the point of origin. When shipping ar-
rangements have been made, contact the NWHC again and
providetheairbill number and estimated time of arrival. This
information is needed to allow prompt tracing of shipments
that may not arrive on schedule and to schedule work at the
laboratory.

J. Christian Franson

(All illustrations in this chapter are by Randy Stothard Kampen, with the exception of
Figure 3.11)

Supplementary Reading

Code of Federal Regulations. Title 42; Part 72
Code of Federal Regulations. Title 49; Parts 172, 173, 175.
Code of Federal Regulations. Title 50; Part 14.

Specimen Shipment 17
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Chapter 4

Disease Control Operations

Individual disease outbreaks have killed many thousands of
animals on numerous occasions. Tens of thousands of mi-
gratory birds have died in single die-offs with as many as
1,000 birds succumbing in 1 day. The ability to successfully
combat such explosive situationsis highly dependent on the
readiness of field personnel to deal with them. Because many
disease agents can spread through wildlife populations very
quickly, advance preparation is essential for preventing in-
fected animals from spreading disease to additional species
and locations. Carefully thought-out disease contingency
plans should be developed as practical working documents
for field personnel and updated as necessary. Well-designed
plans can proveinvaluablein minimizing wildlifelossesand
the costs associated with disease control activities.

Although requirements for disease control operationsvary
and must betailored to each situation, all disease contingency
planning involves general concepts and basic biological in-
formation. This chapter, which is intended to be a practical
guide, identifies the major activities and needs of disease
control operations, and relates them to disease contingency
planning.

Planning Activities

Identification of Needs

Effective planning for combating wildlife disease out-
breaks requires an understanding of disease control opera-
tions and the basic needs such as personnel, equipment and
supplies, permits, etc, that are associated with them (Tables
4. and 4.2). Thisinformation is the basis of disease contin-
gency planning (Table 4.3; Figs. 4.1 and 4.2).

Biological Data Records

All disease outbreaks consist of three main components:
a susceptible host popul ation, a disease agent interface, and
the environment in which the host and agent interact in a
manner that resultsin disease. Disease control involves break-
ing the connections between these factors. Disease contin-
gency plans expedite these efforts by providing basic infor-
mation about the distribution and types of animal popula
tions in the area, animal movement patterns, any history of
disease problemson the area, and general environmental fea-
tures. Thisinformation, along with facts gathered at thetime
of a disease outbreak, provides a profile for biological
assessment and a basis for specific disease control actions.

Knowledge of the types of disease problems that have
occurred in the area, their general locations, the month and
year when they occurred, the species affected, and the gen-

eral magnitude of losses is also of considerable value for
planning aresponse to a disease outbreak. |ncorporate a his-
torical summary in tabular form in the contingency plan
(Table 4.4). Animal population data are best represented by
simple graphs and charts that convey general characteristics
(Fig. 4.3); precise data are not needed. Generalized outline
maps are useful for depicting concentration and feeding
areas used by wildlife (Fig. 4.4) and major movement pat-
terns (Fig. 4.5).

Figure 4.1 (A) Station brochures, animal lists, and other
public-use documents provide a wide variety of site-specific
background information and should be included as part of the
station’s disease contingency plan. (B) Documents contain-
ing maps of the area indicating access points provide essen-
tial information.
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Clean area

Contaminated area

EXPLANATION
@ Command post and headquarters administrative area
@ staff and press briefing room
@ Parking
@ Eating area and conference room
® Staff rest area and visitors' center
® Equipment and supply receipt—garage
@ Decontamination areas—boathouses, transition areas, parking lots
@ Carcass disposal site and observation hill
© Animal holding—pole barn (has cement slab and electricity)
40 Laboratory investigations—shed (has cement slab, water, electricity)

Figure 4.2 Existing work areas used for disease control operations on a wildlife management area.
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Response Activities

Response to wildlife die-offs will vary somewhat with
the species but will always involve a set of common factors.
Waterfowl die-offs are used to illustrate specific approaches
to addressing these common factors. For large mammals, their
sizeand weight pose additional needsregarding carcasstrans-
port and disposal.

Problem Identification

Early detection and rapid and accurate assessment of the
causes of disease problems are essential to effective disease
control operations. Thisisaccomplished through surveillance
of animal populations to detect sick and dead wildlife, and
the prompt submission of specimens to qualified disease
diagnostic facilities. The speed with which large numbers of
animals can become exposed to disease agents and the dif-
ferences in control activities required for different types of
disease problems place a premium on both the speed and
accuracy of diagnostic assessments. Once a disease problem
has been identified, the following basic activitiesare carried
out.

Carcass Removal: Protective Clothing and Supplies

Wildlife that have died from disease are often a primary
source of the disease agent, and for most situationstheir car-
casses need to be removed from the environment to prevent
disease transmission to other animals through contact with
or consumption of the carcass. Disease organisms released
from tissues and body fluids as carcasses decompose also
contaminate the environment. Some disease-causing viruses
and bacteria can survive for several weeks or longer in pond
water, mud, and soil.

Because carcass collection concentrates diseased mate-
rial in asmall area, it is essential that carcasses be handled
so that they do not releaseinfectious agentsinto the environ-
ment or jeopardize the health of personnel. Great care also
needs to be taken to prevent mechanical movement of the
disease agent from the problem area to other areas.

Personnel assigned to this task need to wear outer gar-
ments that provide a protective barrier against direct contact
with disease organisms and that can be disinfected and
removed before personnel leave the area. Typically, these
include boots, coveralls or raingear, gloves, and a head cov-
ering (Fig. 4.6).

Use disposable coverallsand outer gloveswhen possible;
the durability and cost of garments are considerationsin de-
cisions about whether or not disposable garments will be
used. Personnel should remove coveralls and outer gloves
before they leave the area, and the garments should be
destroyed if they are disposable or they should be double-
bagged before they are transported to a location where they
can be thoroughly washed before they are reused.
Dishwashing gloves, work gloves, and other types of rubber
glovesarereadily available at hardware and other retail stores,

as are scrub brushes for cleaning (Fig. 4.7).

Carcassremoval requires heavy-duty plastic bags or con-
tainers. Plastic body bags used by the military are excellent
for containing wildlife carcasses. Plastic garbage cans lined
with commercially available heavy-gaugeleaf and litter plas-
tic bags are also excellent containers for transporting car-
casses. These containers are especially useful when person-
nel collect bird carcasses by boat (Fig. 4.8A), and for trans-
porting carcasses in truck beds. Tie the bags shut and secure
garbage can lids when transporting these containers to car-
cass disposal sites (Fig. 4.8B).

Depending on conditions, avariety of watercraft (Fig. 4.9)
and all-terrain vehicles (Fig. 4.10) are useful for searching
for carcasses and for transporting carcassesto collection and
disposal sites. In some instances, the expense of helicopters
may be warranted. Pickup trucks and other four-wheel ve-
hicles are also indispensable under some field conditions.

Dogs have been used extensively in wildlife management,
and they are a valuable search tool when they are appropri-
ately chosen and handled. Use dogs whenever possible to
locate carcassesif thereisno diseaserisk to them. Infectious
diseases of wild North American birds do not pose asignifi-
cant health threat to dogs. Determine disease risk on a case-
by-case basis by consulting with wildlife disease specialists.
Local retriever clubs or kennels may provide dogs.

The contingency plan should identify sources of various
equipment, whether equipment can be borrowed or rented,
and contact persons and their telephone numbers. Commonly
used supplies and equipment needed to support disease con-
trol operations are summarized in Table 4.2.

Carcass Disposal

The primary goal of carcass disposal isto prevent spread
of the disease agent to other animals through environmental
contamination. Because personnel will handle concentrated
amounts of infectious or highly toxic agents, this activity
requires proper training and supervision. Incineration, bury-
ing, rendering, and composting are the four basic disposal
methods.

Incineration isgenerally the preferred method for dispos-
ing of carcasses and contaminated materials associated with
wildlife disease outbreaks. However, air-quality standards
often preclude open burning, even for disease emergencies.
Consider purchasing or constructing portable incinerators
(Fig. 4.11) for areas with recurring disease problemsif local
regulations allow using such equipment. Portable garbage
incinerators can sometimes be borrowed from State parks
and other sources. If portable incinerators are not available,
open burning with tires or other fuel or both can be used,
depending on local air pollution standards. Carcasses may
be burned either above or below ground (Fig. 4.12). It is
important to keep the fire contained and to get sufficient air
movement under the carcassesto maintain ahot fire and com-
pletely burn the carcasses. Wood, coal, fuel oil, napalm, and
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NUMBER OF ANIMALS

April-August: Nesting birds and broods on Mud
and Clay Lakes and adjacent uplands.

September—mid-October: Fall migrants using
Mud and Clay Lakes.

Mid-October—January: During hunting season,
birds concentrated on Clay Lake and adjacent
marsh.

February—March: After hunting season, birds
distributed between Mud and Clay Lakes.

C
100 -
0 Number of geese and ducks on E. Overshoe NWR
B g | (5-year average)
< 80
2]
2
Canada e}
9,000 - goose £oeor
<
6,000 [~ 5 20 F
<
3,000 |- > 20t
[]
o
0 Ll 0
JULY AUG SEPT OCT NOV DEC JAN FEB MAR APR MAY
9.000 I Mallard
MONTH
6,000 |
3,000 -
0 )
9,000 . .
Pintail
6,000 | D
Peak populations of waterfowl on E. Overshoe NWR
3,000 |- 120
,~ -7
0 L A L7 T~ _~-7 Geese
2 100 | P —_———
s Ve
) 4 s
Wigeon 3 sk P
12,000 [ £ Ducks
4
S 6o
9,000 3
=
< 40
6,000 s 0
S
3,000 |- & 20
0 L 1 0 1 1 1 1 |
JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCTNOV DEC 1081 1982 1983 1984 1985
MONTH YEAR

Figure 4.3 Examples of how to present data on seasonal and annual wildlife use of a specific area. (A) General narrative
format with map; (B) seasonal waterfowl populations by species, and total duck and goose use by (C) month and (D) year.
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EXPLANATION
Major use areas

Shorebirds and wading birds

I Bald eagle wintering roost site
Waterfowl

[Z23 Loafing areas

= Roosting areas

Feeding areas

== National Wildlife Refuge boundary
=== National Wildlife Refuge Hunting Area
= = State Game Management Area

Figure 4.4 Example of an outline map showing concentra-
tion and feeding areas used by wildlife.

EXPLANATION

Major movement patterns

» Puddle duck and bay diving duck
feeding patterns

I::> Canada goose daily feeding flights

Major use areas
White-tailed deer wintering area

Spring migration diving duck staging
areas

Figure 4.5 Example of an outline map showing major move-
ment patterns of species.
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Photo by William Bair, U.S. Fish and Wildlife Service

Figure 4.6 (A) Protective clothing such
as coveralls, boots, head coverings, and
gloves should be warn during carcass
cleanup activities. (B) Before leaving the
area, boots should be decontaminated
and outer clothing removed and bagged
for transportation to a location where
they can be washed before being re-
used.

Figure 4.7 (A) Examples of readily available disposable and reusable gloves for disease control operations. Dishwashing
gloves, surgical gloves, rubber work gloves, and other types can be purchased at drug and hardware stores and medical and
laboratory supply houses. (B) A wide variety of scrub brushes needed for decontaminating boots, equipment, and other sur-
faces are also readily available from local merchants.
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Figure 4.8 (A) Plastic barrel being
used to transport carcasses from col-
lection sites by airboat to disposal site.
Note use of plastic bag to line barrel.
The plastic bag containing carcasses
can be secured, removed, and placed
in a second plastic bag for further trans-
portation if disposal site is not at the boat
docking location, thereby allowing im-
mediate reuse of the barrel. If the barrel
containing carcasses is to be trans-
ported to some other location, the plas-
tic bag should be tied closed and a cover
placed on the barrel and secured.
(B) Examples of improper transportation
of carcasses to disposal site. Note un-
tied bags, unbagged carcasses, wooden
truck bed, and lack of tailgate. Car-
casses and fluids contaminated with dis-
ease organisms could easily be re-
leased from the bags during transit. Flu-
ids could contaminate the truck bed and
leak to the ground through the cracks
between the wooden boards. Wood ab-
sorbs fluids and is much more difficult
to decontaminate than a nonporous sur-
face. Also, carcasses could fall out of the
truck because there is no tailgate.
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Figure 4.9 Different types of (A) motorized and (B) nonmotorized watercraft are useful for carcass
collection. Note the use of plastic bags for containment of carcasses and further transportation to disposal
sites.
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Photo by Ronald Windingstad

Photos by Milton Friend

Figure 4.10 Selection of all-terrain vehicles should be
matched to local conditions. All-terrain vehicles such as these
three-wheel machines can (A) be equipped with small bas-
kets to hold carcasses or live birds and (B) be used in water
no more than 2-feet deep. Because of safety concerns, three-
wheeled vehicles are not recommended. (C) Large tracked
vehicles such as this equipment negotiate marshy terrain but
are not amphibious. The major advantages of this equipment
are the large capacity for carrying personnel, supplies, and
equipment and excellent visibility afforded by the height of the
vehicle. (D) Small amphibious vehicles such as this six-wheel
machine are capable of transporting two persons and are more
stable and versatile than three-wheel vehicles but are much
slower on land surfaces.
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Figure 4.11 Examples of portable
incinerators used for disease control
operations. (A) Garbage incinerator bor-
rowed from State park to dispose of car-
casses during Lake Andes duck plague
die-off. (B and C) Locally designed and
constructed incinerators in use during
disease control operations. All of these
are fueled with propane gas.

Photo by Milton Friend

Photo by Carl Batha, Wisconsin Department of Natural Resources
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Photo by Milton Friend
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Figure 4.12 Examples of above-ground
and in-trench methods for incineration of car-
casses. (A) Portable grate the width of a
pickup truck bed fashioned from metal pipes.
(B) Simple grate suspended over pit into
which carcass remains are placed for burial.
(C) Major burning pit for large-scale opera-
tion—note surrounding area cleaned of veg-
etation for fire protection, the size and depth
of pit, burning platform, rubber tires for fuel.—
Figure 4.12 is continued on p. 30.
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Figure 4.12—continued (D) Intensity
of heat generated by fire resulting in the
bending of support pipes of the burning
platform and metal grate. (E) Simple but
sturdy above-ground structure of cinder
blocks and steel grates elevated enough
for fuel to be placed under the carcasses
and for air to circulate upward. (F and
G) Highly efficient above-ground burn-
ing platform constructed of a frame of
used grader blades, wire mat platform,
and (H) sheet metal heat deflector
positioned at the rear of the platform.
(1) Proper application of fuel oil (never
use gasoline) for carcass incineration.
Note that length of applicator prevents
flashback or wind shift from endanger-
ing person applying fuel.
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other fuels have been successfully used. Never use gasoline
because of the hazards involved. Incineration is facilitated
by stacking or piling carcasses on the burning platform, soak-
ing them with used oil or some other fuel, and waiting about
10 to 15 minutes before igniting them. The heat generated
by large-scal e carcass burning operations is intense enough
to cause metal pipes to bend (Fig. 4.12D). Therefore, con-
struct a sturdy carcass support surface so that it does not
collapse into thefire.

During dry weather, burning carcassesin apit surrounded
by avegetation-free areais more desirabl e than above-ground
burning. In either situation, piling too many carcasses on the
fire at once is a common mistake; burn carcasses one layer
at atime (Fig. 4.13). When cinder blocks are used to support
burning platforms, the length of the platform should be ex-
tended to keep the blocks out of direct heat or they will soon
crumble.

When burning is not feasible or needed, burial is often a
suitable alternative. Select burial sites carefully with consid-
eration given to ground-water circulation and drainage, and
any potential for later carcass exposure. Sprinklelimeor fuel
oil on carcassesto discourage uncovering by scavengers and
cover the carcasses with at least 3 to 4 feet of soil.

Composting is commonly used for the disposal of some
domestic animal carcasses, and it is a technique that can be
adapted to wildlife situations. The requirements for com-
posting carcasses include an impermeabl e surface on which
to place composting piles, aroof or other means of control-
ling moisturein the piles, and raw materialsto mix with car-
casses to achieve the correct carbon to nitrogen ratio for op-
timal decomposition of carcasses (Fig. 4.14).

When the combination of animal species, cause of mor-
tality, and local situation allow, carcasses may also be dis-
posed of by an animal rendering plant, and in rare instances
infected wildlife may bekilled and processed for food. Both
of these methods are sometimes used for domestic species
and captive-reared wildlife, but conservation laws generally

prohibit the processing of free-living wildlife (with the ex-
ception of fish) asacommercial food source within the United
States. Judgments on the use of rendering and food process-
ing asanimal disposal methods should be made only by quali-
fied disease control specialists.

To the extent possible, dispose of carcasses on-siteto re-
duce therisk associated with transporting contaminated ma-
terial. Regardless of whether burning, burial, or large-scale
composting is used, earth-moving equipment is needed. The
disease contingency plan should identify how and where
bulldozers, backhoes, and similar equipment can be obtained.

Animal Relocation

It is often as necessary to deal with the live, apparently
healthy population during disease control activitiesasitisto
remove and dispose of animals dying from disease. Depend-
ing on individual circumstances, consider denying animal
use of specific sites by dispersing animals from the problem
area, concentrating and holding wildlifewithin aspecific area,
or trapping animals for sampling.

Scare devices such as propane exploders (Fig. 4.15A) and
cracker shells (Fig. 4.15B) may be useful for keeping wild-
life away from atoxin or infectious agent within a specific
area. Hazing wildlife with airplanes, helicopters, airboats,
snowmobiles, and other motorized equipment has also been
successful for moving them away from disease problem
areas. Conversely, wildlife can be concentrated in an area
for euthanasia, and they can belured to other areas by broad-
casting and dumping large amounts of grain and other feed
to prevent their movement to problem areas, by knocking
down standing grain to make it more available to them, by
providing water through pumping operations and diverting
water flow, and by providing refuge by closing the area to
hunting and other interactions between wildlife and humans
(Fig. 4.16). Take care to assure that grain used for attracting
wildlife is not moldy and does not contain dangerous con-
centrations of mycotoxins.

Figure 4.13 Examples of (A) correct and (B) incorrect layering of carcasses for burning. Carcasses must be burned one layer
at a time to prevent charred outer carcasses from insulating inner carcasses from incineration. (lllustration by Randy Stothard

Kampen)

32 Field Manual of Wildlife Diseases: Birds



\ Impermeable

surface

Figure 4.14 Example of a simple composting bin for waterfowl carcasses. Litter (bedded
manure from poultry houses is a good source), straw, and carcasses are added propor-
tionally to achieve the appropriate moisture content and carbon to nitrogen ratio. (Modified

from Rynk, 1992.)

Food and water are also helpful in trapping wildlife for
assessing disease control activities. When birds have been
lured to asite, they may be captured by such means as drugs
incorporated within feed, rocket nets, drop nets, walk-in and
swim-in traps, or other means of preventing escape (Fig.
4.17).

A timely response to disease outbreaks can be facilitated
if such factors as need for special permits, area closures,
possible involvement of endangered species, and water pur-
chase can be anticipated and addressed before an urgent situ-
ation arises.

Because of the potential complexity of biological inter-
actionsin animal relocation, field managers should seek the
advice of disease control specialists whenever possible be-
fore taking independent action. Asageneral rule, animal dis-
persal is not recommended when infectious disease is in-
volved unlessit can be assured that the population being dis-
persed will not infect other wildlife. Also, it isimportant that
water manipulation not produce conditions favorable to de-
velopment of botulism or other disease problems.

Disinfection

The purpose of disinfection isto prevent the mechanical
transmission of disease agents from one location to another
by people, equipment, and supplies. Some viruses, bacteria,
and other infectious agents have considerable environmen-
tal persistence. Disinfection of thelocal environment involved

in adisease outbreak may be required to prevent recurrence
of the disease when the siteis used by other animals. Disin-
fection of a disease outbreak site should always be done
under the direct guidance of disease control specialists.

Wash thoroughly the clothing worn during disease con-
trol (coveralls and clothes worn under protective raingear)
beforeit is used again. Personnel should shower and sham-
poo their hair before leaving the site, if possible, but always
beforethey go to other wildlife areas. Disinfect boots before
entering vehicles when in contaminated areas, and disinfect
all equipment to the extent possible before it is moved from
the area (Fig. 4.18A and B). Give specia attention to the
underside of vehicles(Fig. 4.18C and D). Put motor vehicles
through a car wash before moving them to other areas, and
wash and clean boatsand all-terrain vehiclesbefore they leave
the area. Large volume tanks and pumps that can be oper-
ated from mobile units such as trucks (Fig. 4.19) and boats
are especially useful for holding and dispensing disinfec-
tant.

Disinfection procedures require a suitable disinfectant,
containers for that disinfectant once it has been diluted to
appropriate strength, and away of applying the disinfectant.
Commercia disinfectants are available from farm supply
stores and veterinarians. Refuge managers and other field
managers should consider keeping a supply of disinfectant
for general use. Chlorine bleach is a highly suitable disin-
fectant and it isavailable at most grocery stores. For general
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Figure 4.15 Wildlife can be discouraged from use of areas
by (A) propane exploders that function by the ignition of pro-
pane gas within the “cannon” due to the striking of a flint at a
timed interval. With the exception of placing the cannon and
maintaining a fuel supply, this activity does not require the
presence of personnel. (B) Manual firing of cracker shells has
also been used successfully to discourage wildlife use of
areas. These fireworks-like shells should only be fired through
a break-open type shotgun so that the barrel can be checked
between shots to assure that there are no obstructions re-
maining in the barrels. These shells should not be used where
they can fall into dry vegetation because of fire hazard.

use, dilute one part chlorine bleach with 10 parts water. Use
stronger concentrations of one part bleach to five parts water
for disinfecting heavily contaminated areas.

Stiff bristle brushes, buckets, and containers that can be
used for foot baths and pressure or hand sprayersthat can be
used to dispense the disinfectant are also needed. The sta-
tion contingency disease plan should identify readily avail-
able sources of these supplies and equipment.

When the disease problem involves an infectious agent,
personnel handling contaminated materials should refrain
from working with similar species or those susceptible to
the disease for at least 7 days following completion of their
disease control activities. For example, afield manager in-
volved in an intensive avian cholera disease control opera-
tion on Monday should not band waterfow! in that refuge or
elsewhere until Tuesday of the next week.
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Figure 4.16 Closure of areas is often needed to assist dis-
ease control operations. (A) Sign used to close Lake Andes
National Wildlife Refuge during the duck plague die-off. (B)
Sign used to delineate refuge area so that bird disturbance
and movement was minimized during another South Dakota
disease control operation.

Personnel

Labor-intensive operations such as carcass removal and
disposal sometimes require more personnel than are usually
employed on an area. In some instances, specialized help
such as low level aircraft flights for surveillance may be
needed. The use of nonstation personnel for routine opera-
tions has a potential educational value. For example, the use
of local sportsmen clubs to help with carcass collections
during amajor lead poisoning die-off has been highly effec-
tivein changing negative attitudes towards nontoxic shot use.

Sportsmen clubs; retriever clubs; biology and wildlife
classes at local universities and colleges; local chapters of
conservation organizations such asthe Audubon Society; the
active military and National Guard, who also may provide
valuable technical assistance; and similar groups have all
provided volunteer assistance in combating disease problems
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Figure4.17 Various types of capture devices are use-
ful for disease operations. (A) Rocket net being fired
over Canada geese. (B) Snow geese captured by can-
non nets. (C) Constructing a funnel trap to capture birds
in a zoological park.— Figure 4.17 is continued on p. 36.

Photos by Milton Friend
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Figure 4.17—continued (D) Capturing birds
within a funnel trap. (E) Capturing flightless
Canada geese in a drive trap. (F) Capturing
waterfowl in a large, baited funnel trap. (G)
Using drugged grain to capture birds in resi-
dential situations. When drugs are used,
maintain close surveillance of the situation
so that animals that become drugged, such
as the bird (H) lying on its back, can be
promptly collected before they are seized by
other animals or drown if they venture into
the water before the drug takes effect.
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Figure 4.18 Equipment and personnel should be disinfected
to the extent possible before leaving disease operation areas.
(A) Initial disinfection procedures should take place well within
the contaminated area. (B) Boots and other items in contact
with the ground should receive a second application of disin-
fectant at the point where entry is made into the “clean area,”
as is being done at the location where the specimen chest is
being transferred. (C and D) Various types of spray units can
be used to apply disinfectant to the underside of vehicles. Tires
and wheel wells are the primary areas of concern as they
may contain contaminated soil or animal fecal material from
the disease area.
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Photo by Terry Amundson, Wisconsin Department of Natural Resources

Photo by Milton Friend

Figure 4.19 (A) Portable tank and pump mounted on a truck bed for dispersing disinfectant during
duck plague control operation and (B) application of that disinfectant to a structure used to house birds.
The long length of hose on this unit allowed all areas of major bird use to be reached from service and
perimeter roads.
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at various times and places. Sound judgment must be exer-
cised in the selection and utilization of volunteers because
of legal liability in case of an accident. Contingency plans
should list groups and organizations and contact personsfor
each group, their telephone numbers, and an approximation
of the work force and times of its availability (e.g., week-
ends only or Wednesday only). For technical assistance, list
the specific type of personnel needed, such as bulldozer op-
erator or helicopter pilot.

In addition to preparing astation contingency plan, wild-
life personnel should become familiar with the other phases
of disease control operations. Table 4.1 provides a descrip-
tive outline of these phases. Especially relevant to field man-
agers are the equipment and supply needs identified under
the Disease Response Section of Table 4.3.

Response Modifications

Disease control operations can be seriously undermined
without current assessment of wildlife morbidity and mor-
tality and the cause of disease problems. When infectious or
highly toxic agents are involved, early detection of disease
problemsis critical to preventing the problem from becom-
ing widespread. Also, failure to accurately assess the cause
of the die-off can result in control actions actually contrib-
uting to the magnitude of losses and spread of the problem.
Different types of disease problems require different types
of response. Do not assume that the current die-off isdueto
the same cause as previous die-offs that have occurred on
the area or that only one disease agent is responsible. It is
not uncommon for two or more causes of wildlife mortality
to occur simultaneously in an area. Control of these differ-
ent diseases may require opposite types of actions, thereby
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requiring that a more comprehensive strategy be devel oped
for the disease control operation.

Refuge managers and other field biologists greatly influ-
ence the effectiveness of disease control operations by their
responsiveness, knowledge of the local situation, how well
they are prepared, theflexibility they maintain, their resource-
fulness, and when possible, their ability to obtain appropri-
ate technical assistance and training for combating disease
problems. Timely and properly carried-out disease control
activities can significantly reduce the magnitude of wildlife
losses that might otherwise occur. When carrying out con-
trol activities, always consider the safety of the personnel
involved.

Milton Friend and J. Christian Franson

Supplementary Reading

Friend, M., 1995, Disease considerations for waterfowl managers
in Whitman, W. R., and others, eds., Waterfowl Habitat
Restoration Enhancement and Management in the Atlantic
Flyway (3): Dover, Del., Delaware Department of Natural
Resources and Environmental Control, p. J24-J117.

Roffe, T.J., Friend, M., Locke, L.N., Evaluation of causes of
wildlife mortality, in Bookout, T. A., editor, 1994, Research
and management techniques for wildlife and habitats, Fifth
ed.,: Bethesda, Md., The Wildlife Society, p. 324-348

Rynk, R., ed., 1992, On-farm composting handbook: Ithaca, N.Y.,
Northeast Regional Agricultural Engineering Service, 186 p.

Wobeser, G. A., 1994, Investigation and management of diseasein
wild animals: New York, N.Y., Plenum Press, 265 p.



Table 4.1 Outline of disease control operations.

l. Planning

A. ldentify needs

1. Sources of additional personnel to help during disease emergencies. Potentially, these include
a. State and Federal agencies
b. Active military and National Guard
c. Private conservation agencies
d. Local sporting clubs
e. Local universities

2. Sources and availability of equipment and supplies for disease control operations (Appendix C)

3. Special needs

. Burning permits

Endangered species consultations

Lodging and meal facilities for work crews

. Ability to attract and hold wildlife in site-specific areas by providing food, water, refuge, or other
means

e. Ability to deny wildlife use of specific areas by scaring devices and other means

f. Ability to capture wildlife for sampling, immunization, or other needs

o0 oo

B. Record biological information

1. Daily and seasonal wildlife movement patterns within the general area
2. Migration patterns and population peaks for major and endangered species
3. Past history of diseases

C. Prepare contingency plan (See Tables 4.2 and 4.3.)

ll. Initial Response

A. Identify problems

1. Obtain diagnosis by submitting carcasses to a qualified diagnostic laboratory as soon as mortality or
morbidity is evident. (See Chapters 3 and 4 for shipping procedures.)

2. Conduct field investigation to determine extent of problem (i.e., species, number of wildlife, and geo-
graphic area involved).

3. Identify special biological, political, or physical considerations associated with problem. Before
proceeding further with I1l. B and C., seek the advice of a specialist.

B. Establish control of area
1. Close affected area, when warranted, to all but authorized personnel.

2. Identify special work areas for disease control activities.
. Carcass disposal sites
. Laboratory investigations area
. Briefing area for news media and staff
. Vehicle parking
. Assembly areas for arriving workers
Command post

SO QOO TD

3. Initiate carcass cleanup, but do not dispose of carcasses without guidance from disease control
specialists.
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Table 4.1 Outline of disease control operations (continued).

C. Communications
Notify appropriate agency and nonagency personnel of die-off.

[1l. Disease Control

A. Response
1. Disease control actions are dictated by the type of disease, environmental factors, species involved,

and other circumstances. Typically, actions associated with major die-offs require:

a. Bringing personnel, equipment, and supplies on-site

b. Organizing workforce, briefing workers about the problem, and assigning duties

c. Carcass pickup and disposal

d. Monitoring cause of mortality to detect changes in the cause of the problem (die-offs often involve
more than a single cause and different control actions may be required for these different causes)

e. Decontamination of personnel and equipment

f. News media briefing sessions and “show-me” trips*

B. Management
1. Disease management activities often involve:
a. Population manipulation such as removal, controlled movement including relocation and local
concentration of wildlife populations, and population dispersal
b. Habitat manipulation to prevent, attract, or maintain wildlife use of an area

2. Decontamination of the infected environment, such as:
a. Chemical treatment of land, water, and structures
b. Vegetation and water removal (desiccation) to allow air and sunlight (ultraviolet) to destroy micro-
organisms

C. Controlled burning to remove vegetation and dispose of mechanical structures

V. Surveillance

A. Monitoring

After disease control operations have ended, the area should be kept under surveillance for 10 to 30 days
to watch for additional flareups.

B. Investigations
This stage is also an appropriate time to conduct followup investigations of factors that helped cause and
sustain the problem, and to carry out wildlife and environmental sampling to discern disease
exposure patterns and environmental reservoirs of disease agents.

V. Analyses
Each disease control operation provides a learning experience. It is important to the success of future
operations to evaluate what was done, the degree of success achieved, problems encountered, and what
should have been done differently.

! Media briefing sessions and “show-me” trips should be conducted by personnel with comprehensive know-
ledge of the situation.
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Table 4.2 Equipment and supplies used in disease control operations.

Activity

Equipment and supplies

A. Carcass Collection

1. Transportation of personnel

2. Transportation of carcasses

B. Carcass Disposal
1. Burial

2. Incineration

3. Composting

C. Sanitation Procedures

1. Decontamination of environment

2. Protection of personnel and prevention
of mechanical movement of disease
agents to secondary locations by people
and equipment

a. All-terrain and four-wheel vehicles, snowmobiles
b. Airboats, canoes, other boats

c. Helicopter
d. Waders, snowshoes

. Large, heavy-duty plastic bags

. Plastic trash cans with lids

. Sleighs and trailers

. Trucks, boats

. Strapping tape and other means of securing closure of con-
tainers

® OO T

a. Earth-moving equipment for digging trenches or pits (bull-
dozer, backhoe)

b. Shovels

c. Lime or fuel oil to spread on carcasses

d. Any applicable permits

a. Portable incinerators and fuel

b. Local permanent incinerator

c. Earth-moving equipment for digging trenches or pits
(bulldozer, backhoe)

d. Burning permits

e. Shovels

f. Metal grates and cinder blocks for building burning platforms

g. Sheet metal or metal roofing for heat reflectors

h. Fuel for burning carcasses (wood, coal, rubber tires, fuel oil,
napalm)

i. Fire suppression equipment

a. Composting bin made of pressure-treated lumber
b. Straw and manure to alternate with layers of dead birds
c. Trucks to transport carcasses, straw, and manure

a. Chemical disinfectants and structures

b. Pumps and suction apparatus for drainage of water areas

c. Buckets, brushes

d. Spray application by aircraft, power systems mounted in
trucks and boats, and hand-carried spray units

a. Raingear, coveralls, rubber gloves, rubber foot gear, hats
b. Spray units and chemical disinfectants

c. Plastic bags for transportation of field clothes to laundry
d. Brushes, buckets

e. Disposable gloves, hats, coveralls, and foot coverings
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Table 4.2 Equipment and supplies used in disease control operations (continued).

Activity

Equipment and supplies

D. Field Communications

1. Field activities

2. Information activities

E. Surveillance and Observation
1. Field activities

2. Office activities

Cc

a

b

. Portable radios or cellular telephones for communication
between field personnel

. Radios in vehicles for communication between field units and

between units and command post

. Word processor or typewriter for preparing briefing documents

. Maps, acetate, and other supplies for overlays depicting die-

off and control activity information

. Telephone lines for communication with others
d.

Transportation for news media “show-me” trips

. Aircraft and pilots certified for low-level flights (500 feet and
below) for monitoring wildlife populations and
environmental conditions

. Binoculars and spotting scopes

. Maps, acetate, and other supplies for tracking the progress of
events and wildlife populations associated with die-off

. Telephone for contacting others to trace movement of migrant

bird populations that might enter problem area or that have
departed problem area

F. Wildlife Population and Habitat Manipulation

1. Denying wildlife use of an area

2. Concentration and maintenance of
wildlife in a specific area

G. Wildlife Sampling and Monitoring

1. Wildlife capture

2. Wildlife marking

a

a.

b

C

. Aircraft, boats, snowmobiles, and other motorized means of
hazing wildlife populations

. Propane exploders
. Cracker shells, break-open shotguns, and protective face

shield
. Audio systems and other scare devices
. Pumps for draining water or adding water to areas

Grain and other sources of food

. Pumps and water to provide habitat
.“No Hunting” and “Area Closed” signs to provide temporary

refuge area

. Cannon nets and other capture equipment
. Grain and other baits to lure wildlife to capture site

Visible marking devices such as paint, neck collars, and other
devices

. Permanent marking devices such as leg bands and ear tags
(see Bookhout, 1994)

. Temporary marking devices such as radio transmitters
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Table 4.3 Station disease contingency plan.

|. Introduction

A. Size, configuration, and other important characteristics of station area conveyed with help of tables,
maps, photographs, station brochures, public use maps, and similar documents

B. Record of previous disease outbreaks, including nature of disease, species involved, magnitude of die-off,
and season and year (Table 4.4)

[l. Disease Surveillance

A. Brief outline of current surveillance activities on station and adjacent areas — State, Federal, and private

B. Identify disease reporting and notification procedures (names, titles, organization, and telephone numbers
of persons to be contacted)

lll. Disease Response

A. Logistical considerations

1. Personnel sources (telephone numbers, addresses, names of contact persons)

a.
b.

Local, State, and Federal agencies (military, university)
Sporting clubs and volunteers

2. Equipment (types and numbers on-site, and sources off-site)

ST DO QOO TD

. Vehicles (conventional and all-terrain)

. Aircraft (fixed-wing and rotary)

. Earth-moving equipment (backhoe, bulldozer)
. Pumps (for flooding or draining marshes)

. Boats (motor, self-propelled, air boats)

Radios (portable and fixed); during nonfire seasons the

National Interagency Fire Center

3905 Vista Avenue

Boise, Idaho 83704

(208) 389-2458

is a potential source for obtaining assistance for very large communication needs

g. Incinerators
h.
[
J
k
I

Composting bins
Decontamination units (sprayers)
Scaring devices (propane exploders, sirens)

. Freezers

Portable toilets (construction-site type)

3. Supply sources (ldentify sources, addresses, and telephone numbers of local or closest sources.)

SO QOO TD

0o Q

. Disinfectants and chemicals

. Plastic bags

. Fuel for carcass burning

. Field clothes (gloves, rainwear, coveralls, boots)
. Plastic trash barrels, tubs, scrub brushes

Scaring devices (cracker shells, fireworks); provide contact telephone number and address for local
animal damage control office

. Dry ice and liquid nitrogen
. Grain and other wildlife foods

Nearest shipping address for air and ground receipt of goods and supplies
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Table 4.3 Station disease contingency plan (continued).

4. Lodging for temporary personnel assigned to disease control operation

5. Food
a. On-site capabilities
b. Off-site capabilities (Give consideration to early and late hours.)

6. Identify working areas (Diagrams are sufficient; limited narrative may also be required; Fig. 4.2.)
a. Clean areas
. Command post (must have adequate telephones)
. News media briefing room
. Parking
. Eating areas
. Staff assembly and rest areas
. Equipment and supply receipt
. Other
b. Transition areas
1. Decontamination of personnel
2. Decontamination of equipment
c. Contaminated areas
1. Carcass disposal
2. Laboratory investigations
3. Animal holding

~NOoO oA~ WN B

B. Biological considerations (Provide data in charts, figures, photographs, maps, tables.)

1. Species and population data
a. Major species (Identify by season of presence, relative abundance, and peak population periods.)

2. Wildlife movement patterns (Figs. 4.3 through 4.5)
a. Daily
b. Seasonal
c. Production and dispersal patterns

3. Weather patterns
a. Freeze-up and ice-out periods
b. Major periods of precipitation and drought
c. Other (temperature profiles, major periods of haze, fog, and high winds)

4. Habitat and population manipulation potential
a. Methods (water manipulation capability, feeding)
b. Anticipated population response to habitat (movement, concentration, dispersal)

C. Communications (Provide lists of principal local and regional contact personnel and telephone numbers.)
1. State agencies
a. Conservation
b. Agriculture
c. Health department
d. University diagnostic laboratories
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Table 4.3 Station disease contingency plan (continued).

2. Federal agencies
a. Environmental Protection Agency
b. U.S. Department of Agriculture
c. U.S. Public Health Service

3. Other organizations
a. Cooperating organizations (e.g., area representatives of Audubon Society, National Wildlife
Federation, Ducks Unlimited)
b. Local sporting clubs
c. Private wildlife area managers
d. Local game breeder organizations
e. Local domestic animal husbandry and production operations

4, Media
a. Television
b. Radio
c. Newspapers

IV. Supplemental Information

A. Location of nearby laboratories (hospitals, universities, county and State facilities)
B. Federal and State permit status for biological collections

C. Burning permits

D. Regulatory requirements

E. Background information (e.g., water sources, water-quality data, potential sources of disease
transmission between wildlife and domestic animal concentrations)

F. Identification and location of adjacent or nearby wildlife refuges, management areas, and private reserves

G. Identification of unusual or politically sensitive aspects of area
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Chapter 5
Euthanasia

Background

Euthanasia means to cause humane death. Some current
euthanasia techniques may become unacceptable over time
and be replaced by new techniques as more data are gath-
ered and evaluated. The following information and recom-
mendations are based largely on the 1993 report of the Ameri-
can Veterinary Medical Association (AVMA) Panel on
Euthanasia. The recommendations in the panel report were
intended to serve as guidelines, and they require the use of
professional judgement for specific situations. Ultimately, it
istheresponsibility of those persons carrying out euthanasia
to assurethat it isdonein the most humane manner possible.

There is no perfect euthanasia technique appropriate to
all situations. What is sought in each instance is immediate
insensitivity of the animal to pain asaresult of depression of
the central nervous system (brain and spinal cord). The
AVMA panel in its evaluation considered the following to
be important factorsto consider when selecting a euthanasia
method:

Considerations for selecting a euthanasia method

 Does the method cause the animal to lose conscious-
ness and die without causing the animal pain, distress,
anxiety, or apprehension?

* How much time does the method require to induce
uNCoNSci ousness?

¢ |s the method reliable?

 Does the method put personnel at risk of injury or
health problems?

* Isthe method irreversible?

* Isthe method compatible with the purpose of eutha-
nasia?

e Will the method cause distress and anxiety among
observers and personnel ?

» Does the method interfere with or detract from the
subsequent evaluation, examination, and use of tis-
sue?

 Aredrugsrequired by the method available? Can the
drugs be abused by humans?

« | sthe method appropriate for the animal age and spe-
cies?

* |Is the equipment required by the method in proper
working order?

¢ |s the method cost-effective?

Methods of euthanasiaare physical or chemical. Physical
methods of euthanasiainclude cervical dislocation, decapi-
tation, stunning and removal of blood, and gunshot. Chemi-
cal methods of euthanasiainvolve introducing a toxic agent
into the body by injection or inhalation. After completing
euthanasia, be certain that specimens being collected are
properly identified, preserved, and packaged for transporta-
tion to the diagnostic laboratory (see Chapter 2, Specimen
Collection and Preservation, and Chapter 3, Specimen Ship-
ment). Be sure to indicate the euthanasia technique used.

Physical Euthanasia

Cervical Dislocation

Cervical dislocation can be used without any special
equipment to euthanize small birds and ducks. The disloca-
tion must take place at the base of the brain, or within the
upper one-third of the neck (the cervical spine). Grasp the
base of the bird’s skull in one hand and its body, usually at
the base of the neck, in your other hand. Pulling rapidly and
firmly in opposite directions will separate the spinal cord
(Fig. 5.1). Cervical dislocation can be used for larger birds,
like geese, by separating the upper cervical spine with an
emasculatome, which is available from veterinary supply

Figure 5.1 Cervical dislocation procedures. The brain can
be separated from the spine in small- to medium-sized ani-
mals by grasping the animal at the base of the skull with one
hand, at the base of the neck with the other, and pulling rap-
idly and firmly in opposite directions with a strong snapping
action.
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stores. As with all methods, learn how to properly use this
instrument before applying it to alive animal.

Cervical dislocation may upset the casual observer be-
cause animals, especially birds, convulsefor several seconds
to minutes after death. These movements are due to spinal
reflexes and the animals do not feel pain. Thistechniqueis
effective, rapid, inexpensive, and only minimally affects di-
agnostic testing.

Decapitation

Severing the head from the neck is an effective method of
euthanasia for small mammals and any size bird, but it is
often used for larger waterfowl. Use aknife, machete, hatchet,
or bolt cutters to ensure that the spinal cord, encased in the
cervical spine, is severed. The same convulsions seen after
cervical dislocation will follow decapitation. Thistechnique
has similar attributes as cervical dislocation. However, take
care to prevent injuries to personnel resulting from the use
of the sharp implements, and to prevent exposing personnel
to toxic or infectious agents that may be in the blood.

Stunning and Exsanguination (Removal of Blood)

This method requires striking the center of the skull to
render the animal unconscious, followed by severing the ma-
jor blood vessels in the neck, and allowing the animal to
bleed out. Do not use this technique if the brain is required
for diagnostic tests.

Gunshot

Shooting animals in the head, or the neck if the brain is
needed for diagnostic purposes, with asmall caliber rifle can
be used as a method of euthanasia. Training and experience
arerequired to assure ahumane death, and al so to reduce the
human safety hazards.

Chemical Euthanasia

Extreme caution is required for the use of chemical eu-
thanasia, because of the potential hazardsfor humans. These
procedures should be carried out only by trained individuals
who are properly authorized to use the appropriate chemi-
cals.

Inhalant Anesthetics

Several inhalant anesthetics have been used for wildlife
euthanasia. Halothane is often the inhalant selected because
it rapidly induces unconsciousness. Enflurane also rapidly
induces unconsciousness, but seizures under deep anesthe-
sia from enflurane are more common than from hal othane.
Methoxyflurane vaporizes slowly and, therefore, hasalonger
anesthetic induction time, which can cause the bird to be-
come agitated. | soflurane has arapid induction time, but its
odor can cause the animal to hold its breath, thereby delay-
ing unconsciousness. Nitrous oxide hasalow potency and is
available only in gas form; other anesthetics are purchased
asaliquid, and they vaporize at room temperature and nor-
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mal air pressure. Nitrous oxide can be used in combination
with other inhal ants to speed anesthesia, but it should not be
used alone because animal s often become agitated and dis-
tressed before they lose unconsciousness.

To administer an inhalant anesthetic for euthanasia of an
individual bird, prepare a cone (from a syringe case or other
plastic material) that will fit snugly when it is placed over
the beak and nares (Fig. 5.2). Pour a small amount of the
anesthetic agent on a piece of cotton, tissue, or cloth, and
placeit in the narrow part of the cone. Restrain the bird; put
the open end of the cone over the beak and nares, and con-
tinue restraining the bird until it becomes unconscious. Re-
straint can then be discontinued, but keep the cone in place
for several minutes before checking to assure that the bird is

Latex glove

of bird

Cotton with
anesthetic agent

Syringe
case

Figure 5.2 A cone prepared from an empty syringe case
can be used for euthanasia. Tape a piece of latex glove over
the open end of the cone, and cut a slit in the latex so that the
bill and nares fit through it. Place the anesthetic agent on a
piece of cotton in the end of the cone.

dead. Alternatively, place an individual bird, or several small
birds, in a cage or crate; cover it with plastic or place the
cage in a covered plastic barrel. Place the cotton, tissue, or
cloth soaked with anesthetic agent inside the chamber with
the birds and tie or otherwise seal the plastic to prevent the
vaporized agent from escaping (Fig. 5.3). Cold temperatures
will decreasetherate at which theliquid becomesgas. Small
mammals can be euthanized by similar procedures.

A animal exposed to anesthetic gas may pass through an
“excitation phase” before it becomes unconscious; it may
vocalize and appear to struggle for ashort time. This behav-
ior may be distressing to the casual observer and it can be
dangerous for the handler, depending on the species. It is
important to assure that the animal is dead, and not just un-
conscious, before shipment, necropsy, or disposition. After
removing the animal from the gas environment, it may wake
up quickly, with little warning. Remember this when work-
ing with raptors, carnivores, and other biting animals.

Because all of these gases constitute a human health haz-
ard, including the potential to cause spontaneous abortion
and congenital abnormalities, the workplace must be well-
ventilated.

Bill and nares
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Figure 5.3 Use of cage enclosed with plastic for euthanasia of birds. (A) Anesthetic agent placed on a piece of cloth under the
cage. (B) Evaporation of dry ice. (C) Direct application of carbon dioxide gas. Because this gas is heavier than air, a deep layer
of gas must be built up so that the animals being euthanized cannot get above the gas. The chamber containing the animals
must not be airtight or gas buildup may result in an explosion. Openings should be at the top of the chamber.

Toxic Gas

Toxic gases such as carbon monoxide (CO) or carbon di-
oxide (CO,) may be useful when many small birds or ani-
mals must be killed. Keep in mind that, even at concentra-
tions of less than | percent, carbon monoxide is lethal and
represents a substantial human safety hazard because it is
highly toxic and difficult to detect. In concentrations exceed-
ing 10 percent, carbon dioxide can be flammable and explo-
sive. Work with this gas, as with anesthetic gases, must be
conducted in an open area away from electrical equipment.

Carbon monoxide and carbon dioxide may be purchased
as compressed gases in cylinders. Dry ice can also be used
asasource of carbon dioxide. If dry iceis used, protect ani-
mals from contact with it. Cages covered with plastic bags
(Fig. 5.3) or plastic garbage cans can be used askilling cham-
bers, but the cages must be vented to allow displacement of
air within the chamber by thetoxic gas. Leavetheanimalsin
the chamber until breathing and heartbeat have ceased.

Lethal Injection

To administer lethal injections, personnel must betrained
in injection techniques and proper doses as well as in the
safe handling and disposal of needles, syringes, and drugs.
Federal drug regulations make the use of these agents, ex-
cept by licensed veterinarians, largely impractical. Lethal
injections can be used for any animal that can be given an
intravenous injection, but they are probably most useful for
mammals and large birds, such as geese.

Sleepaway® (made by Ft. Dodge Laboratories, Inc., Ft.
Dodge, lowa) and Beuthanasia— D Specia® (made by Burns-

Biotic Laboratories, Inc. Omaha, Neb.) are concentrated bar-
biturate solutions plus additives. The solutions are inexpen-
sive, but, due to the potential for human abuse, require
licensing by the Federal Drug Enforcement Administration
(DEA) for purchase, use, and storage. Considerable record-
keeping of use of the drug is required by the DEA.

Lethal injections may not be appropriate in certain in-
stances because drug residues interfere with some tests.
Check first with the diagnostic laboratory to see if the pro-
posed euthanasia technique is compatible with the testing to
be performed.

The need for individual handling and injection of each
animal generally precludes using thistechnique for euthana-
sia of more than a few birds or animals per event. Proper
disposal of carcassesis needed to prevent secondary poison-
ing of scavenger species in situations where more birds or
animals are euthanized than are needed for diagnostic test-

ing.

J. Christian Franson
(Modified from an earlier chapter by Patricia A. Gullet)

Supplementary Reading

Andrews, E.J., Chairman, 1993 Report of the American Veterinary
Medical Association panel on euthanasia, 15 January 1993:
Journal of American Veterinary Medical Association 202:229—
249,
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Chapter 6

Guidelines for Proper Care and Use of
Wildlife in Field Research

Prologue

Public attitudes towards animal s continue to change over
time. These changes apply to wildlife along with other spe-
cies, and in recent years, attitudes have been increasingly
oriented toward assuring that all species receive proper care
whenever human interactions areinvolved. Guidance regard-
ing the application of euthanasiais provided in the previous
chapter. This chapter providesbasic guidelinesfor the proper
use of wildlifein field investigations. We believe this previ-
ously published information from The Wildlife Society is
sufficiently important to include in this field manual. The
Wildlife Society has been kind enough to grant permission
for this reproduction. The scope of this chapter extends to
all wildlife, and the application of this material extends be-
yond research to all wildlife investigations. This chapter is
reproduced, with the addition of illustrationsand minor modi-
fications, asit appeared in Research and Management Tech-
niquesfor Wildlife and Habitats (Bookhout, 1994), and, thus,
it deviates from the format for the rest of Volumell.

Introduction

Philosophy

Scientists do not operate in a vacuum, but rather in an
arena with responsibilities to the organisms they study and
to society. Professional scientists must consider the effects
of their activities on the organisms under study, on the valid-
ity of study results, and on the use of these organisms by
other segments of society. The Wildlife Society recognizes
these rel ationships and supports the sound application of re-
sponsible methods for the conduct of animal research in all
field and laboratory investigations. This position reflects our
ethical and moral concernsregarding human interactionswith
each other and with other species, and recognizes the scien-
tific benefits of investigations that are not compromised by
the manner in which animals are handled or maintained.
These concerns are the foundation for our philosophy that
responsible methods of animal investigations must include
all animal species. Wildlife professionals are urged to apply
high standards of animal care and maintenance, and respon-
sible methods of experimental procedures, in conducting each
animal investigation.

Purpose

These guidelines are intended for field research involv-
ingwild animals. The variety of wild vertebratesinvestigated
and of conditions encountered precludes provision of spe-
cificinformation applicableto each situation. Lists of useful
references for those seeking more specific information are
provided in the Appendices.

Background

The Animal Welfare Act (7 U.S.C. 2131, and following)
was enacted on 23 December 1985, with amendments in-
cluding Parts |, 2, and 3 (9CFR); Fed. Register 4(168)
3611236163, effective 30 October 1989. TheAct established
definitions of terms (Part |) used in the regulations (Part 2)
and standards (Part 3) for the humane handling, care, treat-
ment, and transportation of regulated animals used for re-
search or exhibition purposes, sold as pets, or transported in
commerce. Excluded from the provisions of the Act are cold-
blooded vertebrates, birds, rats (Rattus) and mice (Mus) bred
for use in research, horses and other farm animals used or
intended for use as food and fiber, and livestock and poultry
used or intended for usein improving animal nutrition, breed-
ing, management, or production efficiency, or for improving
the quality of food or fiber. Also excluded are field studies
as defined by the Act, i.e., “any study conducted on free-
living wild animals in their natural habitat, which does not
involve an invasive procedure, and which does not harm or
materially alter the behavior of the animals under study.”
Collection of blood samples, ear-notching, branding, and
collection of routine weight and measurement data are ex-
amples of exempted activities.

Exclusion of animal species under the Act removes re-
porting requirements and reduces oversight by the U.S. De-
partment of Agriculture, but does not negate coverage of these
species under guidelines established by other agencies. Thus,
fish, amphibians, reptiles, birds, and mammals are covered
by the National Science Foundation (NSF) and the National
Institutes of Health (NIH) guidelines. This coverage is ex-
tended to research grants funded by these agencies and to
Federal agencies, such as the U.S. Fish and Wildlife Ser-
vice, that function under the guidelines of the Interagency
Research Animal Care Committee.
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Role of Institutional Animal Care and Use
Committees

A major requirement of theAnimal WelfareActand NIH/
NSF guidelinesis establishment of institutional facility Ani-
mal Care and Use Committees (ACUCs). The function of
ACUCsiscritical to the conduct of scientific investigations.
Each ACUC must consist of at least three members, one of
whom is the attending veterinarian of the research facility
(or another veterinarian with delegated program responsi-
bility) and one of whom is not affiliated in any way with the
facility other than as a committee member. The purpose of
the ACUC is to evaluate the care, treatment, housing, and
use of animals and to certify compliance with the Act. This
processinvolves eval uation of experimental protocolsto en-
surethat animal pain and distressare minimized. ACUC over-
sight includes laboratory and field studies. Consensus rec-
ommendations on effective ACUCs for laboratory animals
were provided by Orlans and others (1987). Differences
between laboratory and field studies (Orlans, 1988) do not
negate the need for application of responsible methods for
care and use of animals during field research activities.
ACUCsand field investigators must work together in reach-
ing agreement on appropriate protocols and methods for spe-
cific circumstances of the field research to be undertaken.
“Standards for humane treatment of wild vertebrates must
continue to be constantly developed, applied, and re-exam-
ined. Practices that are acceptabl e today may well prove un-
acceptable to tomorrow’s scientific community, and/or to
society ingeneral” (Canadian Council on Animal Care, 1984,
p. 192). Wildlife professionals are strongly encouraged to
serve on ACUCs and contribute their specific knowledge
about the needs of free-living wildlife to help guide Com-
mittee actionsinvolving protocol reviewsfor field investiga-
tions. Wildlife professionals also are encouraged to publish
manuscripts that document the proper care and maintenance
of free-living wildlife species during field investigations.
Development of thisinformation by knowledgeablefield bi-
ologists provides specific species information for guiding
ACUC decisionsinvolving protocol reviews.
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Field research study conditions for wildlife

Irrespective of the species or circumstances involved,
wildlife professional s should satisfy the following condi-
tionsfor all field research studies. Written assurance that
these conditions will be met is a prerequisite for project
consideration and funding by many granting agencies.
These conditions also are principal points for evaluation
by the ACUC.

1. Procedures employed should avoid or minimize dis-
tress to animals consistent with sound research design.

2. Procedures that may cause more than momentary or
slight distress to animals should be performed with ap-
propriate sedation, analgesia, or anesthesia, except when
justified for scientific reasonsin writing by theinvestiga-
tor in advance.

3. Animals that otherwise would experience severe or
chronic distressthat cannot be relieved will be euthanized
at the end of the procedure or, if appropriate, during the
procedure.

4. Methods of euthanasiawill be consistent with recom-
mendations of the American Veterinary Medical Associa-
tion (AVMA) Panel on Euthanasia (Andrews and others,
1993) unless deviation is justified for scientific reasons
in writing by the investigator. However, species differ-
ences must be considered. As noted elsewhere, “The
AV MA recommendations cannot betaken rigidly for ecto-
therms; the methods suggested for endotherms are often
not applicable to ectotherms with significant anaerobic
capacities’ [American Society of | chthyologistsand Her-
petologists (ASIH), the Herpetologists' League (HL),
and the Society for the Study of Amphibiansand Reptiles
(SSAR), 1987, p. 2].

5. Living conditions of animals held in captivity at field
sites should be appropriate for that speciesand contribute
to their health and well-being (Fig. 6.1). Specific consid-
erations include appropriate standards of hygiene, nutri-
tion, group composition and numbers, provisionsfor ref-
uge and seclusion, and protection from weather and other
forms of environmental stress. The housing, feeding, and
nonmedical care of these animals must be directed by a
scientist trained and experienced in the proper care, han-
dling, and use of the species being maintained or studied.
Some experiments (e.g., competition studies) will require
the housing of mixed species, possibly in the same enclo-
sure. Mixed housing also is appropriate for holding or
displaying certain species.
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Figure 6.1 (A) Temporary “field hospital” for
recovery of waterfowl with avian botulism and
(B) a more permanent structure used for the
same purpose. The permanent structure pro-
vides shade and has a cement floor for easy
cleaning and disinfection and has a water trough
the birds can swim in. For both situations, peri-
odic inspection of the pens during each day is
needed for the detection and prompt removal of
dead birds. Prolonged use of the temporary hos-
pital should be avoided because of fecal con-
tamination that cannot be readily neutralized. By
segmenting the temporary facility into separate
pens, “‘pasture rotation” followed by treatment of
vacated areas can help provide reasonably clean
holding areas. An alternative would be to con-
struct pens that can be easily moved. A tarpau-
lin or other covering placed over the top of the
temporary structure or placement of such struc-
tures under the shade of trees will enhance bird
survival by minimizing heat stress.
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Wildlife Observations and Collections

General

Before initiating field research, investigators must be fa-
miliar with thetarget speciesand itsresponseto disturbance,
sensitivity to capture and restraint, and, if necessary, require-
ments for captive maintenance to the extent that these fac-
tors are known and applicable.

To the extent feasible, animals with dependent young
should not be removed from the wild unless the young also
are collected or removed alive and provided for in a manner
that facilitatestheir survival beyond the period of dependency.
Whenever possible, voucher specimens of animals, their tis-
sues, and parasitic and microbial faunacollected during field
investigations should be deposited in catalogued scientific
collections available to others within the scientific commu-
nity, to provide for maximum use of animals collected.

The number of animal srequired for investigations depends
on questions being investigated, but provision of adequate
samplesizeisessential to assure scientific validity of results
and avoid unnecessary repetition of studies. Removal of ani-
mals from a population (either for translocation or by lethal
means) should be restricted to the fewest animals necessary
to achieve established goals, but should never jeopardize the
population’s well-being.

Investigator Disturbance and Impacts

Potential gains in knowledge from field investigations
must be balanced against the potential adverse consequences
associated with the conduct of the study (Animal Behavior
Society/Animal Society for Animal Behavior, 1986). A high
level of sensitivity to the potential, indirect effects of inves-
tigator presence and study procedures must be maintained,
and appropriate steps must be taken to minimize these ef-
fects. Examples of secondary impacts associated with field
investigations may include nest desertion, abandonment of
young, increased vulnerability to predation, traumatic inju-
ries and mortality resulting from panic escape response,
cessation of breeding activities, increased energy use by dis-
rupted species, altered feeding behavior, habitat abandon-
ment, long-term marring of fragile habitats, increased vul-
nerability to hunting, introduction of disease, and spread of
disease. These effects may impact either research (target) or
other (nontarget) species. Investigators should use available
information on secondary impacts as a basis for taking ap-
propriate precautions to minimize known potential impacts.

Such factorsasfrequency and timing of investigator pres-
ence caninfluence greatly research effects on target and non-
target species. When applicable, remote methods of data
collection can be used to minimize disturbance. Also, habi-
tat conservation should be practiced rigorously during all field
investigations, and every reasonable effort should be made
to leave the study area and access to it as undisturbed as
possible.
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Museum Collections and Other Killed Specimens

Collection of animals often is an essential component of
field investigations. These collections may involve system-
atic zoology, comparative anatomy, disease assessments, food
preference studies, environmental contaminant evaluations,
and numerous other justifiable causes and scientific needs.

Assessment of the need should involve appropriate eval u-
ations to determine that the proposed collections will pro-
vide scientific data that are not duplicative of information
already available in the scientific literature (unless confir-
mation of these data is needed), or that are presently avail-
able in accessible scientific collections and repositories.
These eval uations also should assess whether suitableinfor-
mation can be obtained from alternative methods that do not
require taking live animals. Methods of collection must be
responsible, minimize the potential for the taking of non-
target species, and not compromise the purpose of the study.
In some instances it is possible and practical to capture ani-
mals and then apply approved euthanasia methods (see
Andrews and others, 1993). However, for many field studies
the only practical means of animal collection are those in-
volving direct killing as the initial step in the collection
process. Under these conditions, methods of vertebrate col-
lection must be as species or age-class specific as possible.
Methods must not be employed that compromise data evalua
tion. Appropriate provisionsalso must be madefor proper col-
lection and preservation of biological materialsassociated with
the purpose of the study. Improperly collected or preserved
specimens that fail as useful and valid sources of scientific
information negate the purpose of collecting the animals.

When shooting is the collection method, the firearm and
ammunition should be appropriate for the species and pur-
pose of the study. The shooter should be sufficiently skilled
to beabletokill theanimal cleanly. If an animal iswounded,
immediate attention must be given to appropriate follow-up
actionsto kill it quickly. Attention also must be given to the
animal’slocation to assureit can bekilled cleanly and that it
will be readily accessible for retrieval and data collection.

Kill traps, with attendant baits and attractants, are accept-
able and effective for animal collection when used in aman-
ner that minimizesthe potential for collecting nontarget spe-
cies. All traps should be checked regularly, at least daily, to
prevent specimen loss from scavengers and predators and
should be rendered nonfunctional when not in use.

Livetrapsfor nocturnal species should be set before dusk,
checked as soon as possible after dawn, and closed during
the day to prevent capture of nontarget species. Live traps
for diurnal species should be shaded or positioned to avoid
full exposure to the sun. Live traps for nonfossorial mam-
mal's should enclose a volume of space adequate for move-
ment within the trap; for fossorial mammals, trap diameter
should approximate that of the burrow. The live-trap mecha-
nism should not cause serious injury to the animal, and trap



doors should be effective in preventing the captive animal
from becoming stuck or partially held in the door opening
(Ad Hoc Committee on Acceptable Field Methods in Mam-
malogy, 1987). Pitfalls used as live traps should contain ad-
equate food to last until the next trap check and should be
covered to keep out rain or punctured to permit drainage.

Blood and Tissue Collections

Only properly trained individuals proficient in therequired
techniques should attempt to take tissue samples from live
animals. Collection of tissue samples requires proper ani-
mal restraint to avoid traumatic injuriesto the animal and to
the investigator taking the samples. Use of anestheticsisre-
quired when the sample procedure will cause morethan slight
or momentary pain. The institution/facility ACUC is the
proper source for evaluating collection methods and use of
anesthetics for noninvasive and invasive procedures for tis-
sue collections from live animals.

Blood is the most common tissue sampled from live ani-
mals. A conservativerule of thumbisthat the amount of blood
drawn at one time from a healthy animal that is to be kept
alive should be no more than 1 percent of its body weight.
However, the amount of blood taken should be limited to
actual needs, rather than the maximum amount that can be
safely taken, to reduce stress from handling. Appropriate
equipment (e.g., needle size) and sample site should be
selected to provide the amount of blood needed for the spe-
ciesinvolved.

The three most common sites for bleeding birds are the
jugular vein of the neck, medial-metatarsal vein of the leg,
and brachial vein of the wing (Fig. 6.2). The jugular is pre-
ferred for bleeding most bhirds because of its accessibility
and size and the relative ease with which large samples can
be taken. The medial-metatarsal vein is not recommended
for usein raptors, nor isthe brachial veininlarge birds such
as cranes. Feathers should not be plucked to locate these
veins. Birds also can be bled from a variety of other sites
including the heart and occipital venoussinus. However, there
is seldom reason to assume the risk associated with these
sites for nonlethal sampling, even though successful appli-
cation of these techniques has been demonstrated.

Multiplesitesalso are availablefor drawing blood samples
from mammals (Fig. 6.3A). Venipuncture of the cephalic,

Photo by Joshua Dein

Photo by Milton Friend

Photo by Joshua Dein

Figure 6.2 Blood can be drawn from a variety of sites and
not jeopardize the well-being of birds when properly trained
investigators utilize appropriate techniques and equipment for
that task. (A) Proper restraint for jugular bleeding of small birds
is shown and is best accomplished by the person doing the
bleeding. (B) For larger birds such as this blue goose, the
handler supports the body weight and restrains the wings by
cradling the bird against her body while controlling the head
with her other hand. (C) The bleeder normally controls the leg
that blood is being drawn from when the medial-metatarsal
vein is used. (D) Bleeding from the brachial vein. Care must
be exercised so as not to apply excessive torque to the wing.

Photo by Milton Friend
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femoral, tarsal, or jugular vein, the orbital sinus, or various
venous plexuses are common procedures. |n someinstances
cardiac bleeding also isacceptable. Need for anesthesiawith
any of these procedures depends upon methods of restraint,
species being bled, physical condition of the animal, and
volume of blood needed. In reptiles, such asturtles, sitesfor
blood collection are more limited (Fig. 6.3B).

Restraint and Handling

General

Safety of both wild animals and scientists who are study-
ing them should be the primary consideration when physical
contact between them isjudged to be necessary and unavoid-
able. Nondomesti cated animal s almost without exception will
try to elude capture, handling, and restraint. The means by
which a particular animal may try to prevent capture will
vary with the species, sex, physiologic condition, and tem-
perment of theindividual. In attempts to elude capture, wild
animal sare capabl e of inflicting severe damage to themselves
and their potential captors.

Behavioral characteristics of wild animals often may be
used to assist the potential captor. For instance, animalsin a
small pen or cage often voluntarily will enter asmaller con-
tainer to hide and evade capture. If that container provides
adequate restraint, the potentially dangerous work of secur-
ing the animal can be accomplished more easily. Every ef-
fort involving contact between wild animals and humans
should be carefully conceived and skillfully executed. Per-
sonnel involved must know the habits and behaviors of the
animal to be handled; the plan must have suitable alterna-
tives; and a genuine regard for the physical, physiological,
and psychological welfare of the animal must be of deep
concern to those actually handling the animals. If the planned
and alternate procedures do not appear to be satisfactory, the
responsible thing to do is cease immediately and return to
the planning stage. Trying to enforce unworkable procedures
in a particular situation is a virtual guarantee of injury to
either the animals or the humans involved.

Physical Restraint

For many situations physical restraint is the most appro-
priate method of animal handling, because of risks from
chemical immobilization to the animal and humans when
potentially toxic drugs are used. When physical restraint is
selected, an adequate number of sufficiently trained and
equipped personnel must be available to complete the task
safely. Location and type of capture, as well as procedures
to be performed and time required to accomplish them, will
influence the particular type of physical restraint. Gloves,
catch poles, ropes, nets, body bags, holding boxes, corrals,
squeeze chutes, or more sophisticated mechanical holding
devices may be required for specific situations (Fig. 6.4).

For some highly excitable or anatomically fragile species,
prolonged physical restraint without some chemical tran-
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quilization may result in self-inflicted trauma, physiological
disturbances, or, occasionally, death. Investigators have an
obligation to make every effort to avoid physical restraint
procedures that result in cardiogenic shock, capture myopa-
thy, and other stress-induced causes of mortality intheir ani-
mal subjects (Fig. 6.5). Stress-related damage may not be
immediately apparent but may lead to debility or death after
release.

Chemical Restraint

Use of chemicals or drugs to render a wild and poten-
tially dangerous animal saf e to handle has many applications
in wildlife research and management (Pond and O’ Gara,
1994). Use of anesthetics, analgesics, and sedativesis man-
datory for the control of pain and distress before potentially
painful procedures such as surgery are performed on ani-
mals. Use of drugs and “tranquilizer guns,” however, is not
the panacea to wild-animal restraint. Chemicals used for
tranquilization and immobilization, if not correctly handled
and delivered, may be dangerous to the target animals and
humans (Fig. 6.6). In addition, during the drug induction
phase or during recovery, an unrestrained animal may be
subject to increased potential for accidental injury or death
including predation. While under the effects of the drug the
animal may become hyper- or hypothermic, depending on
chemicals used and ambient temperature, it may vomit and
aspiratethe vomitus, or pregnant females may abort. A darted
animal may be able to elude its captors and hide before
being completely anesthetized, a particularly acute hazard
when chemicals are employed that require administration of
an antidote. All of these circumstances and possibilities must
be understood and eval uated by the researcher before achemi-
cal is selected as the best method of restraint in a given in-
stance.

If chemical restraint is selected, it is imperative for all
members of the capture team to have a working knowledge
of the chemical or drugs being used, even if they are to be
handled and delivered by a veterinarian. It also is the re-
sponsibility of researchers to know the effects, side effects,
advantages, and disadvantages of the drugs being used, and
to have knowledge of such factors as the minimum and maxi-
mum induction times and potential for adverse drug reac-
tions. This type of information is necessary to evaluate the
danger to target animals, and to humans that might be ex-
posed to the drugs. Searchers should be capable of monitor-
ing the condition of anesthetized animals and be able to ap-
ply resuscitative routines in a life-threatening emergency.
Specific recommendationsfor drug use and their dosage, drug
delivery systems, and physical restraint techniques applicable
to the specific species are available in the published litera-
ture (Pond and O’ Gara, 1994). Information on use of these
methods exists in guidelines on acceptable field techniques
by various professional societies (See “Professional society
guidelines’ at the end of this chapter).
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Figure 6.3 (A) Blood collection from the
tarsal vein of a deer and (B) from the tail
vein of a tortoise.
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Figure 6.4 (A) Squeeze chutes and head restraints can
allow a blood sample to be safely taken from the jugular of
large ungulates. (B) Poisonous animals such as this rattle-
snake should only be handled by well-trained personnel that
have experience with these types of species.
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Figure 6.5 (A) The pale coloration of the muscle tissue of the right leg and discolored areas of muscle
tissue in the left leg of this whooping crane are lesions of capture myopathy due to stress associated with
improper/extended restraint. (B) The light area in this piece of leg muscle from an antelope is also due to
capture myopathy.
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If the marking process causes pain or distress, as defined
by the Animal Welfare Act, appropriate analgesics or anes-
thetics should be used.

Criteria for Marking

When answersto the four initial questions lead to a deci-
siontoinitiate an animal-marking program, researchers must
search among awide array of potential techniqueswith vary-
ing strengths and weaknesses to select the method(s) most
suited to their particular project (Nietfeld and others, 1994).
Technological and methodological constraints and available
resources can vary widely from project to project and will
require each researcher to examine each potential marking
technique in terms of a standard set of criteria. Specific cri-
teriarelate to impacts of marking on the organism, validity
of the study, and other constraints such aslegal requirements.

Evaluation criteria for marking techniques

The following are essential criteria for evaluation of
marking techniques:

1. Marks should have minimal effect on the anatomy
and physiology of the organism, i.e., no immediate or
long-term physical hindrance.

Figure 6.6 Extensive tissue damage and
hemorrhage, such as seen in the tissues of
this black bear, can occur from immobilization
with a CO, projected dart.

Animal Marking

Developing means of reliably identifying individual ani-
mals to achieve field research objectives often is necessary.
In addition to requiring individual identification, research-
ers may need information on nonconspicuous aspects of
physiology or movements, or other aspects of animal ecol-
ogy that can be determined directly or indirectly through
specially designed markers.

Consideration for animal marking

Before initiating any marking procedure for wild ani-
mals, researchers must resolve the following questions
to determine whether marking is required and appro-
priate for the particular situation.

1. Do naturally occurring differences in the morphol-
ogy of the animals under consideration provide suffi-

2. Marks should not influence the organism’s behav-
ior, i.e., they should not reduce an organism’s ability
to secure food or inhibit breeding activity (unless the
marks are intended as a reproductive inhibitor).

3. Marks that make an organism more conspicuous
must be evaluated carefully to ensure that they neither
cause others of the same speciesto react differently to
it than to other conspecifics nor subject it to increased
selection by potential predators (unless this is a pur-
pose of the study) (Fig. 6.7).

4. Marks should be retained for the minimal period
required to achieve project goals.

5. Unambiguous marks that are quick and easy to ap-
ply should be selected to avoid extensive handling or
error potential.

6. Marks must comply with Federal, State, and other
agency rules and regulations.

cient identification to achieve research objectives?
2. How may animals must beindividually identifiable?

3. If animals must be physically marked, can a suffi-
cient number of animals be marked in the time avail-
able?

4. Are the risks (to both the animal and researcher)
associated with capture, handling, and marking, and
subsequent well-being, minimal and acceptablein both
responsible and scientific contexts?

The first three criteria focus on the well-being of the or-
ganism being studied and the potential for marks to influ-
ence research results by affecting the fitness or behavior of
the organisms. Criteria4 and 5 may affect the validity of the
research design, and criterion 6 reflects other constraints
placed upon the researcher. Violation of any of thefirst five
criteriamay result in biased research results, so researchers
should specifically address these criteria in any evaluation
of research resulting from a sample of marked organisms.

Although marks that may be applied to organisms are
commonly perceived as passive and visual, markers also
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Figure 6.7 (A) Color marking waterfowl should be done with rapidly drying paints and (B and C)
the painted feathers held separated until the paint dries to prevent the feathers from sticking to one
another and hindering normal flight.

exist that are active and visual (lights), that are auditory, that
feature radiotelemetry, or that rely on chemical detection.
A vast literature exists of techniques and potential concerns
regarding the marking of organisms from insects to whales,
and it has been summarized in detail elsewhere (see“ Profes-
sional society guidelines’; Day and others, 1980; Orlans,
1988).

Other Professional and Ethical Considerations

Many organisms of interest to wildlife professionals are
free-ranging and may be enjoyed by other segments of soci-
ety in many ways, from observation or photography to har-
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vest asmeat or trophies. Professional ethicsdictate that those
other potential uses of organisms be considered and accom-
modated insofar as possible. Wild animals and birds are val-
ued in part because they are wild, and the presence of human-
caused marks may detract from that value. Accordingly, short-
lived and inconspicuous marks should be selected whenever
they can meet the objectives of proposed research. Scientists
have an ethical responsibility to attempt to remove collars or
other external markers at the conclusion of their research if
possible and feasible. Furthermore, professional and ethical
considerations dictate that permanent markers that injure or
changethe appearance of an animal (e.g., toe-clipping, brand-

Photos by Milton Friend



ing, and tattooing) be employed only under the most humane
conditions and when alternate methods are not available to
achieve desired research objectives.

Housing and Maintenance of Field Sites

General

Proper care and responsible treatment of incarcerated ani-
mals must depend on scientific and professional judgement,
on concern for the animal, on knowledge of animal behavior
and animal husbandry, and on familiarity with the species.
I nvestigators working with species unfamiliar to them should
obtain all pertinent information before confining those ani-
mals. It also may be necessary to test and compare several
methods of housing to determine the most appropriate one
for the well-being of the animal and the purpose of the study.
Findings should be part of a permanent record system and
animal logbook associated with the study and the mainte-
nance facility.

Housing

Housing for wild vertebrates should approximate natural
conditions as closely as possible. Housing should provide
safety and comfort for the animal as well as meet the study
objectives. Methods of housing should provide for behav-
ioral needs, safety, adequate exercise and rest, and condi-
tionsfor the general well-being of theanimal . Considerations
depend on the animal involved and include isolation or ref-
uge areas, natural materials, dust and water baths, natural
foods, sunlight, and fresh air. Housing should incorporate as
many aspects of natural living as possible, such as brushy
areas for escape, resting cover, shade and protection from
environmental elements, anatural stream traversing the pen,
rocky areas for hoofed animals that need to wear down their
hooves, and social groups of animals kept together. Housing
of compatible speciesin acommon pen also will providefor
social interaction. Frequency of cleaning should be a com-
promise between level of cleanliness necessary to prevent
disease and amount of stressimposed by cleaning (Fig. 6.8).

In general, housing must be of adequate sizeto allow for
the physical and behavioral needs of the animals, while
allowing scientiststo collect appropriate data. For many hous-
ing situations, the pen can belarge and natural, with asmaller
internal or attached catch pen to restrain animals for experi-
mental techniques. Pen construction materials must provide
for the safety of the animals, as well as prevent the animals
from escaping. Materials should be of sufficient durability
to last for the intended period of confinement. When long-
term confinement (weeks or longer) is necessary, or pensare
to be reused, materials with impervious surfaces should be
used to facilitate sanitation and minimize the potential for
survival of animal pathogens. All animalsthat areinherently
dangerous, are environmentally injurious, or have a propen-
sity for escape require special attention. Double walls or

Figure 6.8 A high quality enclosure for New Zealand black
stilt that approximates several aspects of the natural habitat
and provides safety and comfort for the birds.

double enclosures, covered tops of enclosures, and construc-
tion with metal bars or chain link may be required, depend-
ing on the species. Mesh size and spacing between fencing
materials must be small enough to prevent the head of an
animal from extending through the fence. Smaller fencing
mesh also is more visible to animals. Colored flagging ma-
terial may be necessary for animalsto visualize fencing un-
til they become accustomed toit. Animal s should be rel eased
into the housing in a calm and unstressed manner so that
initial mortality and morbidity from fence encounters are
minimal. A small dose of tranquilizer often will reduce the
immediate flight response when an animal is released into
the housing and may help prevent initial injuries. Once ani-
mals have investigated the limits of the housing, injury oc-
currenceisminimizedif investigators do not cause undo flight
reactions.

Adequacy of housing often can be judged on normal be-
havior patterns, weight gains and growth, survival rates, re-
productive success, and physical appearance of the animals
involved in the research project. Established guidelines for
housing laboratory and farm animals were provided by the
Canadian Council on Animal Care (1980, 1984). Additional
guidelinesfor housing requirements of fish, amphibians rep-
tiles, wild birds, and small mammals were reported by the
appropriate professional societies and appear in the Animal
Welfare Act (see also “Professional society guidelines’ at
the end of this chapter).

Nutrition

Nutrition must meet the needs of the animal unlessdevia-
tionsare an approved purpose of the investigation. Research-
ersareresponsiblefor determining the appropriate nutritional
needs of study animals prior to placing them in confinement
and for obtaining adequate food supplies to sustain the ani-
mals during the period of confinement. Feeding and water-
ing should be under the direct supervision of an individual

Guidelines for Proper Care and Use of Wildlife in Field Research 63

Photo by Milton Friend



trained and experienced in animal care for the species being
maintained. Animal care personnel must be familiar with the
animals being studied so abnormalities in appearance and
behavior that may be indicative of nutritional deficiencies
can be recognized quickly.

Transportation

General Considerations

A variety of vehicles such as conventional motor vehicles,
all-terrain vehicles, snow machines, rotary and fixed-wing
aircraft, and boats are used to transport wild animals. The
species involved, method of transportation selected, and
length of time an animal is to be transported are important
factors regarding the type of care and conditions of contain-
ment required to maintain the animal in a state of well-

Figure 6.9 (A) Restraint of big-
horn sheep being translocated
via helicopter. The legs have
been immobilized to prevent in-
jury to the animal and holders.
(B) Blinders on this caribou re-
duces stress from the presence
of humans. Legs are restrained
similar to the procedure shown
for the bighorn sheep.
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being (Fig. 6.9). To the extent possible, selection of trans-
portation vehicles should take into account maintenance of
the animal in a comfortable environment. Veterinary assis-
tance may be required to prescribe and administer appropriate
tranquilizers or other drugs when conditions of transporta-
tion arelikely toresult in ahigh level of stressto the animal
due to its behavioral and physiological characteristics, re-
strictions of confinement, engine noise, and rigors of thetrip.
The transportation process should be as brief as possible.
This can be expedited by proper and adequate planning to
assure that transportation vehicles and housing units in ap-
propriate numbers and size are available and ready for use
as needed; that food, water, bedding, and other needsto pro-
vide for the animals also are available; that individuals in-
volved in the transportation process are trained in the proce-
dures to be used in containment and transportation of the

Photos by Julie Langenberg, International Crane Foundation



animals; and that all permits, health certificates, and other
paperwork have been completed to the extent possible.

When interstate movement of animals or shipment by
commercial carriers is involved, scheduling of transporta-
tion segments to minimize the number of transfers and de-
lays between transfers, having someone involved with the
project meet the shipment at each transfer point, and, when
appropriate, arranging for prompt clearance of animals by
veterinary and customsinspectors can result in major reduc-
tions in transit time. The receiving party should be on-site
when the animals reach their destination.

For some species, periodic rest periods are required to
allow the animalsto feed undisturbed. Other speciesare best
transported when they are normally inactive and do not feed.
Ventilation within the housing unit and transportation ve-
hicle should provide for adequate air movement to keep ani-
mals comfortable and avoid buildup of exhaust gases. Sub-
dued lighting and visual barriers between animals and hu-
mans and between animals and their transportation environ-
ment should be provided to help keep the animalscam. The
U.S. Fish and Wildlife Service has published rules for the
Humane and Healthful Transport of Wild Animalsand Birds
to the United States (see Fed Reg. 50 CFR Part 14).

Confinement During Shipping

Animal containers should beinspected to assure they have
no sharp edges, protrusions, or rough surfaces that could
cause injury during transport. When appropriate, containers
also should be padded to help prevent injury. The floor of
shipping containers should allow reasonable footing to pre-
vent falling dueto aslippery surface. Also, contai ners should
not have coatings or be constructed of materialsthat aretoxic
and could be consumed by the animal through licking or
chewing during transportation. In general, housing units of
porous materials, such as cardboard boxes, should not be
reused; all other containers used to house animals should be
suitably disinfected between uses (Fig. 6.10). That portion
of the transportation vehicle used to contain the housing units
also should be disinfected.

Grouping or separation of animals being transported at
the sametime should takeinto consideration the species, age,
and other appropriate factors. Direct contact generally should
be maintained between females and their dependent young,
particularly if abandonment may result (unless the young
are to be maintained by some other means). Birds should be
isolated in separate cells within the shipping container; if
this cannot be done, each individual should have sufficient
space to assume normal postures and engage in comfort and
maintenance activities unimpeded by other birds (Ad Hoc
Committee on the Use of Wild Birdsin Research, 1988).

Health Aspects

For short-term transportation (lessthan 30 min), basic con-
siderationsareto prevent pain, injury, and undue stress. Ther-

moregulation capabilities of the species must be considered
when an animal is removed from its existing environment
and placed in the transportation environment. Transported
animals should be protected from exposure to inclement
weather, harsh environmental conditions, and major tempera-
ture fluctuations and extremes.

Bedding, feed, and water should be provided, as appro-
priate, and the animals should be observed periodically to
determinetheir state of well-being during transportation. On-
site veterinary assistance may be warranted to monitor ani-
mals and to provide life-support assistance should a medical
emergency occur during transportation or at the release or
field study site. Selection of veterinary assistance should
focuson theindividual’s knowledge and experience with the
wildlife species involved. Any animals that die during tran-
sit should be removed as soon as practical from the sight and
olfactory detection of other animalsbeing transported. These
carcasses should be retained for pathological examinations
regarding cause of death. Similarly, animals that become
severely injured or clinicaly ill should be removed and re-
sponsibly euthanized. Euthanasia should not take place in
the presence of other live animals. Sick animals disposed of
in this manner also should be retained for pathological as-
sessments. Determinations of cause of death are needed to
assess Whether the remaining animals are at risk from patho-
gens associated with the dead animals.

Surgical and Medical Procedures

Guidelines for wildlife medical procedures

Wildlife field research can involve surgical and medi-
cal procedures such as implanting radio transmitters
and surgical sex determination in birds. Incorporation
of such techniquesinto aresearch protocol should fol-
low these guidelines:

1. Surgical and medical techniques used should be
based on accepted protocols for the studied species or
for the most closely related domesticated species. The
Canadian Council on Animal Care's (1984) Guide to
the Care and Use of Experimental Animals, Volume 2,
isagood source of such information.

2. Protocols should be developed and, if possible,
implemented in collaboration with a qualified veteri-
narian. Only properly trained personnel, conversant in
all techniques necessary, should conduct the proce-
dures.

3. Protocols must be reviewed carefully by the ACUC
with special attention paid to limiting pain during the
actual procedure and post-procedure period.

4. Adequate anesthesia and/or analgesia must be pro-
vided.
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Figure 6.10 (A) Canada geese restrained
within burlap bags with openings for the head
and neck for short-distance transportation by
vehicle. (B) Porous materials such as these bags
and the cardboard boxes these Hungarian par-
tridge are being released from should not be
reused for animal transport. More permanent
holding containers such as (C) plastic poultry
crates and (D) large animal crates should be thor-
oughly washed and disinfected between uses.
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Minor Procedures

Minor medical procedures such as collection of blood,
administration of drugs intravenously or intramuscularly,
biopsies of superficial structures such as skin, and sutured
attachment of radio transmitters usually can be performed
safely and responsibly in thefield without complicated equip-
ment. However, it isthe researcher’ sresponsibility to choose
the least invasive and least painful technique, minimize the
duration of the procedure, use the most appropriate equip-
ment and aseptic technique, and provide analgesia or seda-
tion when indicated.

Major Procedures

As defined by the Animal Welfare Act, major operative
procedures are (p. 36,121) “any surgical intervention that
penetrates and exposesabody cavity or any procedure which
produces permanent impairment of physical or physiologi-
cal functions.” Major surgical procedures, when survival of
theanimal isintended, should be performed only under proper
anesthesia and with sterile technique. Examples of major
procedures used in wildlife research include laparotomy,
surgical flight restraint, and sterilization. These procedures
should be performed only in a clean space set aside for ster-
ile surgery, with surgical instruments and drapes of the proper
type, and with anesthesia protocols judged to be safe and
responsible for the species involved. Necessary equipment
and trained personnel to deal with surgery or anesthesia-
related emergencies (i.e., severe blood loss, cessation of
breathing or cardiac function, severe hypo- or hyperthermia,
acid-base imbalances) should be available at all times. This
will maximize the success and subsequent scientific return
from those often costly procedures and, therefore, minimize
the number of animals needed and amount of animal dis-
tress (Fig. 6.11).

Figure 6.11 |Invasive surgical procedures should be done
only by properly trained personnel knowledgeable of tech-
niques necessary to successfully carry out the procedure and
appropriately respond to medical emergencies that might
arise.

Photo by J. Christian Franson

Medical Considerations

Wildlife field researchers should have access to veteri-
nary consultation and take responsibility to prepare them-
selves to deal with any health problems that might arise in
their study population. Sometimes intervention and control
of a natural disease process may not be advisable and may
interfere with the study’s goals. However, if the health prob-
lem arises due to the researcher’ swork, or if it will interfere
with the study, the researcher must be ready to respond. Prepa-
rations should include gaining familiarity with the common
diseases and health problems of the species under study, es-
tablishing a contact with a veterinary consultant, and having
appropriatetreatment or control equipment and drugs on hand
or easily accessible. The researcher also is responsible for
evaluating the possible impact of disease in the study ani-
mals on the larger population or ecosystem as a whole, and
for making the maintenance of their welfare a priority as
decisions are made. This is especially true when release or
translocation of animals is part of a study; disease must be
considered in evaluating the advisability of the program.

Euthanasia

Euthanasia is defined under the Animal Welfare Act as
(p. 36,121) “the humane destruction of an animal accom-
plished by a method that produces rapid unconsciousness
and subsequent death without evidence of pain or distress,
or a method that utilizes anesthesia produced by an agent
that causes painless loss of consciousness and subsequent
death.” Euthanasia may not be an approved component of a
field study, but it may become anecessary health care option
inastudy involving capture, restraint, or surgical procedures.
Therefore, al wildlife researchersinvolved in invasive stud-
ies must be familiar with the approved euthanasia methods
for their study species (Andrews and others, 1993) and have
the appropriate equipment/drugs on hand so euthanasia can
be performed quickly.

Disease Considerations

Field investigators need to be fully aware of disease con-
cepts so they may avoid introduction of new disease prob-
lemsinto animal populations or the spread of diseaseto other
populations and locations as a result of their studies. Dis-
ease introductions and spread occur as a result of animals
brought to the field research site to serve as biological senti-
nels, as decoysto lure and capture other animals, for species
introductions or rel easesto supplement existing populations,
for behavioral studies, for assistance in tracking or retriev-
ing animals, and for other purposes. All of these uses of ani-
mal s involve acceptable methods for scientific research and
wildlife management. However, under no circumstances
should the well-being of free-ranging wildlife populations
be unduly jeopardized by disease risks associated with ani-
mal usein field research. Field investigators have ethical and
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professional obligationsto take appropriate actionsfor mini-
mizing the introduction of the following: (a) new disease
agents, (b) vectors (e.g., ticksand internal parasites) capable
of efficiently transmitting indigenous, dormant diseases or
those not currently being effectively transmitted, and (c) spe-
cies that can serve as amplification hosts for transmitting
indigenous diseases to other species (Fig. 6.12).

In addition, animalsthat are highly susceptibleto diseases
indigenous to the study location should not be released into
the wild without using applicable prophylactic measures,
unless these animals are to serve as biological sentinels for
disease investigations. Biological sentinels should be moni-
tored closely and euthanized by approved, responsible meth-
ods as soon as is practical after study objectives have been
met.

Diseaseintroduction and spread can result from mechani-
cal means such as contaminated personnel, supplies, and
equipment in addition to the biological processes identified
above. Stepstaken to address disease prevention are far more
cost effective than disease control activities initiated after a
problem has devel oped.

Figure 6.12 Wildlife are often referred to as a “biological package” as the relocation of animals may
involve life forms other than the animals themselves. The ticks feeding on this velvet covered antler could
be disease carriers. Once introduced into a new area, the ticks may become an important vector for
transmission of an indigenous disease. Disease potential is an important consideration that should be
adequately addressed when translocating wildlife.
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Wildlife disease prevention during field research
Protection of free-ranging wildlife from disease is aided by the following actions:

1. Appropriate health certification should be required for all animals being brought to the site of
field investigations. State veterinary officials should be contacted to determine what specific test-
ing must be done when animals are moved into their jurisdiction.

2. Appropriate disinfection procedures should be used for investigators and their equipment when
disease risks are present.

3. Prior knowledge of disease activity at the study site should be obtained to guide actionsinvolv-
ing the research study.

4. Source for any animals being brought to afield investigation site (captive-reared and relocated
wild stock) should be evaluated for inherent disease problems, and appropriate steps should be
taken to avoid disease introductions.

5. To the extent possible, animals should be held under surveillance for 15-30 days prior to their
release into the wild, and only healthy animals should be released. These animals should not be
mixed with other species during transportation and should be isolated from other animals during
the surveillance period.

6. Any animals that die should be examined by a disease diagnostic laboratory having compe-
tency for determining cause of death in the species involved; these findings should be used to
guide appropriate actions (Fig. 6.13).

7. Animalsthat become clinically ill should be examined by disease specialists, and their counsel
should be used to protect the well-being of other animals within the study area.

Photo by James Runningen

Figure 6.13 Timely diagnosis of causes of wildlife morbidity and mortality is in-
valuable for the detection of emerging hazards that can jeopardize the well-being of
the population being studied and may be of great potential consequences. Submis-
sion of animals that die to competent laboratories provides information useful for
intervention.
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Animal Disposition at Completion
of Study

When live animals are in the possession of investigators
or under their control at the time of study completion, an
evaluation must be made as to whether these animal s can be
released to a free-ranging existence, should be maintained
under controlled conditions, or should be euthanized.

Animal release guidelines

Asageneral rule, field-captured animals should be re-
leased only:

1. At the site of the original capture, unless conserva-
tion efforts or safety considerations dictate otherwise.
Prior approval for releases at noncapture sites should
be obtained from appropriate State/Federal agencies.
Relocation release sites should be within the native
range of the species, or established rangefor introduced
species, and be in habitat suitable for species survival;

2. When the released animal can be reasonably ex-
pected to function normally within the population;

3. When local and seasonal conditions are conducive
to survival;

4. When the ability to survive in nature has not been
irreversibly impaired; and

5. When release is not likely to spread pathogens or
contribute to disease processes in other ways.

The decision of whether to rel ease captive-reared animals
into the wild after completion of afield research project de-
mands more rigorous eval uation than for field-captured ani-
mals. In addition to evaluating the future well-being of the
animal being released, impacts on other animals of the same
species and competition and risks for other species sharing
that environment also must be considered. Rarely, if ever,
will releases of captive-reared animals at the completion of
research studies be justified on the basis of animal welfare
considerations.

When animals are to be released, efforts should be made
to enhance their chances of survival. Animals should be in
good physical condition and released when weather condi-
tions are favorable, at a time of day when they are able to
locate food and cover that meet survival needs.

Animalsthat cannot be released should be considered for
distribution to other scientists for further study. However, if
the animal was subject to amajor invasive procedure, it may
not be appropriate for additional experimentation. Animals
not suitablefor research may be suitable display animalsthat
can be donated to a zoo or other type of educational institu-
tion.

When animals must be euthanized, responsible methods
appropriate for the species and circumstances must be used.
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Care must be taken to assure that the animal is dead before
disposal of the carcass. Also, disposal procedures must pre-
vent carcasses contai ning toxic substances or drugs from the
research investigations or euthanasia proceduresto enter the
food web of other animals. To the extent feasible, euthanized
animals should be properly preserved and used as voucher
specimens or for teaching purposes.

Safety Considerations

Researchers working with free-ranging wildlife are sub-
ject to enhanced level s of exposureto wildlife diseasestrans-
missible to humans. Disease transmission may involve
direct contact with infected animals such as those with
rabies, contact with disease vectors such as ticks transmit-
ting Lyme disease, or contact with contaminated environ-
ments such as hird roosts harboring histoplasmosis. Field
investigators should become familiar with the common dis-
eases of wildlife species they are working with and the rela-
tive prevalence of those diseases in the populations they are
studying. Consultation with a physician regarding immuni-
zation or other preventative treatment is advised when seri-
ous diseases for humans commonly occur in the populations
being studied. Investigators who become ill should seek
medical assistance and advisetheir physicians of their expo-
sure to potentialy hazardous animals, diseases, and envi-
ronmental conditions.
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Section 2
Bacterial Diseases

Avian Cholera
Tuberculosis
Salmonellosis
Chlamydiosis
Mycoplasmosis

Miscellaneous Bacterial Diseases

Inoculating media for culture of bacteria
Photo by Phillip J. Redman




Introduction to Bacterial Diseases

“Consider the difference in size between some of the very tiniest and the very largest creatures on
Earth. A small bacterium weighs as little as 0.00000000001 gram. A blue whale weighs about
100,000,000 grams. Yet a bacterium can kill a whale...Such is the adaptability and versatility of
microorganisms as compared with humans and other so-called ‘higher’ organisms, that they will
doubtless continue to colonize and alter the face of the Earth long after we and the rest of our
cohabitants have left the stage forever. Microbes, not macrobes, rule the world.”

(Bernard Dixon)

Diseases caused by bacteria are a more common cause of
mortality in wild birds than are those caused by viruses. In
addition to infection, some bacteria cause disease as aresult
of potent toxins that they produce. Bacteria of the genus
Clostridium are responsible for more wild bird deaths than
are other disease agents. Clostridiumbotulinum, which causes
avian botulism, is primarily aform of food poisoning and it
isincluded within the section on biotoxins (see Chapter 38).
Other Clostridiumsp. that colonizeintestinal tissues produce
toxins that cause severe hemorrhaging of the intestine, thus
leading to tissue death or necrosis and intoxication of the
bird due to the exotoxins produced by the bacterial cell. The
descriptive pathology is referred to as a necrotizing gastro-
enteritis or necrotic enteritis and the disease as clostridial
enterotoxemia. The classic examplein gallinaceousbirds such
as quail, turkey, pheasant, grouse, and partridge, is ulcer-
ativeenteritisor quail disease, whichiscaused by Clostridium
colinium; quail are the species most susceptible to that dis-
ease. Necrotic enteritis of wild waterbirds, especially geese,
has been reported with increasing frequency during recent
years. Clostridium perfringens has been associated with these
deaths.

The frequency of wild bird mortality events and the vari-
ety of infectiousbacterial diseases causing that mortality has
increased greatly during recent decades. Avian cholera has
become the most important infecti ous disease of waterbirds,
but it did not appear in North American waterfow! or other
waterbirdsuntil 1944. Most of the geographi c expansion and
increased frequency of outbreaks of avian cholera has oc-
curred since 1970. Avian tuberculosisis a historic disease of
captive birds, but it isrelatively rarein North American wild
birds. The high prevalence of avian tuberculosis infection
that has occurred since 1982 in a free-living foster-parented

Quote from:

Garrett, L., 1994, The coming plague—Newly emerging diseases
in aworld out of balance: Farrar, Straus, and Giroux, New
York, N.Y., p. 411.
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whooping crane population has challenged the survival of
that subpopulation of cranes. Salmonellosis has become a
major source of mortality at birdfeeders throughout the
Nation, and mycoplasmosisin house finches has become the
most rapidly spreading infectious disease ever seen in wild
birds. Thisdisease reached the Mississippi River and beyond
within 2 years of the 1994 index cases in the Washington,
D.C. area

Avian botulism has also expanded in geographic distri-
bution and has gained increased prominence as a disease of
waterbirds. It is undoubtedly the most important disease of
waterbirds worldwide. Much of the geographic expansion
of avian botulism has occurred during the past quarter-
century.

Asagroup, bacterial diseases pose greater human health
risks than viral diseases of wild birds. Of the diseases ad-
dressed in thissection, chlamydiosis, or ornithosis, posesthe
greatest risk to humans. Avian tubercul osis can be a signifi-
cant risk for humans who are immunocompromised. Salmo-
nellosisisacommon, but seldom fatal, human infection that
can be acquired from infected wild birds. This section pro-
videsindividual chapters about only the more common and
significant bacterial diseases of wild birds. Numerous other
diseases afflict wild birds, some of which are identified in
the chapter on Miscellaneous Bacterial Diseasesincluded at
the end of this section.

Timely and accurate identification of causes of mortality
is needed to properly guide disease control operations. The
magnitude of losses and the rapidity with which those losses
can occur, as reflected in the chapters of this section, should
be a strong incentive for those who are interested in the con-
servation of wild species to seek disease diagnostic evalua-
tions when sick and dead birds are encountered. In order to
accurately determine what diseases are present, specimens
need to be sent to diagnostic laboratories that are familiar
with the wide variety of possible diseases that may afflict
wild birds. Those |aboratories must also have the capability
to isolate and identify the causative agentsinvolved. Several
sourcesof wildlife disease expertise that might be called upon
when wildlife mortality occurs are identified within Appen-
dixB .



Chapter 7
Avian Cholera

Synonyms
Fowl cholera, avian pasteurellosis, avian hemorrhagic
septicemia

Cause

Avian cholerais a contagious disease resulting from in-
fection by the bacterium Pasteurella multocida. Several sub-
species of bacteriahave been proposed for P. multocida, and
at least 16 different P. multocida serotypes or characteristics
of antigensin bacterial cellsthat differentiate bacterial vari-
ants from each other have been recognized. The serotypes
are further differentiated by other methods, including DNA
fingerprinting. These evaluations are useful for studying the
ecology of avian cholera (Fig. 7.1), because different sero-
typesare generally found in poultry and free-ranging migra-
tory birds. These evaluations also show that different P.
multocida serotypes are found in wild birds in the eastern
United States than those that are found in the birdsin the rest
of the Nation (Fig. 7.2).

Acute P. multocida infections are common and they can
result in bird deaths 6-12 hours after exposure, although

24-48 hoursis more common. Susceptibility to infection and
the course of disease — whether or not it is acute or chronic
— is dependent upon many factors including sex, age, ge-
netic variation, immune status from previous exposure, con-
current infection, nutritional status, and other aspects of the
host; strain virulence and other aspects of the bacterium; and
dose and route of exposure. Infection in poultry generally
resultswhen P. multocida entersthe tissues of birdsthrough
the mucous membranes of the pharynx or upper air passages.
The bacterium can also enter through the membranes of the
eye or through cuts and abrasions in the skin. It is assumed
that transmission is similar in wild birds.

Environmental contamination from diseased birds is a
primary source for infection. High concentrations of
P. multocida can befound for several weeksin waterswhere
waterfowl and other birds die from this disease. Wetlands
and other areas can be contaminated by the body discharges
of diseased birds. Asmuch as 15 milliliters of nasal discharge
containing massive numbers of P. multocida have been col-
lected from a single snow goose. Even greater amounts of
bacteria enter the environment when scavengers open the
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Figure 7.1 Distribution of Pasteurella multocida serotypes from 561 wild bird isolates from the United States.
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Route of transmission and field situation Comments

Bird-to-bird contact

Secretions from infected birds shedding P. multocida.

Requires close contact, such as when individuals struggle over aquatic
plants that they are feeding upon.

Ingestion

!

Probably most common route for transmission.
Consumption of diseased carcasses by scavengers and predators.

Ingestion of P. multocida in food and water from contaminated
environments.

Aerosol

May be important in heavily contaminated environments, such as
during major die-offs.

Activities that result in splashing of surface waters result in bacteria-
laden sprays when water becomes contaminated.

Insects

Biting insects that feed on birds after having fed upon contaminated
carcasses or contaminated environments (ticks, mites, flies).

Insects fed upon by birds (maggots, flies) following ingestion of
P. multocida by the insect when feeding.

Animal bites

Not thought to be an important route for infection of wild birds.

Nonfatal bites from small mammals, such as raccoon, can result in
P. multocida infections that become systemic and possibly initiate
disease outbreaks.

Thought to occur in some domestic turkey flocks, not yet demonstrated
in wild birds.

Fomites
(inanimate objects) =

Contaminated cages, equipment, and clothing used in field operations
can serve as mechanical transport mechanisms for introducing
P. multocida.

Environmental persistence of P. multocida is sufficient for this to be a
consideration when personnel and equipment are used to combat an
avian cholera outbreak and then are to be redirected for other
activities.

Figure 7.3 Potential means for transmission of avian cholera to free-ranging wild birds.
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carcasses of diseased birds. Avian cholera can be transmit-
ted within this contaminated environment in several ways.
Ingestion of bacteriain contaminated food and water, includ-
ing scavenging of diseased carcasses, isan important source
of infection for wild birds. The disease can be transmitted
by direct bird-to-bird contact, either between infected and
noninfected live birds, or between infected carcasses that
serve as “decoys’ and noninfected live birds. Aerosol trans-
mission isalso thought to take place. Inwetlandswhere avian
cholerabreaks out, the highest concentrations of P. multocida
are found near the water surface rather than deep in the
water column. Birdslanding, taking flight, bathing, and other-
wise causing disturbance of the water surface cause bacteria
laden aerosols, which can serve to infect those birds. Other
means for transmission of avian cholera have also been re-
ported, each of which may occur for specific situations, but
none of which are primary means for disease transmission
inwild birds (Fig. 7.3).

Theroleof disease carriersasameansfor initiating avian
choleraoutbreaksin wild birds haslong been postulated be-
cause chronically infected birds are considered to be amajor
source for infection of poultry. It has been reported that the
only limit to the duration of the chronic carrier state is the
lifespan of theinfected bird. Disease carriers have been con-
clusively established for poultry, and P. multocida can com-
monly be isolated from the mouth area or tonsils of most
farm animals, dogs, cats, rats, and other mammals (Fig. 7.4).
However, types of P. multocida that are found in most mam-
mals do not generally cause disease in birds (see Species
Affected, this chapter). The role of disease carriers among
migratory species of wild birds has long been suggested by
the patterns of avian cholera outbreaks in wild waterfowl,
but it has not been clearly established by scientific investi-
gations. Recent findings by investigators at the National
Wildlife Health Center (NWHC) have provided evidencethat
disease carriersexist in snow goose breeding colonies. Shed-
ding of P. multocida by disease carriersislikely to bethrough
excretions from the mouth, which isthe areawhere the bac-
teria are sequestered in carriers and is the means for dis-
semination of P. multocida by poultry. Poultry feces very
seldom contain viable P. multocida, and thereisno evidence
that P. multocida is transmitted through the egg.

Species Affected

It islikely that most species of birds and mammals can
become infected with P. multocida; however, there are mul-
tiple strains of thisbacterium and those different strainsvary
considerably intheir ability to cause diseasein different ani-
mals. These differences are most pronounced for cross-
infections between birds and mammals. Strainsisolated from
birds will usually kill rabbits and mice but not other mam-
mals. Strains isolated from cattle and sheep do not readily
cause clinical disease in birds. However, some strains from
pigs have been shown to be highly virulent (very few organ-

Domestic animals

Cattle, horses, swine, goats, sheep
Dogs, cats
Gerbils, rabbits

b )

Big game

Elk and deer
Caribou and reindeer
Bighorn sheep

Bison

Pronghorn antelope

Carnivores
Bears

Lynx, bobcat, puma
Foxes
Weasels, mink

o

Raccoon

Rodents

Rats, mice, voles
Muskrats, nutria
Chipmunks

N

Pinnipeds
Sea lions, fur seals

Rabbits
Cottontail rabbits

Domestic poultry

Chickens, turkeys
Ducks, geese
Pigeons

Figure 7.4 Partial list of domestic species and wild mam-
mals from which Pasteurella multocida has been isolated.
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isms cause serious disease) for poultry. Also, cultures from
the mouths of raccoons were pathogenic or caused disease
in domestic turkeys. Bite-wound infections by raccoons have
been postulated as a source of avian cholera outbreaks in
poultry. An interspecies chain of avian choleratransmission
has been described in free-ranging California wildlife that
involved waterbirds, mice, and avian scavengers and preda-
tors (Fig. 7.5).

More than 100 species of free-ranging wild birds are
known to have been naturally infected with P. multocida (Fig.
7.6) inaddition to poultry and other avian speciesbeing main-
tained in captivity. Infection in free-ranging vultures has not
been reported, although a king vulture is reported to have
died from avian cholera at the London Zoo. As a group,
waterfowl and several other types of waterbirds are most
often the speciesinvolved in major avian choleramortalities
of wild birds. Scavenger species, such as crows and gulls,
are also commonly diagnosed with avian cholera, but deaths
of raptors, such as falcons and eagles, are far less frequent
(Fig. 7.7). However, there have been severa reports of avian
cholerain birds kept by falconers, both from birds consum-
ing infected prey when being flown and from being fed birds
that died from avian cholera. Waterfowl and coots experi-

ence the greatest magnitude of wild bird losses from this
disease (Fig. 7.8). In general, species losses during most
major outbreaks are closely related to the kinds of species
present and to the numbers of each of those species present
during the acute period of the die-off. During smaller events,
although several species may be present, mortality may strike
only one or several species and the rest of the species that
are present may be unaffected. Major outbreaks among wild
birds other than waterbirds are uncommon.

Impacts on population levels for various species are un-
known because of the difficulty of obtaining adequate as-
sessments in free-ranging migratory birds. However, the
magnitude of lossesfrom individual eventsand the frequency
of outbreaks in some subpopulations have raised concerns
about the biological costsfrom avian cholera. Diseasethat is
easily spread through susceptible hosts can be devastating
when bird density is high, such asfor poultry operations and
wild waterfowl aggregations (Fig. 7.9). Mortality from avian
cholerain poultry flocks may exceed 50 percent of the popu-
lation. An outbreak in domestic geese killed 80 percent of a
flock of 4,000 birds. Similar explosive outbreaks strike in
free-ranging migratory birds. Peak mortality in wild water-
fowl has exceeded more than 1,000 birds per day.

Infection by Pasteurella multocida

Live coots and ducks

Contaminated
environment

"b

/

Dead short-eared owls and

northern harrier due to ingestion /

of infected meadow mice \//' 77
I
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Coots and ducks
dead from avian cholera

Dead and sick mice
due to ingestion of
Pasteurella multocida

'E _S;{Lf?@ o

Figure 7.5 Example of an interspecies chain for transmis-
sion of avian cholera that occurred in a California wetland.



BIRD TYPE
Penguins

Loons/grebes
Cormorants

Pelicans

Wading birds (herons,
egrets, etc.,

Ducks/geese/swans

Hawks/eagles/falcons

Gallinaceous bhirds
(pheasant, etc.,)

Cranes

Coots/rails

Shorebirds (stilts,
yellowlegs, etc.,)

Gulls/skuas

Auks
Doves/pigeons
Owls

Swifts
Woodpeckers
Martins
Magpies/jays/crows
Nuthatches
Thrushes/thrashers

Waxwings

Sparrows/starlings/
grackles

Finches

Orioles

| | | | | | |

0 5 10 15 20 25 30 35 40
NUMBER OF SPECIES INFECTED

Figure 7.6 Free-ranging wild birds that have been diagnosed with avian cholera.
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Waterfowl

Songbirds

Upland gamebirds

Raptors

Wading birds

Cranes

Shorebirds

lMajor die-offs occur almost yearly.

Common'
Frequent’
Few®

2Mortality in these species is common but generally involves

small numbers of birds.

3Small number of reports, generally involving individual or small

numbers of birds.

Figure 7.7 Relative occurrence of avian cholera in

wild birds.

80 Field Manual of Wildlife Diseases: Birds

Studies by researchers at the NWHC indicate that some
flocks of snow geese wintering in California have signifi-
cantly reduced survival rates because of this disease. Evalu-
ation of band returns from midcontinent white-fronted geese
and field assessments of other waterfowl populations also
suggest decreased survival rates due to avian cholera during
some years. Avian cholera has periodically caused heavy
losses of breeding eiders and these outbreaks devastate those
colonies.

Avian cholera is clearly an important disease of North
American waterfowl and it requires more intensive studies
to adequately assessimpacts on population dynamics. Avian
cholera now rivals avian botulism for the dubious honor of
being the most important disease of North American water-
fowl. Its threat to endangered avian species is continually
increasing because of increasing numbers of avian cholera
outbreaks and the expanding geographic distribution of this
disease.

Distribution

Avian choleraisbelieved to havefirst occurredin the United
States during the middle to late 1880s, but it was unreported
as adisease of free-ranging migratory birds prior to the win-
ter of 1943-44 when many waterfowl died in the Texas Pan-
handle and near San Francisco, California. Avian choleraout-
breaks involving free-ranging wild birds have now been re-
ported coast-to-coast and border-to-border within the United
States. Although avian choleraisfoundin many countries, there
have beenfew reportsinthescientificliterature of die-offsfrom
avian choleraaffecting free-ranging wild birdsin countriesother
than the United State and Canada. This disease undoubtedly
causes moreinfections and deaths than are reported, and it is
an emerging disease of North American free-ranging migra-
tory birds.

Sporadic cases of avian cholerahave been documented in
the United States since the early 1940s, and perhaps before,
inspeciessuch ascrows, starlings, grackles, sparrows, and other
birdsthat are closely associated with poultry operations. Most
of these wild species are now seldom found to be infected,
perhaps due to changes in poultry husbandry and waste dis-
posal practices. Avian choleraalso broke out in Californiain
free-ranging quail during the early 1940s and in cedar wax-
wings in Ohio during 1968. However, waterfow! are the pri-
mary speciesthat are affected by this disease.

Theemergence of avian choleraasasignificant diseasefor
North American waterfowl began about 1970. The frequency
and severity of avian cholera outbreaks vary greatly among
yearsand geographic areas but the pattern of continual spread
isof major concern (Fig. 7.10). Thefirst outbreaksin eastern
Canadainvolving wild waterfowl were reported during 1964
in eiders nesting on islandsin the St. Lawrence Seaway. The
first outbreaks in western Canada took place in snow geese
during 1977; this disease has occurred annually in western
Canada ever since. Several suspect diagnoses of avian chol-



San Francisco Bay
Winter 1948-49

Texas Panhandle
Winter 1956-57

Florida Everglades
Winter 1967—68

Back Bay, Virginia
Feb.—Mar. 1975

Chesapeake Bay
Mar.—April 1978

Hudson Bay, NWT
July—Aug. 1979

Rainwater Basin, Nebraska
Mar.—April 1980

Saskatchewan Redhead duck
Summer 1988

South Africa Cape cormorant
Summer 1991

Chesapeake Bay
Feb.—April 1994

Banks Island, NWT
Summer 1995

0 25 50 75 100

MORTALITY, IN THOUSANDS

Figure 7.8 Examples of major avian cholera outbreaks in wild birds. (Broken bars indicate
very high but indeterminate mortality.)

Photo by Milton Friend

Figure 7.9 (A) Dense aggregations of waterfowl! facilitate the rapid spread of avian cholera because of the highly infectious
nature of this disease. (B) Large-scale mortality has occurred in such situations.
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EXPLANATION

Frequency of occurrence of avian cholera, by
State (Map A)

B Annual to nearly annual occurrence, often
resulting in deaths of thousands of birds during
individual events

Frequent occurrences, most resulting in death
of moderate to small numbers of birds

in large-scale mortality

[
[] Occasional occurrences, many of which result
]

Occasional occurrences, most resulting in
death of moderate to small numbers of birds

]

Not reported

Time period of first reported occurrence of avian
cholera, by State (Map B)

Bl 1944 —53
[ 1954 —63
[ 1964 —73
] 1974 —83
] 1984 —93
[ 1994 — 97
[ ] Not reported

Figure 7.10 (A) Reported frequency of avian cholera in free-ranging waterfowl in the United States. (B) Reported occurrence
of avian cholera in free-ranging migratory birds in the United States.

erahave been reported for waterfowl mortality eventsin Mexico
during recent years, but these events lack laboratory confir-
mation. The absence of confirmed reports of this disease in
wildwaterfowl in Mexicoislikely duetolack of surveillance
and reporting rather than to the absence of avian cholera.

In the United States, there are four major focal points for
avian cholerain waterfowl: the Central Valley of Cdifornia;
theTule Lake and Klamath Basins of northern Californiaand
southern Oregon; the Texas Panhandle; and Nebraska's Rain-
water Basin below the Platte River in the south-central part of
the State. The movement of avian cholera from these areas
follows the well-defined pathways of waterfowl movement.
The spread of thisdisease along the Missouri and Mi ssissippi
River drainagesis also consistent with waterfowl movement.
No consistent patterns of avian chol eraoutbreaks exist within
theAtlantic Flyway. Thereare periodic outbreaksin eider ducks
nesting off of the coast of Maine and occasional major die-
offsof seaducks, including eiders, within the Chesapeake Bay
of Maryland and Virginia (Fig. 7.11).
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Seasonality

Losses can occur at any time of the year. For poultry,
outbreaks of avian cholera are more prevalent in late sum-
mer, fall, and winter. Thosetime periods have no special bio-
logical associations, except, possibly, with production sched-
ules in response to holiday market demands that influence
poultry age-classes within production facilities. Chickens
become more susceptible asthey reach maturity. Turkeysare
much more susceptible than chickens, and turkeys die at all
ages, but the disease usualy occurs in young mature tur-
keys. Losses in domestic ducks are usually in birds older
than 4 weeks of age.

For wild waterfowl, a predictably seasonal pattern exists
in areas where avian cholera has become well established.
This pattern is closely associated with seasonal migration
patternsand it hasresulted in avian cholerabecoming a“dis-
ease for all seasons,” killing waterfowl during all stages of
their lifecycle (Fig. 7.12). Some areas experience prolonged
periods of avian cholera mortality. Outbreaks in California



normally start during fall and continue into spring. Other
areas have seasonal avian choleraoutbreaksin the same geo-
graphic location. For example, Nebraska, which has had out-
breaks most springs since 1975, now frequently also has
outbreaksin the fall.

Field Signs

Few sick birds are seen during avian cholera outbreaks
because of the acute nature of this disease. However, the
number of sick birds increases when a die-off is prolonged
over several weeks. Sick birds often appear lethargic or
drowsy (Fig. 7.13), and they can be approached quite closely
before they attempt to escape. When captured, these birds
often die quickly, sometimes within a few seconds or min-
utes after being handled. Other birds have convulsions (Fig.
7.14), swim in circles, or throw their heads back between
their wings and die (Fig. 7.15). These signs are similar to
those seen in duck plague and in some types of pesticide
poisoning. Other signs include erratic flight, such as flying
upside down before plunging into the water or onto the
ground, and attempting to land afoot or more above the sur-
face of the water; mucous discharge from the mouth; soiling
and matting of the feathers around the vent, eyes, and bill;
pasty, fawn-colored, or yellow droppings; and blood-stained
droppings or nasal discharges, which also are signs of duck
plague (duck virus enteritis or DVE).

Always suspect avian cholerawhen large numbers of dead
waterfowl arefound in ashort time, when few sick birds are
seen, and when the dead birds appear to be in good flesh.
Death can be so rapid that birds may literally fall out of the
sky or diewhile feeding, with no signs of illness. When sick
birds are captured and die within afew minutes, avian chol-
era should also be suspected. None of the signs described

above are unique to this disease; these signs should be re-
corded as part of any history being submitted with speci-
mens and are considered along with |esions seen at necropsy.

Gross Lesions

Under most conditions, birdsthat have died of avian chol-
erawill have substantial amounts of subcutaneous and vis-
ceral fat, except for seasonal losses of fat. The most promi-
nent lesions seen at necropsy are in the heart and liver and,
sometimes, the gizzard. Hemorrhages of various sizes are
frequently found on the surface of the heart muscle or the
coronary band or both (Fig. 7.16). Hemorrhages are also
sometimes visible on the surface of the gizzard. Areas of
tissue death that appear as small white-to-yellow spots are
commonly seen within the liver. Where the area of tissue
death is greater, the spots are larger and, in some instances,
the area of tissue death is quite extensive (Fig. 7.17).

The occurrence of the abnormalities described for the
heart, liver, and gizzard are dependent upon how long the
bird lived after it became infected. The longer the survival
time, the more abundant and dramatic the lesions. In addi-
tion, there may be changes in the color, size, and texture of
theliver. Thereisdarkening or acopper toneto theliver, and
it may appear swollen and rupture upon handling. Because
birds infected with avian cholera often die so quickly, the
upper portions of the digestive tract may contain recently
ingested food. All of these findings are similar to what might
also be seen with duck plague; therefore, laboratory diagno-
sisis needed.

Freshly dead ducks and geese that have succumbed to
avian choleramay have athick, mucous-like, ropy nasal dis-
charge. The lower portions of the digestive tract (below the
gizzard) commonly contain thickened yellowish fluid (Fig.

EXPLANATION
Avian cholera in waterfowl
outbreak sites, 1944-97

e Outbreak site

Migratory movements
of waterfowl

Figure 7.11 The occurrence of avian
cholera in waterfowl seems to be closely
related to bird movements west of the
Mississippi River. There is no apparent
pattern for outbreaks along the Atlantic
seaboard.
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STATE OR COUNTRY
Maine

Atlantic Flyway

Maryland
Virginia
North Carolina

Florida

Minnesota

Wisconsin

Mississippi Flyway lowa
Missouri
lllinois
Louisiana
Kentucky
Wyoming
Colorado
New Mexico
North Dakota
South Dakota

Nebraska

Kansas

Oklahoma
Texas
Pacific Flyway Washington
Oregon
California
Idaho

Nevada

Montana (western)
Utah
Canada

"Mexico

1Suspected occurrences — not laboratory confirmed
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Figure 7.12 Relative monthly probability for the occurrence of avian cholera in migratory waterfowl, expressed as a percent-
age of outbreaks throughout the year. Information from the National Wildlife Health Center database.
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Photo by Milton Friend
Photo by Milton Friend

Figure 7.13 Lethargic appearance of drake northern pintail Figure 7.14  Avian cholera-infected crow in convulsions.
with avian cholera.
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Photos by Milton Friend

Figure 7.15 Avian cholera-infected drake mallard. (A) Note tossing of head toward back and circular swimming as evidenced
by ripples in water. (B) Bird at death with head resting on back.
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Figure 7.16 Hemorrhages of varying degrees of severity are often seen on the hearts of avian cholera-
infected birds. (A) Pinhead-sized hemorrhages along fatty areas of the heart are readily evident in this
bird. (B) Broad areas of hemorrhage also occur.
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Photos by Milton Friend

Figure 7.17 Lesions in the livers of
avian cholera-infected birds generally
appear as small, discrete, yellowish
spots, which are dead tissue. Note the
variation in size and appearance of
these lesions. (A) Note also the absence
of any apparent heart lesions in one bird,
(B) only a few minor hemorrhages on
the coronary band of another bird, (C)
and more extensive hemorrhages on the
heart muscle of the third bird. Also note
the abundance of fat covering the giz-
zards of all these birds. This fat attests
to the excellent condition these birds
were in before exposure to the bacte-
rium and to the rapidity with which each
bird died.
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Figure 7.18 The thickened, yellowish fluid present in the intestines of this avian cholera-infected bird con-
tains millions of bacteria. These bacteria contaminate the environment when the carcass decomposes or is
scavenged, serving as a source of infection for other wildlife.

7.18). Both of thesefluids are heavily laden with P. multocida
and care must be taken to not contaminate the environment,
field equipment, or oneself with these fluids.

Diagnosis

As with all diseases, isolation of the causative agent is
required for adefinitive diagnosis. A whol e carcass provides
the diagnostician with the opportunity to evaluate gross le-
sions seen at necropsy and also provides all appropriate tis-
suesfor isolation of P. multocida.

When it is not possible to send whole carcasses, send
tissues that can be collected in as sterile a manner as pos-
siblein the field. The most suitable tissues for culturing are
heart blood, liver, and bone marrow. Remove the entire heart
and placeit in aWhirl-Pak® bag for shipment asidentifiedin
Chapter 2, Specimen Collection and Preservation; do not
attempt to remove the blood from the heart. The liver should
also be removed and placed in a separate bag. A major por-
tion of this organ (at least half) should be submitted if it
cannot be removed intact. These samples must be refriger-
ated as soon as possibl e after collection and kept cool during
shipment. When shipment is to be delayed for more than 1
day or when transit timeisexpected to exceed 24 hours, freeze
these specimens.
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P. multocida persists several weeksto several monthsin
bone marrow. The wings of badly scavenged or decomposed
carcasses should be submitted whenever avian cholera is
suspected as the cause of death, and when more suitabletis-
sue samples are not available.

Control

Numerousfactors must be considered in combating avian
cholera (Fig. 7.19). Avian cholerais highly infectious and it
spreads rapidly through waterfowl and other bird popula-
tions. This process is enhanced by the gregarious nature of
most waterfowl species and by dense concentrations of mi-
gratory waterbirds resulting from habitat limitations. The
prolonged environmental persistence of this bacterium fur-
ther promotes new outbreaks (Table 7.1). Pond water re-
mained infective for 3 weeks after dead birds were removed
from one areain California; bacterial survival in soil for up
to 4 months was reported in another study; and the organism
can persist in decaying bird carcasses for at least 3 months.

Early detection of avian cholera outbreaksis afirst line
of defensefor controlling this disease. Frequent surveillance
of areas where migratory birds are concentrated and the
timely submission of carcassesto disease diagnostic labora-
tories allows disease control activitiesto be initiated before

Photo by Milton Friend



Wild bird population
« Immune status varies based on degree of previous
exposure or lack of exposure to Pasteurella multocida
* Small number of disease carriers may be present
« Stress may result in disease transmission by carriers

« Prolonged use of area increases probability for shedding
Pasteurella multocida (red birds and arrows)

« Disease spread facilitated by dense aggregations of birds

<
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* Disease events .

Infected survivors that
become disease carriers
and remain within
population

— Noninfected
» Contacts can initiate disease birds that remain
* Waste materials can CLERER O
contaminate environment Disease
outbreak
Outbresk
;A initiation
Small mammals
Potential bite wound New birds that ‘
infections to initiate continue outbreak v
outbreaks Wild bird populations
Infected individuals
move to other areas
before dying
Raptors and avian scavengers Birds that do not
» Contaminate environment by become infected

opening carcasses

* Become infected by feeding
on carcasses

Increased survival time
results in some birds moving
to new areas before dying

Disease
outbreak

Disease Contaminated environment

outbreak

« Transmission through contaminated food and
water causes disease in other birds

\‘ » Dead birds serve as decoys to attract other birds
to heavily contaminated areas

Noninfected
population

« Aerosol transmission from landings, taking flight,

Noninfected and other splashing

population « Survival of Pasteurella multocida influenced by

environmental factors
» Mice contract disease due to high susceptibility

« Survival of bacteria in carcasses for prolonged
period

* Weeks-to-months survival of bacteria in water and
organic matter

Figure 7.19 Some of the many interrelated factors associated with avian cholera outbreaks in free-ranging wild birds.
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Table 7.1 Examples of reported environmental persistence for Pasteurella multocida.

Substrate Survival time Comments

General Highly variable Amount of moisture, temperature, and pH affect survival of
P. multocida.
Survival in soils enhanced when moisture content is 50
percent or greater.
Survival in water is enhanced by high organic content and
turbidity.
Survival in wetland waters enhanced by presence of
magnesium and chloride ions.

Garden soll 3 months

Unspecified soil 113 days at 3 °C;
15-100 days at 20 °C;

21 days at 26 °C

Poultry yard 2 weeks
Water 3 weeks
99 days
30 days

Infected tissues 120 days but

not 240 days

Fomites
(Inanimate
objects)

8 days but not 30 days

Soil chemistry information needed to properly evaluate
data.

Infectious for birds after last death and removal of all birds.
Following removal of 100 dead snow geese; no other
waterfowl! use.

Water contaminated with turkey litter.

In marsh near carcass that had been opened.

American coot hearts buried in marsh after birds died from
avian cholera.

Dried turkey blood on glass at room temperature.

the outbreaks reach advanced stages. The opportunity to pre-
vent substantial losses is greatest during the early stages of
outbreaks, and costsare minimal in comparison with handling
alarge-scale die-off. Control actions need to be focused on
minimizing the exposure of migratory and scavenger bird
species to P. multocida and minimizing environmental con-
tamination by this organism.

The NWHC recommends carcass collection and incin-
eration as standard procedures. Carcass collection contrib-
utesto avian choleracontrol in several ways. Severa millili-
tersof fluids containing large concentrations of P. multocida
are often discharged from the mouths of birds dying from
thisdisease, resulting in heavy contamination of the surround-
ing area. Carcass decomposition results in additional con-
tamination. These carcasses attract (decoy) other birds,
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thereby increasing the probability for infection. Scavenging
of carcasses aso transmits the disease through the direct
consumption of diseased tissue (oral exposure).

Care must be exercised during carcass collection to mini-
mize the amount of fluid discharged from the mouths of birds
into the environment. Birds should be picked up head first,
preferably by thebill, andimmediately placed in plastic bags.
Care must also be taken to avoid contaminating new areas
while carcasses are transported to the disposal site. Double-
bagging isrecommended to prevent fluids|eaking from punc-
tures to the inner bag. Bags of carcasses should aways be
securely closed before they are removed from the area.

Prompt carcassremoval aso prevents scavenging by avian
species that can mechanically transport infected material to
other sites or by feeding or drinking at other locations fol-



lowing consumption of infected tissue. This situation is ag-
gravated by apparently longer disease-incubation times in
gulls, crows, and some other avian scavengers. Instead of
dying within hours or 1-2 days after exposure to virulent
strains of P. multocida, avian scavengers more typically die
after several daysto 1-2 weeks, and they may die far from
the site of exposure. When these birds die, they may serve as
new potential focal points for contamination.

In some instances, population reduction of gulls and
crows has been used to limit the role of these species in
spreading and transmitting avian cholera. Thistechnique has
limited application and it is not recommended as normal op-
erating procedure. To be most effective, population reduc-
tion must be undertaken before there is a major influx of
scavengersin responseto carcass availability. Also, thetech-
niques used must not result in dispersal of infected birds out
of the area.

Population reduction of infected American coots, gulls,
terns, and eiders has al so been used to directly combat
avian cholera. Destruction of migratory birdsinfected
with this disease can be justified only under special
circumstances and conditions:

1. The outbreak must be discreet and localized rather
than generalized and widespread.

2. Techniques must be available that will allow com-
plete eradication without causing widespread dispersal
of potentially infected birds.

3. The methods used must be specific for target spe-
cies and pose no significant risk for nontarget species.

4. Eradication must be justified on the basis of risk to
other populations if the outbreak is alowed to con-
tinue.

5. The outbreak represents a new geographic exten-
sion of avian cholerainto an important migratory bird
population.

Habitat management is another useful tool for combat-
ing avian cholera outbreaks. In some instances, it may be
necessary to prevent further bird use of a specific wetland or
impoundment becauseitisafocal point for infection of water-
fowl migrating into the area. Drainage of the problem area
in conjunction with creation or enhancement of other habi-
tat within the areathrough water diversion from other sources
or pumping operations denies waterfowl the use of the prob-
lem area and redistributes them into more desirable habitat.
The addition of alarge volume of water to a problem area
can also help to dilute concentrations of P. multocidato less
dangerous levels. These actions require careful evaluation
of bird movement patterns and of the avian cholera disease
cycle. Movement of birds infected with avian cholera from

one geographic location to another site is seldom desirable.

Under extreme conditions, disinfection procedurestokill
P. multocida may bewarranted in wetlands where large num-
bers of birds have died during a short time period. The envi-
ronmental impact of such measures must be evaluated and
appropriate approvals must be obtained before these actions
are undertaken. A more useful approach may be to enhance
the quality of the wetland in away that reduces the survival
of P. multocida; the best means of accomplishing thisis till
being investigated.

Hazing with aircraft has been successfully used to move
whooping cranes away from amajor outbreak of avian chol-
era. This type of disease prevention action can also be ac-
complished by other methods for other species. Eagles can
be attracted to other feeding sites using road-killed animals
as a food source, and waterfowl can be held at sites during
certain times of the year by providing them with refuge and
food. During an avian cholera outbreak in South Dakota, a
large refuge area was temporarily created to hold infected
snow geese in an area by closing it to hunting. At the same
time, amuch larger population of snow geese about 10 miles
away was moved out of the area to prevent transmission of
the disease into that population. The area closed to hunting
was reopened after the desired bird movement had occurred.

Vaccination and postexposure treatment of waterfowl
have both been successfully used to combat avian cholerain
Canada goose propagation flocks. The NWHC has devel-
oped and tested a bacterin or a killed vaccine that totally
protected Canada geese from avian cholerafor the entire 12
months of alaboratory study. This product has been used for
several yearswith good resultsin agiant Canada goose propa-
gation flock that has a great deal of contact with free-flying
wild waterfow! and field outbreaks of avian cholera. Before
use of the bacterin, this flock of Canada geese suffered an
outbreak of avian cholera and was successfully treated with
intramuscular infections of 50 milligrams of oxytetracycline
followed by a 30-day regimen of 500 grams of tetracycline
per ton of feed. A NWHC avian cholera bacterin has also
been used to successfully vaccinate snow geese on Wrangle
Idand, Russia, and Banks|dland, Canada. Vaccine usein these
instances was in association with studies to evaluate avian
cholera impacts on survival rates rather than to control dis-
ease in those subpopulations.

Asyet, thereisno practical method for immunizing large
numbers of free-living migratory birds against avian chol-
era. However, captive propagation flocks can be protected
by this method. Endangered species can be trapped and im-
munized if the degree of risk warrants this action. Live vac-
cines should not be used for migratory birdswithout adequate
safety testing.

Human Health Considerations

Avian cholerais not considered a high risk disease for
humans because of differences in species susceptibility to
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different strains of P. multocida. However, P. multocida in-
fections in humans are not uncommon. Most of these infec-
tions result from an animal bite or scratch, primarily from
dogs and cats. Regardless, the wisdom of wearing gloves
and thoroughly washing skin surfaces is obvious when han-
dling birds that have died from avian cholera.

Infections unrelated to wounds are al so common, and in
the majority of human cases, these involve respiratory tract
exposure. Thisis most apt to happen in confined areas of air
movement where a large amount of infected material is
present. Processing of carcasses associated with avian chol-
era die-offs should be done outdoors or in other areas with
adequate ventilation. When disposing of carcasses by open
burning, personnel should avoid direct exposure to smoke
from the fire.

Milton Friend
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Chapter 8
Tuberculosis

Synonyms
Mycobacteriosis, tuberculosis, TB

Cause

Avian tuberculosis is usually caused by the bacterium
Mycaobacteriumavium. At least 20 different types of M. avium
have been identified, only three of which are known to cause
diseasein birds. Other types of Mycobacterium rarely cause
tuberculosisin most avian species; however, parrots, macaws,
and other large perching birds are susceptible to human and
bovine types of tuberculosis bacilli. Avian tuberculosis gen-
erally is transmitted by direct contact with infected birds,
ingestion of contaminated feed and water, or contact with a
contaminated environment. Inhalation of the bacterium can
cause respiratory tract infections. Wild bird studies in the
Netherlands disclosed tuberculosis-infected puncture-type
injuriesin birds of prey that fight at the nest site (kestrels) or
on the ground (buteo-type buzzards), but tuberculosis-
infected injurieswere not found in accipiters (falcons), which
fight in the air and seldom inflict such wounds.

Species Affected

All avian species are susceptibleto infection by M. avium.
Humans, most livestock species, and other mammals can also
become infected. Recent molecular studies with a limited
number of isolates from birds, humans, and other mammals
clearly indicated that M. avium can be transmitted between
birdsand pigs, but the studies did not disclose asimilar cross
transmission between birds and humansfor theisol atestested.
Itisgenerally accepted that pigs, rabbits, and mink are highly
susceptibleto M. avium; deer can a so becomeinfected. Dogs
appear to be quite resistant to the avian type of tuberculosis
(Fig. 8.1).

In captivity, turkeys, pheasants, quail, cranes, and certain
birds of prey are more commonly infected than waterfowl.
However, when avian tuberculosis becomes established, it
can be a common and lethal disease in captive waterfowl
flocks. Chronic infections exist in some captive nene goose
flocks, making these flocks unsuitable donorsto supplement
the wild population of this endangered species. Pheasants
are unusually susceptible to avian tuberculosis.

Infree-ranging wild birds, avian tubercul osisisfound most
often in species that live in close association with domestic
stock (sparrows and starlings) and in scavengers (crows and
gulls). The prevalence of tuberculosisin free-ranging North
American birds has not been determined, although generally
less than 1 percent of birds examined at postmortem are af-
fected. Sampling biases due to the limited numbers of speci-
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Figure 8.1 Relative susceptibility of various animal groups
to M. avium.

Tuberculosis 93



Chickens
! Captive reared
o Free-ranging
Partridge/qualil
Captive reared
Free-ranging
Cranes
Captive reared
Free-ranging
Pigeons
Captive reared
Free-ranging
Hawks/owls
Captive reared
Free-ranging
Waterfowl
Captive reared
7 Free-ranging
Ll N
Pheasants
Captive reared
Free-ranging
Gulls
‘ Captive reared
Free-ranging
Crows
Captive reared
Free-ranging
Turkeys
Captive reared
Free-ranging
Songbirds

A Captive reared
Free-ranging

Vultures/buzzards

%

Captive reared
Free-ranging

Frequent
Common
Occasional

Not applicable

NN

94 Field Manual of Wildlife Diseases: Birds

mens examined preclude extending findingsto reflect actual
prevalence (Fig. 8.2). A decade-long study of nearly 12,000
wild birds necropsied in the Netherlands disclosed that 0.7
percent of the birds had tuberculosis. The sample included
waterbirds, birds of prey, songbirds, and pheasants. Studies
in the United States disclosed that 0.3 percent of 3,000
waterfowl necropsied were infected with tuberculosis, and a
study in British Columbiafound tuberculosisin 0.6 percent
of morethan 600 wild birds. Tubercul osisin whooping cranes
standsin marked contrast to other wild birds; approximately
39 percent of the western population’s free-ranging whoop-
ing cranes necropsied at the National Wildlife Health Center
have been infected with avian tubercul osis.

Distribution

Avian tuberculosis is a ubiquitous and cosmopolitan dis-
ease of free-ranging, captive, and domestic birds. The dis-
ease ismost commonly found in the North Temperate Zone,
and, within the United States, the highest infection rates in
poultry are in the North Central States. Distribution of this
diseasein free-ranging wild birdsisinferred from birds sub-
mitted for necropsy; however, the sampling underrepresents
both the geographic distribution and the frequency of infec-
tion for individual species. Avian tuberculosis likely exists
in small numbers of free-ranging wild birds wherever there
are mgjor bird concentrations.

Seasonality

Seasond trends of tuberculosisin wild birds have not been
documented. The chronic nature of this disease guarantees
its presence yearround for both wild and captive birds.

Factors that may influence seasonal exposure to tubercu-
losis in migratory birds are changes in habitat used, food
base during the year, and interspecies contacts. Contaminated
sewage and wastewater environments containing tubercle
bacilli are more likely to be used by waterfowl during fall
and winter than during warmer months. Wastewater sitesare
often closed to hunting, thereby serving as refuge areas, and
warm water discharges to these sites maintain open water in
subfreezing temperatures, thus inviting ready use by water-
fowl. Predatory and scavenger species such as raptors and
crows often ingest many different food items during differ-
ent periods of the year; scavengers, therefore, may be ex-
posed to tubercul osis through contaminated food yearround.
Contact between wild birds and poultry and livestock is
often restricted to specific periods of the year owing to hus-
bandry practices. Wild birds may be exposed to M. aviumin
manure that is spread on fields during early spring.

Environmental conditions can greatly affect the suscepti-
bility of birdsto tuberculosis and the prevalence of tubercu-
losisin captive birds. Captive birdsthat are on an inadequate

Figure 8.2 Relative occurrence of avian tuberculosis in birds.



diet and that are maintained in crowded, wet, cold, poorly
ventilated, and unhygienic aviaries have increased suscepti-
bility to tuberculosis.

Field Signs

No clinical signs specifically identify avian tuberculosis
in birds. Advanced disease and clinical signs are seen most
often in adult birds because of the chronic, insidious nature
of the disease. Infected birds are often emaciated, weak, and
lethargic, and they exhibit wasting of the muscles. Thesesigns
are similar to those of lead poisoning and other debilitating
conditions. Other signs depend on which body system is af -
fected and signs may include diarrhea, lameness, and un-
thrifty appearance. Darkening and dulling of plumage have
been reported in the United Kingdom for wood pigeons in-
fected with tuberculosis, but not for other species.

Gross Lesions

Typical cases of avian tuberculosisin wild birds involve
emaciated carcasses with solid-to-soft or crumbly, yellow-
to-white or grey nodules that are less than 1 millimeter to
several centimetersin size and that are deeply embedded in
infected organs and tissues. The liver (Fig. 8.3A) most often
contains such nodules, but the spleen (Fig. 8.3B), lung, and
intestines (Fig. 8.3C) may also contain similar nodules. Ag-
gregations of these nodules may appear as firm, fleshy,
grape-like clusters. Abscesses and nodular growths (Fig. 8.4)
have been reported on the skin of birdsin the same locations
where pox lesions are commonly seen — around the eyes, at
the wing joints, on the legs, side of the face, and base of the
beak. Other birds have died of avian tuberculosis without
any obvious clinical signs or external lesions.

Mk b -.-| a |
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Figure 8.3 The raised, firm nodules in these organs are typi-
cal lesions of avian tuberculosis; (A) liver; (B) spleen; and (C)
intestine.
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Nodular tuberculosis lesions in internal organs are often
grossly similar to those of aspergillosis, and laboratory di-
agnosis is required to differentiate the two diseases as well
as others that produce similar lesions. Less typical lesions
resemble those of other diseases. Sometimesthe primary le-
sions seen at necropsy are enlarged livers and spleens that
are so fragile that they easily rupture upon being handled.
Most of these cases have livers and spleens with a tan-to-
green translucence dueto amyloid deposits. L esscommonly,
in situations where nodules are not formed nor is amyloid
deposited, the liver and spleen can be large, pale, and firm.

The location of primary lesions is an indication of route
of exposure. Intestinal lesions suggest ingestion of M. avium
in contaminated feed or water. L esionsin thelungsand other
areas of the respiratory tract suggest inhalation as the route
of exposure.

Diagnosis

Typically, tuberculosisis discovered in captive birds dur-
ing routine investigation of mortality, and in wild birds dur-
ing carcass examinations associ ated with die-offsdue to other
causes. The gross lesions described above (Fig. 8.3) are sug-
gestive of tuberculosis, but a definitive diagnosisis based on
bacteriological isolation and identification of the organism.
Because M. avium is slow-growing and other bacteria can
easily overgrow it, a noncontaminated sample is needed for
examination. Whole carcasses are preferred, but when a
whole carcass cannot be submitted, remove theleg at the hip
joint, wrapitin clean aluminum foil, placeitin aplastic bag,
and freeze it for shipment to a qualified disease diagnostic
laboratory. The marrow within the femur has the lowest po-
tential for being contaminated and it provides agood sample
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Figure 8.4 Nodular lesion, which was
caused by avian tuberculosis, on the
skin of a canvasback.

Photo by James Runningen

for the bacteriol ogist. When carcass or tissue submissionsto
alaboratory are not possible within a short time, tissue pre-
served in 10 percent buffered formalin solution is useful for
diagnostic purposes (see Chapter 2, Specimen Collection and
Preservation).

The bacterium can aso be isolated from infected tissues
that show gross lesions. Microscopic studies can provide a
diagnosis of tuberculosis, although such studies cannot de-
termine the species of Mycobacterium. Because this disease
is transmissible to humans, extra care must be taken when
handling infected carcasses.

Control

Tuberculosis is difficult to detect in free-ranging birds
despiteitsbroad geographic distribution. Tuberculosisrarely
causes a mgjor die-off, and there are no practical nonlethal
testing procedures for mobile wild birds. Therefore, thereis
no focal point and, hence, no method developed for disease
control in wild bird populations. By contrast, tuberculosis
can cause die-offs in captive flocks, and mortality has been
reported in sea ducks and other birds, including chukar par-
tridge and pheasants. Some captive flocks of wild birds have
experienced losses of nearly 30 percent or more from tuber-
culosis.

Close monitoring of the health of bird popul ations— free-
ranging or captive— is an essential first step toward detect-
ing tubercul osis so that control efforts can be devel oped and
initiated when feasible. Monitoring can best be accomplished
by the timely submission of carcasses to disease diagnostic
laboratories. Tubercul osistesting of birds maintained in cap-
tivity and laboratory analyses of fecal samples from captive
and wild flocks also can be used to identify the presence of
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this disease. These tests do not detect all infected birds, but
the tests are useful for identifying infected flocks.

Fecal contamination of the environment isthe major means
of tuberculosis dissemination; ingestion of the bacterium in
contaminated feed and water is the most common means of
disease transmission. Because this bacterium can survive
outside of the vertebrate host for long time periods in an
organic substrate (Fig. 8.5), afew infected animals can con-
taminate an area that has prolonged bird-use patterns. The
long-term environmental survival of M. avium that is shed
by disease carriers when combined with repeated site use
and, possibly, a high degree of susceptibility to avian tuber-
culosis may be the factors contributing to the high preva-
lence of this disease observed in whooping cranes. A site
can also be contaminated by wastewater discharges contain-
ing M. avium and by the application of contaminated ma-
nurefor fertilizer. Tubercul osis outbreaksin birds have been
associ ated with sewage effluents and discharges from slaugh-
ter houses, meat processing plants, and dairies. In one in-
stance, an outbreak occurred in a captive waterfowl flock
when contaminated water was sprayed into the enclosure.
These events illustrate the importance of disease prevention
for addressing tuberculosisin free-ranging and captive wild
birds.

The use of wastewater for maintaining captive waterfowl
and other wild birds is questionable without adequate test-
ing or treatment or both to assure that the wastewater does
not contain tubercle bacilli. Also, the use of wetlands for
wastewater discharges and the use of wastewater to create
wetlands for migratory bird habitat should be carefully con-
sidered because of the possible presence of M. aviumin the
wastewater. Other actions that should be considered include

preventing land use that could place tuberculosis-infected
swine in close proximity to major wild bird concentrations
and not using unexamined chicken and pigeon carcasses as
food for raptors being reared in captivity for releaseinto the
wild.

Infected flocks of captive birds should be destroyed be-
cause treatment is ineffective and because not all infected
birdswill be detected by current testing procedures. Because
of the long-term environmental persistence of the tubercle
bacilli, additional bird use of the site should be avoided for
approximately 2 years. Vegetation removal and turning of
the soil several times during this period will facilitate sun-
light-induced environmental decay of the bacilli. Eradica-
tion of free-ranging migratory flocksisrarely feasible. How-
ever, when amajor outbreak of tuberculosis occurs in wild
birds, the circumstances should be assessed, and limited
population reduction should be considered if the remaining
population-at-risk iswell defined, limited in immediate dis-
tribution, and involves species that can withstand this ac-
tion. Habitat manipulation, such as drainage, and scaring
devices, such as propane exploders, can sometimes be used
to deny birds use of areas where tuberculosis outbreaks
occur.

Theinsidious nature of avian tubercul osis combined with
the long environmental persistence of the causative bacte-
rium strongly indicate a need to prevent the establishment of
this disease in wild bird populations. When the disease be-
comes established in free-ranging populations, interspecies
transmission and the mobility of free-ranging birds could
serveto spread it widely. The continued persistence of avian
tuberculosis as a major cause of avian mortality in zoologi-
cal collections attests to the difficulty of disease control.
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Human Health Considerations

There are many authenticated cases of M. avium infec-
tion in people, although humans are considered highly resis-
tant to this organism. Avian tuberculosisis generally consid-
ered noncontagious from an infected person to an uninfected
person. Infectionismorelikely to occur in personswith pre-
existent diseases, especially those involving the lungs, and
in persons whose immune systems are impaired by an ill-
ness, such asAIDS or steroid therapy.

Milton Friend
(Modified from an earlier chapter by Thomas J. Roffe)

Supplementary Reading

Karlson, A.G., 1978, Avian tuberculosis, in Montali, R.J., ed.,
Mycobacterial infections of zoo animals: Washington, D.C.,
Smithsonian Institution Press, p. 21-24.

Smit, T., Eger, A., Haagsma, J., and Bakhuizen, T., 1987, Avian
tuberculosisin wild birds in the Netherlands: Journal of
Wildlife Diseases 23, p. 485-487.

Thoen, C.0., 1997, Tuberculosis, in Calnek, B.W., and others,
eds., Diseases of poultry (10th ed.): Ames, lowa, lowa State
University Press, p. 167-178.

Wobeser, G.A., 1997, Tuberculosis, in Diseases of wild waterfowl
(2nd ed): New York, N.Y., Plenum Press, p. 71-75.

98 Field Manual of Wildlife Diseases: Birds



Chapter 9
Salmonellosis

Synonyms
Salmonellosis; paratyphoid; bacillary white diarrhea

(a synonym for pullorum disease); pullorum disease?,
fowl typhoid*

Cause

Avian salmonellosis is caused by a group of bacteria of
the genus salmonella. Approximately 2,300 different strains
of salmonellae have been identified, and these are placed
into groupings called “serovars’ on the basis of their anti-
gensor substances that induce immune response by the host,
such as the production of specific antibody to the antigen.
Current taxonomic nomenclature considers the 2,300 differ-
ent serovarsto be variants of two species, Salmonella enterica
and S. bongori. S. entericaisfurther subdivided into six sub-
species on the basis of biochemical characteristics. Thisre-
sults in complex nomenclature for each serovar, such as, S.
enterica subsp. enterica serovar typhimurium. Readers should
be aware of this convention for naming salmonellae because
they will find this nomenclature in the current scientific lit-
erature. In thischapter, different serovars of salmonellaewill
bereferred to by their previous, less complex nomenclature,
such as S. typhimurium.

Pullorum disease, (S. pullorum) and fowl typhoid (S. gal-
linarum) are two classic and distinctive diseases of poultry
that have received considerable attention because of their
economic impacts. Wild birds have been infected with
pullorum disease and fowl typhoid, but wild birds are more
commonly infected by the variants of salmonellae that are
collectively referred to as paratyphoid forms, of which S. ty-
phimurium is a prominent representative. The paratyphoid
forms constitute the great majority of salmonellae, and they
are becoming increasingly important as causes of illnessand
death in wild birds (Table 9.1).

Salmonella infections can be transmitted in many ways
(Table 9.2), and theimportance of different modesfor trans-
mission varieswith the strain of salmonellae, behavioral and
feeding patterns of the bird species, and husbandry practices
when human intervention becomes part of the hatching and
rearing processes. For example, ovarian transmission of
S typhimurium occasionally occurs in turkeys, but it is un-
common in chickens. Egg transmission and environmental
contamination of rearing facilities are of more importance
for infecting poultry than are contaminated feeds. For wild

! Distinct forms of salmonellosis caused by specific vari-
ants of salmonellae.

birds and humans, contaminated foods are the primary source
for infection; food and water become contaminated by fecal
discharges from various sources. Rats, mice, and other spe-
cies, including reptiles and turtles, in addition to birds, are
sources of fecal discharges of paratyphoid forms of salmo-
nellae. Inhalation of the bacterium during close confinement
in high humidity environments such as hatching and brooder
operations, direct contact with infected birds and animals,
and insects are other demonstrated transmission routes for
salmonellosis.

Intestinal microflora are an important factor influencing
infection and disease by salmonellae in poultry. Very small
numbers of salmonellae can cause infection of poultry dur-
ing thefirst few weeks of life. Thereafter, theinfectious dose
becomes progressively higher, apparently because poultry
acquireintestinal microflorathat protect them against infec-
tion even in the presence of a highly salmonella-contami-
nated environment. This may explain the high preval ence of
salmonellosis occasionally found in chicks of some colonial
nesting species, such as gulls and terns, and in heron and
egret rookeries, but the lower-than-expected infection rates
in adult birds from those same colonies. Experimental stud-
ies with full-grown herring gulls disclosed a rapid elimina-
tion of salmonellabacteriafrom theintestines of these birds,
which suggests that adult herring gulls may be passively,
rather than actively, infected and may simply serve asame-
chanical transport mechanism for the movement of salmo-
nellae ingested from contaminated environments.

Individual infected birds can excrete salmonella bacteria
for prolonged periods of time ranging from weeksto months.
Prolonged use of sitesby birds and high density of individu-
als at those sites can result in cycles of salmonellosis within
those populations. Persistently contaminated environments
result from asmall percentage of birdswhich remain aslife-
long carriersthat intermittently excrete salmonellae into the
environment. The environmental persistence of these bacte-
riaisanother factor influencing the probability for infections
of birdsusing that site (Table 9.3). The common practices of
using sewage sludge and livestock feces and slurry asfertil-
izer provide another meansfor infecting wild birds. Tests of
sawage sludge often disclose contamination with salmonel-
lae. Survival periodsfor salmonellaein cattle slurry samples
have been reported to range from 11 to 12 weeks and for
months in fields where the slurry has been applied as fertil-
izer. There are numerous reports of the isolation of salmo-
nellae from rivers and streams as a result of pollution by
sewage effluent and slurry runoff from fields.
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Table 9.1 Characteristics of important salmonellae-causing disease in birds.

Salmonella Salmonella Salmonella
Characteristic pullorum gallinarum typhimurium
Common name Pullorum disease Fow! typhoid Salmonellosis

Natural hosts

Age
susceptibility

Transmission

Relative
occurrence
in wild birds

Other naturally
infected avian
species

Current
geographic
occurrence

Relative
human health
significance

Chickens (primary),
turkeys

Mortality usually
confined to the first
2—-3 weeks of age.

Infected hatching eggs
followed by spread from
infected chicks to un-
infected chicks that hatch.

Rare in free-ranging
species; not maintained
within wild populations.

Ducks, coots, pheasants,
partridges, guinea fowl,
sparrows, European bull-
finch, magpies, canaries,
hawk-headed parrot.

Rare in most advanced
poultry-producing areas.

Occasional infections
following massive exposure
(contaminated food);
prompt recovery without
treatment.

Chickens, turkeys

Generally infects growing
and adult birds; disease
also infects young due to
egg transmission.

Infected carrier birds most
important; egg transmission
of secondary importance.

Uncommon in free-ranging
species; not maintained
within wild populations.

Ducks, swans, curlews,
pheasants, quail, partridge
grouse, guinea fowl, peafowl,
wood pigeon, ring dove, rock
dove, owls, rooks, jackdaws,
sparrows, blackbirds, gold-
finches,ostrich, parrots.

Essentially eliminated from

commercial poultry within the
United States. Low incidence
in Canada, USA, and several

European countries; significant

disease in Mexico, Central
and South America, Africa,
and Middle East.

Rare and of little public
health significance.

Wide range of vertebrates; not
restricted to birds.

All ages affected; more
common in young and often
in association with con-
current disease agents.

Contaminated environment
resulting in ingestion through
food and water; egg transmis-
sion can also occur.

Prevalence varies with species;
most common in those

species associated with
landfills, sewage lagoons,

and other waste-disposal sites
and those with close associa-
tions with livestock and poultry
operations.

Wide range of species;
commonly found in gulls
and terns and passerine
birds using birdfeeding
stations. Also reported in
herons, egrets, ducks,
geese, cormorants, cranes,
owls, eagles, falcons,
hawks, and other species.

Worldwide due to wide
range of species infected.

One of the most common
causes of food-borne
disease in humans.

100 Field Manual of Wildlife Diseases: Birds



Table 9.2 Pathways for transmission of Salmonella sp. in birds.

Type of transmission Means Consequences/processes

Vertical Through contaminanted eggs from Infection of hatchlings at age of greatest

(from parent to offspring) infected female; embryo may be susceptibility. Infected hatchlings become
infected or surface of egg becomes source of infection for other hatchlings.

infected as it passes down oviduct.

Horizontal Bird-to-bird contact Infected birds shed organism in feces. Birds
in close contact inhale salmonellae that
become airborne or ingest salmonellae
when pecking at contaminated surfaces of
infected birds.

Contaminated environments Multiple sources of fecal contamination
from a wide variety of warm- and cold-
blooded species results in ingestion of sal-
monellae when pecking at contaminated
feathers, litter, and other materials. Infected
birds and other animals that are fed upon
by birds with predatory and scavenging
food habits become exposed to salmonel-
losis. Birds that feed in landfills, dung piles,
wastewater discharge areas, and sewage
lagoons are at highest risk to acquire
infections.

Contaminated feeds Salmonella-contaminated feed has been
the source of salmonella outbreaks in poul-
try. Little is known about levels of salmo-
nella contamination in commercial feed
used at birdfeeding stations.

Inapparent infections Stress of translocation or conditions caus-
ing birds to be brought into rehabilitation
can result in shedding of salmonellae by
carrier birds or result in clinical disease in
birds with subclinical infections. Disease
can be transmitted to other birds in close
proximity; contamination of the environment
can result in further transmission, and re-
lease of actively shedding birds can serve
to spread the disease and contaminate
other environments.
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Table 9.3 Examples of reported environmental persistence for Salmonella sp. in different substrates. [—, no data available.]

Temperature

Substrate 11 °C 25°C 38°C Ambient Serovar

Poultry feed 18 months 16 months 40 days — S. typhimurium

Poultry litter 18 months 18 months 13 days — S. typhimurium

Soil from vacated — — — 6—7 months Unspecified paratyphoid form
turkey pens

Urban garden soil — — — 280 days S. typhimurium

Hatchery fluff — — — 5 years Unspecified paratyphoid form
Avian feces — — — 28 months Unspecified paratyphoid form
Reptilian feces — — — 30 months Unspecified paratyphoid form
Manure — — — 36 months Unspecified paratyphoid form
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Species Affected

All species of birds should be considered susceptible to
infection by salmonellae. The outcome of salmonellainfec-
tionsis reported to be highly dependent upon the age of the
birds, concurrent stress, serovar and strain virulence, and
susceptibility of the host species.

Salmonellosis has been studied as a disease of poultry
since at least 1899. Wild bird surveys have often been con-
current with studies of this disease in poultry and as sources
for human infections. These and other investigations have
resulted in numerous strains of Salmonella sp. being isolated
from free-ranging (Fig. 9.1) and captive wild birds. How-
ever, findings from these studies have al so disclosed amuch
lower infection rate than anticipated and have caused nu-
merous investigators to conclude that in general, salmonel-
losisis not an important disease of free-ranging wild birds.

The historic patterns of salmonellosisin wild birds are of
isolated mortality eventsinvolving individual or very small
numbers of birds and incidental findings associated with
concurrent infections involving other disease agents. Before
the 1980s, major mortality eventsfrom this disease wererare
in free-ranging wild birds.

Prior to the 1980s most isolations of Salmonella sp. from
free-ranging wild birds were made from apparently healthy
birds, wereincidental findingsfrom birdswith other disease
conditions, or were from lethal cases of sailmonellosis in-
volving small number of birds. This is no longer the situa-
tion. Large-scale mortalities of birds using feeding stations
have become common in the United States (Fig. 9.2), and
such mortalities are al so reported from Canada and Europe,
including Scandinavia. Typically, these events are caused by
S typhimuriumand usually involve passerine birds (Fig. 9.3).
European starling, blackbirds, common grackle, and mourn-
ing dove are also among the species that have been found
dead from S. typhimurium at birdfeeding stations.

Salmonellosis has a so been the cause of die-offsof aquatic
birdsincluding several species of ducks, mute swan, various
species of gulls and terns, American coot, double-crested
cormorant, eared grebe, and several species of egrets and
herons. However, large-scale mortality events in free-
ranging populations, except for songbirds and colonial nest-
ing birds, have rarely been reported.

Many species of captive-reared birds commonly become
infected with salmonellae and die from salmonellosis.
Aquatic species have died from salmonellosis in zool ogical
gardens and other captive collections. Gamebirds, such as
grouse and pheasants, being reared in captivity for sporting
purposes and cranes being reared for species conservation
efforts are often victims of saimonellosis. Mortality is gen-
erally confined to chicks.

Figure 9.1 Relative rates of isolation of Salmonella sp. in
free-ranging wild birds.
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Frequent
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Occasional
Infrequent

Pine siskin

Evening grosbeak
House sparrow
Brown-headed cowbird
Northern cardinal
Goldfinch

English sparrow
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House finch
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Rufous-sided towhee
Northern mockingbird

Cedar waxwing

Figure 9.3 Relative occurrence of species found dead from
salmonellosis outbreaks at birdfeeding stations within the
United States.
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EXPLANATION

® Location of salmonellosis
outbreaks, 1983-1997

Figure 9.2 Locations of reported out-
breaks of salmonellosis at birdfeeding
Stations within the United States. (From
National Wildlife Health Center data-
base.)

Distribution

Extensive and prolonged control programs have essen-
tially eliminated pullorum disease as a disease confronting
commercial poultry productionin most of theworld and fowl
typhoid from most Western countries. In contrast, salmonel-
losis due to paratyphoid infections occurs worldwide
(Table 9.1) and is increasingly prevalent among wild birds
in awide variety of habitats. Salmonellosis in songbirdsis
clearly an emerging disease of urban and suburban environ-
ments and it has al so been introduced into remote bird popu-
lations, such asAntarctic penguins and skua. The geographic
distribution of salmonellosis in free-ranging wild birds is
closely associated with sources of environmental contami-
nation that entersthe food web of birdsand is passed to other
species when infected individuals are fed upon by predators
and scavengers.

Seasonality

Salmonellosis can present itself at any time of year. Out-
breaks at birdfeeding stations are closely associated with the
periods of greatest use of those stations (Fig. 9.4); fall and
spring die-offs of songbirdsfrom salmonellosisare common
in England. Other outbreaks occur among the young of co-
lonial nesting species, such as gulls and terns, shortly after
the young are hatched during the summer (Fig. 9.5).

Field Signs

There are no distinctive signs associated with salmonel-
losisin wild birds. Different species and ages of birds may
have different signs even if they are infected with the same
serovar; young birdstypically exhibit more pronounced signs
of disease. Infection may result in acute disease with sudden
onset of death, or it may result in a more prolonged course



of infection that may become septicemic or be characterized
by the presence and persistence of bacteriain the blood, or
result in localized infection within the body. The disease in
poultry has been described to result in gradual onset of de-
pression over afew days and by unthrifty appearance. These
birds huddle, are unsteady, shiver, and breathe more rapidly
than normal; their eyes begin to close shortly before death;
and they exhibit nervous signsincluding incoordination, stag-
gering, tremors, and convulsions. Blindness has also been
reported in some birds.

Therapid death of songbirds at feeding stations has often
caused observers to believe the birds had been poisoned.
Neurological signs, such as those described above for poul-
try, have also be reported in infected songbirds. In contrast,
young domestic ducklings are reported to die slowly, exhib-
iting tremors and gasping for air. Their wings often droop
and they sometimes stagger and fall over just before death.
Like infected chickens, these birds often have pasted vents
and eyelids that are swollen and stuck together by a fluid
discharge. Commonly reported signs among all speciesin-
clude ruffled feathers, droopiness, diarrhea, and severe leth-
argy. Chronically infected birds often appear severely ema-
ciated.

Photos by Milton Friend
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Figure 9.4 Seasonal occurrence of salmo-
nellosis outbreaks at birdfeeding stations

within the United States.

Figure 9.5 (A) Salmonellosis
can cause large-scale losses of
colonial nesting birds. (B) Young
birds are especially vulnerable.
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Gross Lesions

The occurrence and types of grosslesionsare highly vari-
able depending on the course of the infection, the virulence
of the organism, and the resistance of the host. In acute cases,
obvious lesions can be completely absent. Livers often be-
come swollen and crumbly with small reddened or pal e spots
if the course of the disease has been prolonged. In other in-
fections, so-called paratyphoid nodules develop in the liver
and extend into the body cavity. These are small tan-to-white
granular nodules that are best seen under a microscope. In
some birds, these nodules are more visible and appear as
plagues or granular-abscess-like lesions seen within breast

T, i
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Figure 9.6 Lesions of salmonellosis in the esophagus of
(A) an English sparrow and (B) and (C) an evening grosbeak.
(A) From the surface, these lesions appear as a yellow, cheesy
nodule that could be mistaken for a seed taken in as a food
item. (B) When the esophagus is opened, lesions may be seen
that appear as large, diffuse, plaque-like areas (C) or as a
series of discrete, nodular plaques.

Figure 9.7 Necrotic, crumbly cores
that appear as thick, cheesy areas are
often found in the intestines of birds
dying from salmonellosis.
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muscle and other tissues and organs. Infected songhirds of-
ten have yellow, cheesy nodules visible on the surface of the
esophagus. When the esophagusis cut open, the nodules may
be seen as large, diffuse plague-like lesions or as discrete,
nodular areas within the esophagus (Fig. 9.6).

An acuteintestinal infection can be recognized by thered-
dening of the internal lining of the posterior two-thirds to
one-half of the small intestine, the ceca, which are the blind
pouches that extend from both sides of the beginning of the
large intestine, and the colon. As the disease progresses, the
intestinal lining becomes coated with a pale, tightly adher-

Photos by J. Christian Franson

Photo by James Runningen



ing, fibrinous material. In someinfected birds, the intestinal
ceca contain thick, crumbly necrotic cores (Fig. 9.7). En-
largement and impaction of the rectum are commonly re-
ported in domestic ducklings.

Arthritis in the wings of pigeons is common. Domestic
ducks with paratyphoid infections often have arthritis of the
hips and kneejoints. Small external abscesses about 1 milli-
meter in diameter have been described for infected pigeons
and house sparrows. These abscesses appear in small bunches
along the underside of the bird along the mid-to-posterior
areas of the body.

Diagnosis

Gross lesions of salmonellosis can be similar to several
other diseases, including avian cholera and colibacillosis.
Diagnosis requires laboratory isolation and identification of
Salmonella sp. from infected tissues in conjunction with
pathological findings. Therefore, whole carcasses should be
submitted for examination. Birds with markedly abnormal
behavior patterns, such as convulsions and tumbling, often
have lesions observable by microscopic examination of the
brain. I solation of salmonellaefrom theintestine without sig-
nificant lesions and accompanying isolation of the bacteria
from other tissues generally indicatesthat the bird was a car-
rier, rather than avictim, of salmonellosis.

Salmonellae are often confined to the gut. The ceca offer
the greatest potential for obtaining positive culturesfor most
strains of salmonellae. Therefore, when whol e carcasses can-
not be submitted, submit the intestine as a minimum sample.
Theliver and heart should also be removed and submitted, if
possible. Wrap each different tissue in a separate piece of
aluminum foil. Place the foil-wrapped specimens in tightly
sealed plastic bags, and ship them frozen to the diagnostic
laboratory (Chapter 2, Specimen Collection and Preserva-
tion and Chapter 3, Specimen Shipment).

Fecal droppings can be checked for Salmonella sp., but
these need specia handling and they should not be submit-
ted as diagnostic specimens without prior discussions with
the diagnostic |aboratory. Submission of whole eggs should
be considered when low hatchability is encountered. Egg
shells and shell membranes can a'so be cultured for salmo-
nellaeg; thisis an effective means of detecting salmonellaein
eggsthat have hatched, provided that the egg fragments have
not been subjected to environmental conditions that would
destroy the bacteria. Eggs, too, should only be submitted fol-
lowing consultation with disease specialists.

Control

Prevention of infection by pathogenic forms of Salmo-
nella sp. and control of salmonellosis is warranted for wild
bird populations despite the fact that Salmonella sp. have
been isolated from awide variety of wild bird species from
many different types of habitats. Surveys have disclosed that
the prevalence of salmonellae in most wild bird populations

isgenerally low. Other studies have indicated arapid elimi-
nation of salmonellae from the intestines of their avian host,
suggesting passive, rather than active, infection in somein-
stances. The relatively recent increase in the frequency of
occurrence of large-scale salmonella outbreaksin wild birds,
especially songhirds, is without precedent and it suggests
that environmental contamination isan important source for
infection of birds.

Landfills and waters where sewage effluent is discharged
are common feeding areas for gulls, the wild bird species
group with the highest prevalence of salmonellainfections.
Ducks and other waterbirds also feed heavily in areas of sew-
age effluent, and they generally have a higher prevalence of
salmonellae than most land birds except for pigeonsand spar-
rows, two species that feed in manure piles. Raptors are
thought to become infected from the prey they feed upon
(often small rodents such as mice).

Eliminating point sources of infection should be the fo-
cusfor combating salmonellosisin wild bird populations (Fig.
9.8). Disease prevention should be practical at birdfeeding
stations; the public should be educated to maintain clean feed-
ers and to remove spilled and soiled feed from the area un-
der the feeder. Feeders occasionally should be disinfected
with a 1:10 ratio of household bleach and water as part of
the disease-prevention program. In the event of adie-off from
salmonellosis, morerigorous disinfection of feeding stations
is necessary and station use should be discontinued tempo-
rarily.

Other potential point sources of infection include garbage,
sawage wastewater, and wastewater dischargesfrom livestock
and poultry operations. The potential for contaminating mi-
gratory bird habitat with Salmonella sp. should be consid-
ered when wastewater is intentionally used to create wet-
land habitat; when existing wetlands are used to receive
wastewater discharges; when agricultural fields on wildlife
areasareto receive manure and slurries asfertilizer; and when
development of landfill, livestock, and poultry operationsare
proposed in areas where contamination of environmentsused
by migratory birdsislikely. A 1995 outbreak of S. enteriditis
in California poultry was traced to sewage treatment plant
wastewater which entered a stream that bordered the poultry
farm. Contamination of feral cats and wildlife by the waters
of the stream was thought to be the source of entry of S
enteriditisin the poultry.

Control of salmonellosis in captive flocks of migratory
birdsisnecessary to prevent major losses, especially inyoung
birds. Control of this disease should be of continual concern
whenever migratory birds and other wild birds are being
propagated for release programs or are being maintained in
captivity during rehabilitation. The conditions causing birds
to be brought to rehabilitation and the stresses of confine-
ment may result in inapparent infections developing into
systemic clinical salmonellosisthat may jeopardizethewell-
being of the infected bird and of other birds within the facil-
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Figure 9.8 (A) Sources and (B) consequences of salmonellosis in wild birds.
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ity. Strict sanitation measures need to be instituted and judi-
ciously followed. Salmonella carriers can be identified by
fecal culturing and should be destroyed. Multiple periodic
fecal cultures are required to identify carrier birds because
salmonellae are intermittently shed from the intestine. All
birdsthat die should undergo necropsy and appropriateabo-
ratory testing to determine the cause of mortality and any
actions required to prevent further |osses.

Infected adults should never be used for breeding. Anti-
biotic therapy may aid in overcoming an outbreak of salmo-
nellosis, but antibiotic therapy will not eliminate carriersand
vertical transmission viaeggs could result in new outbreaks
and disease spread. Storage of food in rodent- and insect-
proof containers should be part of a disease prevention pro-
gram. Many outbreaks in domestic poultry operations have
been traced to food contaminated by rodent feces because
rats and mice are common sources of salmonellae.

Human Health Considerations

Bacteria of the genus Salmonella are well-documented
human pathogens. “Food poisoning” characterized by acute
intestinal pain and diarrheaisthe most common form of hu-
man infection. However, more serious forms of salmonello-
sis also affect humans. The general level of Salmonella sp.
in most species of wild birdsis low, but extra care with per-
sonal hygieneiswarranted by peoplewho handlethese birds
or materials soiled by bird feces. This consideration is not
limited to situations where disease is apparent, and it ex-
tends to routine maintenance of birdfeeders, cleaning trans-
port cages, and handling birds during banding and other field
activities.

Milton Friend
(Modified from an earlier chapter by Richard K. Stroud and Milton Friend)

Supplementary Reading

Gast, R.K., 1997, Paratyphoid infections, in Calnek, B.W., and
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Snoeyenbos, G.H., 1994, Avian salmonellosis, in Beran, G.W.,,
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Raton, Fla,, CRC Press, p. 303-310.
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Chapter 10
Chlamydiosis

Synonyms
Parrot fever, psittacosis, ornithosis, parrot disease,
Louisiana pneumonitis

Cause

Chlamydiosisrefersto an infection with organisms of the
genus Chlamydia sp., which are bacteriathat live within ani-
mal cells. Chlamydia psittaci isthe species generally associ-
ated with this disease in birds. The severity of the disease
differs by the strain of C. psittaci and the susceptibility of
different species of birds. Asaresult, chlamydiosismay range
from an inapparent infection to a severe disease with high
mortality. The organism is excreted in the feces and nasal
discharges of infected birds and can remain infective for sev-
eral months. Infection commonly occurs from inhaling the
bacteria in airborne particles from feces or respiratory exu-
dates. Because of the organism’s resistance to drying, in-
fected bird feces at roosts are especially hazardous.

Species Affected

Chlamydiosis was first recognized as an infectious dis-
ease affecting parrots, parakeets, and humansinvolved inthe
international parrot tradein the late [920sto 1930s. Chlamy-
diosis has since become known as a serious disease of do-
mestic turkeys in the United States, of domestic ducks and
geese in central Europe, and as a common infection of do-
mestic and feral pigeonsworldwide. Theferal city pigeonis
the most common carrier of Chlamydia sp. within the United
States.

Chlamydial infections have been reported from at least
159 species of wild birds in 20 orders, but most isolations
have been made from six groups of birds (Figure 10.1). Psit-
tacine birds such as parakeets, parrots, macaws, and cock-
atiels are most commonly identified with this disease, while
among other caged birds Chlamydia sp. occurs most fre-
guently in pigeons, doves, and mynahs. Waterfowl, herons,
and pigeons are the most commonly infected wild birds in
North America (Figure 10.2). Chlamydiosis also occasion-
aly infects gulls and terns, shorebirds, songbirds, and up-
land gamebirds.

Distribution

Among free-living birds, avian chlamydiosis has been
found worldwide in the feral pigeon, in gullsand fulmarson
islands of coastal Great Britain, in waterfowl and shorebirds
inthe Caspian Sea, and in herons, waterfowl, gulls, and doves
inthe United States. Infected parrotsand parakeets have been
found throughout the tropics and Australia.
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Figure 10.1 Relative occurrence of reported chlamydiosis
in the most frequently infected groups of birds. (Adapted from
Burkhart and Page, 1971).
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Seasonality

Individual casesmay occur at any time because of healthy
carriers and latent infections within bird populations. Ship-
ping, crowding, chilling, breeding, and other stressors have
been attributed to active shedding of the infectious agent
among captive birdswith latent infections. Groupings of wild
birds together in flocks, such as during spring and fall mi-
grations, may facilitate the transmission of chlamydiosis. In
caged birds, the onset of disease following exposure to
C. psittaci occursacrossabroad range of timefrom asquickly
as 3 daysto aslong as several weeks. Young birds are more
susceptible than adults, and the disease can spread rapidly
among colonial nesting birds.

Field Signs

Signs of infection depend on the species of bird, viru-
lence of the strain of Chlamydia sp., the physiological con-
dition of the bird as influenced by stressors, and route of
exposure to the organism. Chlamydiosisin wild birds is of -
ten inapparent and infected birds can serve as asymptomatic
carriers. Infection may also result in an acute, subacute, or
chronic form of disease. C. psittaci can cause severe, acute
disease that may be rapidly fatal in highly susceptible spe-
cies. Birds often become weak, stop eating, and devel op pu-
rulent (fluid containing pus) discharges of the eyesand nares.
Birdstend to become motionless, remain in afixed position,
huddled up with ruffled feathers (Fig 10.3). Birds may have
diarrhea, sometimes rust-colored because of the presence of
blood, and respiratory distress is common. Feces from birds
that stop eating are often dark green. In an outbreak of
chlamydiosisinwild gulls, primarily fledglings died and the
birdsthat werefound dead weretypically thin. Captive snowy
and American egretswith chlamydiosis exhibited weakness,
abnormal gait, ruffled feathers, diarrhea, and rapid weight
loss; the birds generality died 1-2 days after the onset of
signs. In other species of egrets, the infection may be inap-
parent even though the organism can be isolated from swabs
of the cloaca or respiratory tract.

Feral pigeons exhibit many of the same signs; however,
their diarrhea is likely to be more frequently tinged with
blood. Mortality ratesin young pigeons are often very high.
Purulent dischargesfrom the eyes of avery sick pigeon should
cause the observer to think first of chlamydiosis. Sudden
death without any signs of illness has been reported among
captive cage birds (Javafinch, parrots) and among wild par-
rots in Australia where king parrots were reported to have
fallen out of trees and died within minutes.

Gross Lesions

The most common anatomical changein infected birdsis
an enlargement of the spleen or splenomegaly or of the liver
or hepatomegaly or both, up to three-or-four times normal
size (Figure 10.4). During an outbreak of chlamydiosis in
gulls, splenomegaly was noted in each of nine birds exam-



Photo by Milton Friend

Figure 10.3 Classic appearance of an immature little blue
heron with severe chlamydia infection.

ined and hepatomegaly was noted in four of the nine. Peri-
carditis, which is an inflammation and thickening of the
pericardial sac that surrounds the heart (Figure 10.5), is a
striking lesion sometimes seen with acute or subacute
chlamydiosis. The air sacs may be thickened and the lungs
are often congested, appearing darker than normal.

Diagnosis

Diagnosis is based upon the isolation of Chlamydia sp.
from tissues of infected birds. Whole birds should be sub-
mitted. When thisis not possible, selected tissues should be
collected (Chapter 2, Specimen Collection and Preservation
and Chapter 3, Specimen Shipment). Thelungs, spleen, liver,
and affected air sacs are the preferred tissues for microbial
examination. Because C. psittaci is also a human pathogen,
care must be taken in handling carcasses and tissues.

Diagnosis cannot be based on gross|esions alone because
thelesions of some other diseases are similar. Chronic avian
cholerainfection can produce similar gross lesionsin gulls,
avian malaria can cause enlarged spleens, and early stages
of aspergillosis can produce somewhat similar changes in
the lungs and air sacs.

Control

Chlamydia sp. are present in the tissues, feces, discharges
from the eyes and nares, and may also be present on plum-
age of infected birds. When the excreta and discharges dry,
the resulting material can become airborne. Infection may
be transmitted by direct contact with affected birds, or by
inhaling dried bird fecal material or respiratory exudatesthat
contain Chlamydia sp. organisms. Sick birds should be col-
lected and euthanized and carcasses should be picked up.
The removal and incineration of carcasses will help reduce
the amount of infective material in the area. However, the
level of human activity in the area should be carefully con-
sidered because it may cause redistribution of birdsthat could
result in the spread of infection to new areas.

Human Health Considerations

Chlamydiosis can be a serious human health problem,
infecting more frequently those who work with birds. The
close association between parrots and this disease in humans
prompted the United States and most nations of Western
Europe to outlaw the importation of parrots and parakeets
from 1930 to 1960. Individuals who work in areas in which
there is a strong possihility of inhaling airborne avian fecal
material should consider wearing a mask or respirator. Dry,
dusty areas with bird droppings can be wetted down witha5
percent solution of household bleach, or a commercial dis-
infectant. Working with large numbers of birds in dusty,
closely confined areas should be avoided as much as pos-
sible.

Photo by James Runningen

Figure 10.4 Enlarged spleen (top) and liver (bottom) of a
ring-billed gull affected with chlamydiosis. (From Franson and
Pearson, 1995. Reprinted with permission from the Journal
of Wildlife Diseases).
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Figure 10.5 Pericarditis in a ring-billed gull that died of
chlamydiosis (From Franson and Pearson, 1995. Reprinted
with permission from the Journal of Wildlife Diseases.)
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Outbreaks have occurred among poultry slaughterhouse
workersand there have al so been several severe casesamong
wildlife biologists. These hiologists were thought to have
becomeinfected from handling snow geese, common egrets,
snowy egrets, white-winged doves, and ducks.

Before the availability of antibiotics, chlamydiosis was
fatal in about 20 percent of the human cases. Today, such
fatalities are rare. However, persons working with birds
should inform their physicians of that fact to help avoid po-
tential situationswhere early signs of chlamydiosis could be
overlooked or dismissed.

J. Christian Franson
(Modified from an earlier chapter by Louis N. Locke)
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Chapter 11
Mycoplasmosis

Synonyms
Chronic respiratory disease, infectious sinusitis, house
finch conjunctivitis

Cause

Mycoplasmosisis caused by infection with aunique group
of bacteriathat lack cell wallsbut possess distinctive plasma
membranes. Mycoplasma are al so the smallest self-replicat-
ing life-forms, and they are responsible for a variety of dis-
eases in humans, animals, insects, and plants. These bacteria
can cause acute and chronic diseases in hosts that they in-
fect, and they are also implicated with other microbes as
causes of disease when the immune system of the host has
become impaired through concurrent infection by other dis-
ease agents or through other processes. This chapter focuses
on mycoplasmal infections of birds, the most significant of
which are caused by Mycoplasma gallisepticum (MG),
M. meleagridis (MM), and M. synoviae (MS). Only MG is
of known importance for wild birds.

Species Affected

Until recently, mycoplasmosis has not been considered
an important disease of wild birds. During late winter 1994,
eyeinfectionsin house finches caused by MG werefirst ob-

served in the Washington, D.C. area. Since then, myco-
plasmosis has rapidly spread throughout much of the east-
ern range of the house finch. Mycoplasmosis has aso ap-
peared in wild populations of American goldfinch within the
eastern United States. Clinical or observable disease caused
by MG has not previously been found in wild passerine birds
in the United States despite along history and common oc-
currence of MG in poultry wherever poultry are raised. Mo-
lecular studies of isolates from the songbirds shows that
thoseisolates are similar but that they are distinctly different
from isolates obtained from poultry.

M. gallisepticumisaknown pathogen of upland gamebirds
raised in captivity, and it has been isolated from ducks and
geese. Studies of mycoplasmosis in Spain have resulted in
isolation of MG from free-ranging peregrine falcons, and
isolation of MG from a yellow-naped Amazon parrot is fur-
ther evidence of a diverse host range that can become in-
fected by this organism (Table 11.1). Strain differences of
MG exist and differ in their ability to cause clinical disease.
Also, isolates of the same strain can vary widely in their abil-
ity to cause clinical disease in different species. This vari-
ance in the ability to cause clinical diseaseis, in part, shown
by the greater numbers of birds that have antibody to MG
than by the presence of mycoplasmosisin species and popu-

Table 11.1 Reported occurrence of selected avian mycoplasmas of poultry in selected wild avian species.

[Frequency of occurrence: e frequent, ® common,

occasional, O infrequent or not reported.

Square symbol indicates free-ranging species. All other reports are natural infections in captive-reared birds.]

Mycoplasma sp.

M. gallisepticum M. meleagridis M. synoviae M. gallinarum
Type of bird (MG) (MM) (MS)
Chicken ° O ° °
Domestic turkey ° ° °
Pigeons O O O
Peafowl/guinea fowl O O ° O
Pheasants/quail/partridge O O O
Wild turkey O O O O
Ducks/geese O O O
Birds of prey U O O U
Songbirds u O U O
Parrots O O O O
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lations tested. The isolates of MG from wild songbirds do
not cause significant disease in chickens.

Chickens and turkeys are commonly infected with MG,
and direct contact of susceptible birds with infected carrier
birds causes outbreaks in poultry flocks. Aerosol transmis-
sion viadust or dropletsfacilitates spread of MG throughout
the flock. Transmission through the egg isalso important for
poultry, and MG is thought to spread by contact with con-
taminated equipment. The highly gregarious behavior of
house finches and their use of birdfeeders likely facilitates
contact between infected birds or with surfaces contaminated
with the bacteria. Infected finches are thought to be respon-
sible for spreading this disease because they move between
local birdfeeders and to distant locations during migration.

M. meleagridis causes an egg-transmitted disease of do-
mestic turkeys, and it appearsto berestricted to turkeys. Clini-
cal disease has not been documented in wild turkeys, and
reports of infection in other upland gamebirds have not been

confirmed. Airborne transmission and indirect transmission
by contact with contaminated surfaces also happen.
M. synoviae has a broader host range than MM. Chickens,
turkeys, and guineafowl are the natural hosts. Several other
species have been naturally infected, and others have been
infected by artificial inoculation. Transmission is similar to
that for MG, except that M S spreads more rapidly.

Many other avian mycoplasmas have been designated dis-
tinct species, some of which areidentifiedin Table 11.2. The
number of mycoplasma speciesidentified from birdshasin-
creased rapidly during recent years and it will continue to
grow. For example, M. sturni was recently isolated from the
inner eyelids (conjunctiva) of both eyes of a European star-
ling that had the clinical appearance of MG infectionin house
finches. Enhanced technology is providing greater capabili-
ties for studying and understanding the biological signifi-
cance of thisimportant group of microorganisms. Too little
is known about mycoplasma infectionsin wild birds to cur-

Table 11.2 Primary hosts of some mycoplasma species isolated from birds. [—, no data available.]

Mycoplasma

Primary host

species Chicken Turkey

Pigeons Waterfowl

Partridge Birds of prey Songbirds

M. gallisepticum . ° —
M. synoviae ° ° —
M. iowae °
M. gallopavonis — ° —
M. cloacale — ° —
M. gallinarum
M. gallinaceum — ° —
M. pullorum ° — —
M. iners ° — —
. lipofaciens ° — —
. glycophilum ° — —
. columbinasale — — °
. columbinum — — °

. columborale — — °

M.
M
M
M
M.
M. anatis — — —
M. anseris — — —
M. imitavis — — —
M. sturni — — —
M. buteonis — — —
M.

. falconis — — —

M. gypis — — _
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rently assessthe significance of these organisms asadisease
factor, although the house finch situation clearly illustrates
the potential for clinical disease to occur. Of added signifi-
cance is the suppression of reproduction through lowered
egg production that commonly affects poultry. Reproduction
has also been suppressed during natural MG infections of
captive chukar partridge, pheasants, peafowl, and other spe-
ciesand during experimental studieswith MM inwild turkey.
Preliminary studies at the National Wildlife Health Center
(NWHC) with M. anatis isolated from awild duck resulted
in reduced hatchability of mallard eggs inoculated with that
isolate and decreased growth of the infected hatchlings.
Mycoplasmas have been recovered from domestic or semi-
domestic ducks since 1952, but the bacteria have not been
reported from wild North American waterfowl beforea1988—

EXPLANATION
Spread of house finch conjunctivitis

[ States where disease has been detected

1990 waterfowl survey by scientists from the NWHC. M.
anatis has more recently been isolated from wild shoveler
ducks and coot and from a captive saker falcon during sur-
veys conducted in southern Spain. The finding of M. anatis
in three different major groups of wild birds (Fal coniformes,
Gruiformes, Anseriformes) demonstrates how the ability of
asingle strain to infect different avian groups could facili-
tate interspecies transmission.

Distribution

Avian mycoplasmas cause disease in poultry and other
captive-reared birds worldwide. The current reported distri-
bution of mycoplasma-caused conjunctivitis in wild song-
birds roughly corresponds with the distribution of the east-
ern house finch population (Fig. 11.1).

Figure 11.1 Reported geographic spread of house finch inner eyelid inflammation (conjunctivitis) since the initial 1994 obser-
vation. (Data adapted from reports in the scientific literature and personal communications between the National Wildlife Health

Center and other scientists.)
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Seasonality

Because mycoplasmasin poultry are commonly transmit-
ted through the egg and are present in carrier birds, thereis
no distinct seasonality associated with disease in those spe-
cies. Observations of house finch conjunctivitisare most fre-
guent when birds are using birdfeeders during the colder
months of the year.

Field Signs

Mycoplasma infectionsin poultry are generally more se-
verethan those reported for house finches, the only wild bird
for which any substantial field observations of clinical dis-
ease have been made. The prominent field signs are puffy or
swollen eyesand crusty appearing eyelids (Fig. 11.2). A clear
to somewhat cloudy fluid drainage from the eyes has been
reported for some birds. Birds rubbing their eyes on branches
and birdfeeder surfaces have also been reported. Other ob-
servations of infected birds include dried nasal discharge,
severely affected birds sitting on the ground and remaining
at feeders after other birds have departed, and birds collid-
ing with stationary objects due to impaired vision. The Eu-
ropean starling recently diagnosed to have been infected
by M. sturni had similar clinical signs and was apparently
blind.

Initial field signs observed during a natural outbreak of
MG in abackyard gamebird operation included foamy eyes,
excessive tearing, and severely swollen sinuses in chukar
partridge and ring-necked pheasant, along with reduced egg
production. As the disease progressed, severe depression,
lethargy, and weight loss preceded respiratory distress and
death. Eye inflammation was the only sign observed in In-
dian blue peafowl that became infected.

A captive saker falcon from Spain infected with M. anatis
displayed signs of respiratory illness in addition to involve-
ment of the eyes. Irregular breathing, wheezing, and a mu-
cous discharge from the nose and beak were seen in thisbird
along with anorexiaor loss of appetite. These signs are typi-
cal of mycoplasmosisin poultry.

Gross Lesions

Mycoplasmosislesionsin wild birds reflect the observed
field signs. Infected house finches typically have a mild to
severe inflammation of one or both eyes and the surround-
ing area including swollen, inflamed eyelids; a clear to a
cloudy, thickened discharge from the eye; and drainage from
the nares of the bill (Fig. 11.2). Chukar partridge and pheas-
ant naturally infected with MG have had moderate to severe
swelling of the eyelids, mild to moderate tearing, swelling
of one or both of the sinuses near the eyes, and moderate to
large amounts of cheesy discharge within the sinuses.

Diagnosis
Mycoplasma are among the most difficult organisms to
grow from clinical specimens because of their fastidious
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Figure 11.2 Field signs and gross lesions of Mycoplasma
gallisepticum infections in house finches: (A) and (B) Inflam-
mation of the eye; (C) pasty, crusty appearance of the area
surrounding the eye of a dying house finch.



nature, intimate dependence upon the host speciesthey colo-
nize, and slow growth on artificial media. The greatest suc-
cessinisolating MG from house finches has been when tis-
sue swabswere obtained from live trapped, freshly killed, or
fresh dead birds. There hasbeen limited successfrom frozen
carcasses. When mycoplasma is suspected, contact with a
disease diagnostic laboratory isrecommended to obtain guid-
ance on how to handle specimens. If field conditions permit,
selective media provided by a diagnostic laboratory should
be inoculated with swabs from the inner eyelids, sinus, the
funnel-shaped area at the back of the sinuseswherethey split
right and left (choanal cleft), and trachea of suspect birds
and shipped to the laboratory with the freshly killed or dead
birds from which those swabs were made. If birds can be
submitted, they should be chilled, rather than frozen, and
immediately transported to a qualified disease diagnostic
laboratory.

Control

Routine cleaning and disinfection of birdfeeders with
household bleach isrecommended to prevent mycoplasmosis
and other diseases that can be transmitted at birdfeeders. A
10 percent solution of household bleach applied weekly for
feeders with high bird use will reduce the potential for con-
taminated surfaces to transmit disease. Close observation of
birds using feeders and the prompt reporting of suspect cases
of mycoplasmosis to authorities will provide the opportu-
nity for early intervention based on timely diagnosis and for
initiating an appropriate disease-control strategy specific to
the location and population involved. Special consideration
needsto be given to the fact that house finch conjunctivitisis
a new and emerging disease problem that has been docu-
mented in two additional species of songbirds. One of these
included acasewhere abluejay being rehabilitated in acage
previously occupied by an infected house finch became in-
fected. That case demonstrates the need for adequate clean-
ing and disinfection of cages used in wildlife rehabilitation.
Birdsthat survive infection can become disease carriers that
serve as a source for initiating new outbreaks. Also, aerosol
and egg transmission of mycoplasmosisiscommon for poul-
try. Similar transmission islikely for wild birds and must be
taken into consideration during the rehabilitation of wild birds
infected with mycoplasmosis.

The potentia for interspecies transmission of MG from
poultry to upland gamebirds being reared in captivity for
sporting purposes must also be considered. This same con-
sideration existsfor raptorsthat may befed poultry carcasses
and waste.

Human Health Considerations

None. Mycoplasmas that infect birds are not known to be
hazards for humans.

Milton Friend
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Chapter 12

Miscellaneous Bacterial Diseases

Diseasein free-ranging birdsis caused by many other patho-
genic bacteriain addition to thoseillustrated within this sec-
tion. These other diseases are currently considered lessim-
portant because of their infrequent occurrence, the small
numbers of birds generally lost annually, or because they
primarily result from infection by opportunistic pathogens
and they require concurrent disease processes for them to
become apparent. The following brief highlights about the
more important of these diseases are included to acquaint
readers with their existence and provide some basic infor-
mation about their ecology.

Erysipelas

Erysipelasis caused by infection with the bacterium Ery-
sipelothrix rhusiopathiae. This disease is primarily associ-
ated with swine and domestic turkeys, but it has been diag-
nosed in many groups of birds (Fig. 12.1) and in mammals.
The causative agent has also been isolated from the slime
layer of marine and freshwater fish and from crocodiles. Ery-
sipelasisfound worldwide. Littleisknown of the ecology of
this disease in birds. Most reports of erysipelas in free-
ranging birdsinvolveindividuals or small numbers of birds,
but major die-offs can occur. The largest recorded die-off
killed an estimated 5,000 birds, primarily eared grebes, dur-
ing 1975 on the Great Salt Lake, Utah. Small numbers of
waterfowl (green-winged teal, northern shoveler, and com-
mon mergansers) and a few herring gulls also died. Erysi-
pelas has also been diagnosed as the cause of a die-off of
brown pelicansin southern Californiaduring the late 1980s.
Other free-ranging birds diagnosed with erysipelas include
hawks, crows, raven, wood pigeon, starling, doves, finches,
and European blackbird. The causative bacterium is able to
survive in the environment for prolonged periods of time,
and it was isolated from grebe carcasses approximately 18
weeks after their death during the Great Salt Lake mortality
event. The bacteria probably are transmitted through inges-
tion, such as when gulls feed on carcasses, or entry of the
organism through cuts and abrasions. Humans are suscep-
tibleto infection. Most human casesinvolve localized infec-
tions resulting from entry through a cut in the skin. Human
cases have been fatal when the disease progressed to an in-
fection of the blood and spreads throughout the body (a sep-
ticemic infection).

Figure 12.1 Reported occurrences of erysipelas in birds.
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New Duck Disease

Pasteurella anatipestifer causes an important disease of
domestic ducks that has infrequently caused the deaths of
wild birds. This disease has also killed domestic turkeys and
chickensand captive-reared pheasants, quail, and waterfowl.
Major mortality events from infection with P. anatipestifer
have occurred in free-ranging black swans in Tasmania and
in tundra swans in Canada. New duck disease has also been
diagnosed asthe cause of mortality in small numbers of other
free-ranging birds, including lesser snow geese. In the do-
mestic duck industry, mortality primarily involves birds 2-3
months old. The swans that died in Tasmania and Canada
were primarily young-of-the-year, which is consistent with
mortalities of captive wild waterfowl. Birds can die within
2448 hours after the onset of clinical signsof listlessness, a
droopy appearance, fluid discharges from the eyes and hill,
greenish diarrhea, and variety of nervous system disorders.
The most prominent lesion seen during postmortem exami-
nation is a fibrinous covering on the surface of various or-
gans such as the liver and heart (Fig. 12.2).

Necrotic Enteritis

Necrotizing enteritis is caused by an enterotoxemia or
toxins in the blood produced in the intestine resulting from
infectionswith Clostridium perfringens. Thisdiseaseisfound
throughout much of the world where poultry are produced,
and it is often an important cause of mortality for adult do-
mestic breeder ducks. Sporadic cases have been diagnosed
in waterfow! collections and in wild mallards, black ducks,
and Canada geese. A die-off in Florida involved mallards
and other wild ducks along with several species of shore-
birds and wading birds. Wild ducks are al so reported to have
died from this disease in Germany.

During recent years, increasing numbers of small die-offs
have been detected in snow geese, Canada geese, and white-
fronted geese in Canada and the United States. An abrupt
change in diet associated with seasons and bird migrations
are thought to disrupt the intestinal microflora and allow
C. perfringensto proliferate in the intestine. The toxins pro-
duced by these bacteria are the cause of death. The onset of
death is generally rapid and without obvious clinical signs.
Severe depression is sometimes observed in chickens along
with reluctance to move, diarrhea, and ruffled feathers. Le-
sions generally appear as a mixture of dead cellular materi-
als and plasma debris, tan-yellow in color, that covers much
of thelower region of theintestine of affected waterfow! (Fig.
12.3).

Ulcerative Enteritis

Quail are highly susceptible to infection by Clostridium
colinum, the cause of ulcerative enteritis or “quail disease.”
Outbreaks of thisdiseasein free-ranging wild birds are rare,
but outbreaks have been reported for California quail in
Washington State. This acute bacterial infection is charac-
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Figure 12.2 Fibrinous covering on the heart and liver of a
bird with Pasteurella anatipestifer.

Photo by James Runningen

Figure 12.3 Lesions of necrotic enteritis in the intestine of a
goose.
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Figure 12.4 Advanced lesions of ulcerative enteritis in the
intestine of a chukar partridge.



terized by sudden onset followed by rapid spread through
the flock. Outbreaks have been reported worldwide where-
ever game birdsareraised in captivity under crowded condi-
tions. In addition to upland game species such as grouse,
quail, pheasant, and partridges, outbreaks have been reported
in chickens, pigeons and robins. Mortality in young quail
can reach 100 percent of the flock. Gross lesions vary and
depend upon how long the bird livesfollowing infection. Ul-
cers within the intestine originate as small yellow spots or
infected areas with hemorrhagic borders and progressto cir-
cular forms that may join together as large areas of dead
tissue that resemble thickened mucous membranes with
raised edges (Fig. 12.4). Liver lesions include yellow areas
of tissue death or necrosis along the edges of the liver and
scattered grey spots or small yellow circumscribed spots
within the liver itself that sometimes are surrounded by a
light yellow halo effect.

Staphylococcosis

All avian species are susceptible to staphylococcal infec-
tions, and Staphylococcus aureusisthe most common cause
of disease. An often observed form of infection is alesion
that appears as an inflammation of the skin of the foot or
pododermatitis, that iscommonly referred to as* bumblefoot”
(Fig. 12.5). Staphylococcal bacteria are ubiquitous, normal
inhabitants of the skin and mucous membranes, and the bac-
teriarequire a break in those protective layers for infection
to occur. Captive birds are more commonly found infected
than free-ranging birds. Abrasionsfrom rough surfaceswhere
birds perch or stand may contribute to the occurrence of this
disease. Studies in Spain with free-ranging imperial eagles
demonstrated that staphylococcal infection can betransferred
from humansto chicks being handled for banding. Infection
was common in nestlings handled without latex gloves,
whereasinfection wasrarein those birds handled with gloves.
Mallard and redhead duck, bald and golden eagle, and fer-
ruginous hawk have been among the species submitted to
the National Wildlife Health Center (NWHC) that have been
diagnosed with this condition.

Septicemic staphylococosis or staphylococcal blood poi-
soning can also occur, generally in birds that are immuno-
compromised or whose immune systems are not fully func-
tioning. These types of infection can result in sudden death.
L esionsassociated with thisform of infection generally con-
sist of congestion of internal organs, including the liver,
spleen, kidneys, and lungs, accompanied by areas of tissue
death (Fig. 12.6). Bald eagles, American kestrels, red-tailed
hawks, aduck, amute swan, and herring and ring-billed gulls
are among the species submitted to the NWHC for which
septicemic staphylococcal infections have been diagnosed.

S aureus can also cause serious disease in humans both
asawound infection and as a source of food poisoning. Good
sanitation procedures should always be followed when han-

Figure 12.5 Bumblefoot in a domestic duck.

Figure 12.6 Congested liver (A) and spleen (B) from birds
with staphylococosis.
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dling animals, and protective gloves should be worn when
handling wildlife found dead.

Tularemia

Tularemiais primarily a disease of mammals, but natural
infections by Francisella tularensis have caused die-offs of
ruffed grouse and other grouse species. A variety of avian
species have been found to be susceptible to infection as a
result of serological surveys that have detected antibody
against tularemia, experimental studiesto determine suscep-
tibility, and by cause-of-death assessments for birds submit-
ted for necropsy (Table 12.1). The strains of F. tularensis
that caused natural infection of ruffed grouse are of low viru-
lence for humans despite ruffed grouse becoming infected
by the sametick (Haemaphysalis|eporispaulstris) that causes
highly virulent tularemia in snowshoe hare.

Ticks are the primary source for disease transmission in
natural cases of tularemiain upland gamebirds such asgrouse
and pheasants; ingestion of diseased birds and rodentsisthe
primary source of disease transmission to raptors, gulls, and
other scavenger species. Tularemiais infrequently reported
asacause of diseaseinwild birds. Ruffed grousein northern
climates have been the primary focus for reports in the sci-
entific literature. The primary lesion seen is multiple, dis-
crete spots scattered throughout the liver tissue (Fig. 12.7).

Table 12.1 Avian species reported to be susceptible to

infection by Francisella tularensis.

Upland game species

Other birds

Ruffed grouse
Sharp-tailed grouse
Sage grouse
Ptarmigan

Blue grouse
Bobwhite quail
Pheasant

Gulls and terns
Raptors (such as
hawks and eagles)
Scavengers (such as
shrikes)

Ducks and geese

Photo by James Runningen

Figure 12.7 The numerous, small, yellow and white spots on the liver of this beaver that died of tulare-
mia are similar to the appearance of liver lesions in ruffed grouse.
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Other

Colibacillosis, whichis caused by infection with Escheri-
chia coli, is one of several additional bacterial diseases oc-
casionally encountered in wild birds. Avian strains of E. coli
are generally not considered important causes of infection
for humans or species other than birds. E. coli isacommon
inhabitant of theintestinal tract, but it often infects the respi-
ratory tracts of birds, usually in conjunction with infection
by other pathogens. These infections result in disease of the
air sacs, and theinfections are referred to as chronic respira-
tory disease. L esions commonly associated with this disease

Photo by J. Christian Franson

Figure 12.8 (A) Pericarditis and peri-
hepatitis in a bird with colibacillosis. (B)
Infection results in the liver being en-
cased in a translucent covering.

Photo by Milton Friend

include pericarditis or inflammation of the transparent mem-
brane that encloses the heart and perihepatitis or inflamma-
tion of the peritoneal covering of the liver. These conditions
make the coverings of the heart and liver look like awhite or
yellow mass that somewhat resembles the icing of a cake
(Fig. 12.8). The livers of infected birds often appear swol-
len, dark in color, and may be bile stained (Fig. 12.9). Unhy-
gienic hatcheries and other areaswhere young waterfowl and
gamebirds are being held are often heavily contaminated with
E. coli, and thisresultsin infections causing acute mortality.
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Figure 12.9 Swollen bile-stained liver in a bird with coliba-
cillosis.

Similar to the other sections of this Manual, the bacterial
diseases discussed are not comprehensive of diseases of wild
birds. Thesimilaritiesin clinical signsand grosslesionsdis-
played inillustrationsin this section emphasize the need for
cause-of-death evaluations by qualified animal diseaselabo-
ratories. Also, the environmental persistence and human
health impacts noted for some of these pathogens emphasize
the need to consider personal and environmental protection
when handling dead birds. Assumptions that the cause of
death is due to a pathogen of minor importance could have
serious consequences if highly virulent infections are in-
volved.

Milton Friend
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Introduction to Fungal Diseases

“Fungi are of an ancient lineage and have a fossil record that extends back to the
Devonian and Pre-Cambrian eras...the earliest written record of fungi are not of the
fungi themselves, but of their depredations... To the physician and poet Nicander
[ca. 185 B.C.], fungi were ‘the evil ferment of the earth; poisonous kinds originating

from the breath of vipers,’...”
(Ainsworth)

Fungi areimportant causes of diseasein wild birdsand other
species. Three basic types of disease are caused by these
agents. mycosis, or the direct invasion of tissues by fungal
cells, such as aspergillosis; alergic disease involving the
development of a hypersensitivity of the host to fungal anti-
gens,; and mycotoxicosis, which results from ingestion of
toxic fungal metabolites. Mycosis and allergic disease may
occur together, especially when the lung is infected. This
section will address only mycosis. Mycotoxicosis is ad-
dressed in Section 6, Biotoxins. Allergic diseaseis not well
studiedinwild birdsand it isbeyond the scope of thisManual.

Most disease-causing fungi are commonly found within
the normal environment of hosts that may become diseased.
Host resistance is the main determinant of whether or not
diseasewill occur. Opportunistic infections often result when

Quote from:

Ainsworth, G.C., and Sussman, A.S., 1965, The fungi: An
advanced treatise, v. 1 of The Fungal Cell: Academic Press,
New York, p. 4, 8.

128 Field Manual of Wildlife Diseases: Birds

birds and other species are immunosuppressed, when their
mechanismsfor inflammatory response areinhibited, or when
they experience physical, nutritional, or other stressfor pro-
longed periods of time. Newborn do not have fully function-
ing immune systems and are, therefore, especially vulner-
able to mycosis as are very old animals that are likely to
have impaired immune systems. Inhalation is the primary
route for exposure to most fungi-causing mycosis.

Aspergillosisisthe primary mycosis affecting wild birds.
Candidiasisisaless common mycosis of wild birds and other
species, but it differsgreatly from aspergillosisby being trans-
mitted by ingestion. These two diseases are the primary
mycoses of wild birds and are the main subjects of this sec-
tion.



Chapter 13
Asperqillosis

Synonyms
Brooder pneumonia, pseudotuberculosis, “asper”
mycosis, mycotic pneumonia

Cause

Aspergillosis is a respiratory tract infection caused by
fungi of the genus Aspergillus, of which A. fumigatusisthe
primary speciesresponsiblefor infectionsinwild birds (Fig.
13.1). Aspergillosisisnot contagious (it will not spread from
bird to bird), and it may be an acute, rapidly fatal disease or
amore chronic disease. Both forms of the disease are com-
monly seen in free-ranging birds, but the acute form is gen-
erally responsible for large-scale mortality events in adult
birdsand for brooder pneumoniain hatching birds. Aspergil-
lus sp. also produce aflatoxins (see Chapter 37, Mycotox-
ins), but the significance of those toxinsin the ability of the
fungus to cause disease in birds is unknown.

Aspergilli are saprophytic (live upon dead or decaying
organic matter) molds that are closely associated with agri-
culture and other human activities that make nutrients avail-
ableto fungi. A. fumigatus commonly grows in damp soils,
decaying vegetation, organic debris, and feed grains. High
numbers of spores (called conidia) are released into the at-
mosphere and are inhaled by humans, birds, and other ani-
mals. These sporestravel through the upper respiratory tract
to the lungs. If the spores colonize the lungs, then the fungi
may be disseminated to other parts of the body and disease,
often leading to death, occurs.

Acute aspergillosis has caused devastating loss of birds
in hatcheries. The source of infection in some instances has
been contaminated litter. Also, infection of broken eggs prior
to hatching provides anideal growth medium for the fungus
and the subsequent production of massive numbers of spores
for infection of newly hatched birds. Inhaled spores initiate
a cellular response in the lungs that results in the air pas-
sages soon becoming aobliterated by cellular material and
branching fungal filaments. Asphyxiation quickly followsand
causes death. Acute aspergill osis has also been found in free-
ranging waterfowl. The circumstances of these events are
uniformly associated with birds feeding in waste grain and
in silage pits during inclement weather. The mallard duck
has been the primary species involved, and the events have
only lasted a few days, terminating when the weather im-
proved and allowed the ducksto resumenormal feeding. Field
investigations of several events disclosed heavily contami-
nated feed that resulted in overwhelming exposure to
A. fumigatus (Fig. 13.2).

Chronic formsof aspergill osis have been described inwild
birdssince at least 1813. Typically, thelungsand air sacsare
chronically infected, resulting in agradual reduction in res-
piratory function. Eventual dissemination of the fungus
totheliver, gut wall, and visceraisfacilitated by infection of
the extensive system of air sacs that are part of the avian
respiratory system.

Common

Occasional
Infrequent

Aspergillus fumigatus
A. flavus
A. terrus, A. glacus

A. nidulans, A. niger

A. amstelodami, A. nigrescens

Figure 13.1 Primary causes of aspergillosis in birds.

Figure 13.2 Moldy grain pile that was the source of acute
aspergillosis in wild waterfowl.
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Species Affected

A widevariety of birdshave died of aspergillosisand prob-
ably all birds are susceptible to it. Aspergillosis was one of
the first diseases described for wild birds; it was noted in a
scaup in 1813 and in a European jay in 1815. Loons and
marine birdsthat are brought into rehabilitation, captive rap-
tors, and penguins being maintained in zoological parks and
other facilities commonly die from aspergillosis. This dis-
ease also develops at birdfeeding stations and it causes
waterfowl die-offs. Young birds appear to be much more sus-
ceptible than adults. Most reported mortalities of free-rang-
ing wild birdsinvolveisolated mortalities found during post-
mortem evaluations rather than mortalities found during
major die-offs (Fig. 13.3).

Distribution
Aspergillosisin birdsis reported nearly worldwide.

Seasonality

Most aspergillosis outbreaks in waterfowl happen in fall
to early winter; individual cases can occur at any time, par-
ticularly among birds stressed by crippling, oiling, mal-
nutrition, recent capture, and concurrent disease conditions.
This disease can cause serious losses among seabirdsin re-
habilitation programs after oil spills. Aspergillosisis afre-
guent complication in hunter-crippled waterfowl, among
birds on nutritionally deficient diets, and in Canada geese
whose immune systems have been compromised by expo-
sure to environmental contaminants such as lead.

Environmental factors also contribute to the time of year
when aspergillosis is seen. Scattered outbreaks of this dis-
ease occurred among American coot, diving ducks, tundra
swan, and passerine birds throughout California one winter
at the end of a 3-year drought. Severe dust conditions asso-
ciated with this weather pattern are thought to have inter-
fered with respiratory clearance mechanismsby reducing the
amount of mucous and other body secretions that coat the
cellular lining of the throat and air passages to the lungs,
thereby increasing bird susceptibility to aspergillosis. A fall
outbreak in Steller’s jays in British Columbia was associ-
ated with a particularly dry and warm summer.

Brooder pneumonia, a specialized springtime form of as-
pergillosis, infects chicks or ducklingsthat are placed in As-
pergillus-contaminated brooders. Catastrophic losses have
occurred on game farms under these circumstances. Chicks
have also been lost during captive-rearing of endangered
species. Aspergillosisisalso animportant cause of mortality
in winter roosts of blackbirds in Maryland and Pennsylva-
nia

Figure 13.3 Relative occurrence of aspergillosis in free-
ranging wild birds.
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Field Signs

The typical aspergillosis-affected bird is emaciated, and
it frequently exhibits severe and progressive difficulty in
breathing by gaping or rapid opening and closing of the bill
(Fig. 13.4A). Birds often appear to be unthrifty, and their
wings may droop (Fig. 13.4B). Infected birds are usually
weak and may fail to try to escape. With the exception of
visibleevidence of breathing difficulties, these signsare simi-
lar to thosefor lead poisoning. Infection that reachesthebrain
can resultin obviousloss of muscular coordination and twist-
ing of the head and neck so that the head is held in unnatural
positions. Inflammation of the covering of the brain or men-
ingoencephalitis with associated areas of brain tissue death
has been reported for eider ducklings dying from aspergillo-
sis.

Epizootic aspergillosis and brooder pneumoniaoutbreaks
are often characterized by sudden deaths of previously healthy
birds. Sick birds show acute respiratory distress and failure.

Photos by Milton Friend

Figure 13.4 (A) Respiratory distress and gaping (note the
open bill) in a herring gull suffering from aspergillosis. (B) Wing
droop also occurs. Note that the wing on the near side of this
bird is drooping well below the body.

Gross Lesions

Birds infected with the more typical chronic form of as-
pergillosisusually have variously sized lesionsin their lungs
and air sacs. Typically, theselesions appear asflattened, yel-
low plagues with a cheesy appearance and consistency (Fig.
13.5). Continuous masses of these lesions may completely
linetheair sac. There may also be an extensive fungus growth
on tissue and air sac surfaces that appears similar to bread
mold. Thisvelvety, blue-green or grey fungal mat is striking
in appearance (Fig. 13.6).

In cases of acute aspergillosis, the birds are usualy in
good flesh and have good-to-moderate deposits of fat. Air
sacs are usually thickened, but the most striking lesion is a
dark red, firm lung that is often studded or peppered with
small, 1-2 millimeter, yellow nodules (Fig. 13.7).

Other, less common lesions that have been described in-
clude necrotic skin granulomas or semifirm growths of granu-
lar consistency in chickens and pigeons. Cheesy plaquesthat
form in the eye beneath the nictitating membrane, which is
the transparent membrane that forms arapidly moving third
eyelid that keeps the eye clean and moist, or on the surface
of the eye have also been observed.

Diagnosis

Whole carcasses should be submitted for necropsy by
qualified diagnosticians. Diagnosis is based on finding the
typical lesions and on isolating the fungus from the tissues.
Aspergillus sp. can be identified by microscopically exam-
ining material from fungal matsand from tissue sectionsthat
have been specially stained. However, the specific species
of Aspergillus cannot be identified by these means.

Control

The spores of the mold A. fumigatus are widely distrib-
uted and are often present in moldy feeds, unclean brooders
and incubators, moldy straw, and rotting agricultural waste.
Aspergillus grows best on decomposing organic matter left
in awarm, dark, moist environment. Failure to maintain a
clean environment often leads to severe outbreaks.

Aspergillosis has broken out in mallardsfeeding in fields
that were previously covered by discarded moldy corn and
silage. Dusty straw hay placed aslitter in the bottoms of wood
duck nest boxes has resulted in losses of wood duck duck-
lings. Avoid using moldy or dusty straw, silage, or feed, and
dumping moldy waste grain in areas where waterfowl and
other birds feed. Birds should be denied the use of fields
where moldy agricultural waste products such aswaste corn,
peanuts, straw, or hay have accumul ated. Monitoring for such
situations in waterfow! concentration areas and establishing
contingency plans that can be implemented at the onset of
inclement weather can minimize the potential for waterfowl
deaths if the concentrated sources of Aspergillus spores can
not be dealt with in other ways. People who feed birds should
be educated to periodically clean their feeding stations.
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Figure 13.5 “Cheesy” plaques in the
lungs and air sacs of a bird with as-
pergillosis.
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Figure 13.6 Lung of a bird with
chronic aspergillosis showing
(A) “cheesy” fungal plaques, and
(B) “bread mold” fungal mat totally
involving the air sac adjacent to the
heart of this bird.
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Figure 13.7 Acute aspergillosis or “brooder pneumonia” in
a lung of a wood duck duckling. Note dark red, “studded”
(granular) appearance of lung.

Human Health Considerations

Aspergillosis is not contagious. However, when human
resistance to infection is impaired, aspergilli can cause rap-
idly devel oping acute infection following environmental ex-
posure. Invasive aspergillosis in humans involving dissemi-
nation of fungi to organs other than the lungsis often associ-
ated with the person being immunocompromised and, if the
diseaseis not properly diagnosed, it may be life threatening.
A few individuals who have worked with A. fumigatus have
becomeallergictoit. Allergic response can result in an acute,
life-threatening reaction to thisfungus. Itisunlikely that in-
fected bird carcasses would provide sufficient exposure to
result in either of these outcomes.

Milton Friend

Photo by James Runningen
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Chapter 14
Candidiasis

Synonyms
Moniliasis, candidiasis, thrush, sour crop

Cause

Candida albicans, ayeast-likefungi, isthe primary cause
of candidiasis or candidiosis. C. albicansisanormal inhab-
itant of the human alimentary canal, aswell as that of many
species of lower animals. Ingestion in food or in water isthe
usual means for its transmission. Contaminated environ-
ments, such as litter from poultry and gamebird rearing
facilities, refuse disposal areas, discharge sites for poultry
operations, and areas contaminated with human waste have
all been suggested as sourcesfor Candidia exposurefor birds.

Species Affected

There have been few reports of candidiasis causing dis-
ease in free-ranging wild birds and few investigations of its
prevalence. Therefore, little can currently be said about its
occurrencein wild species. Candidiasisisan occasional dis-
ease of importance within some poultry flocks, and it has
been reported as a disease or an intestinal infection in nu-
merous species of wild birds being raised in captivity. It has
also been an occasional cause of disease in wild species
being transported within the pet bird industry (Fig. 14.1).

Distribution
Candidiasis is found worldwide.

Seasonality

There is no known seasonal occurrence. Life-cycle pat-
ternsfor bird populations are likely to influence any tempo-
ral occurrence for this disease because young birds are gen-
erally more susceptible to infection.

Field Signs

There are no unique signs of disease. Affected poultry
have retarded growth, stunted appearance, are listless, and
have ruffled feathers.

Gross Lesions

Lesions are generally confined to the upper areas of the
digestive tract. The mouth, esophagus, and, primarily, the
crop, may have grayish-white, loosely attached, plaque-like
areas on their internal surfaces. Circular, raised, ulcerative

Figure 14.1 Avian groups reported to have been infected
with candidiasis.
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nodules that appear as rose-like clusters may be within the
crop, and the crop surface is often so unevenly thickened
that it appears to have the texture of a Turkish bath towel or
curds. Other areas of the upper digestive tract develop false
membranes that resemble those which develop during
diptheria, areas of dead tissue, and contain considerable tis-
sue debris.

Control

Theinfreguent reports of thisdiseasein free-ranging wild
birds do not warrant the need for disease control. This dis-
easeismorelikely to be encountered in captive-rearing situ-
ations. Disease prevention should be practiced to prevent
infections. Cages, equipment, and other materialsin contact
with infected birds should be disinfected because of the broad
host range of species that can become infected.

Human Health Considerations

Humans can beinfected, and infections can result in acute
or chronic disease that can involve the mucous membranes
(oral thrush), skin, nails, and internal organs.

Milton Friend

Supplementary Reading

Chute, H.L., 1997, Thrush (mycosis of the digestive tract), in
Calnek, B.W., and others, eds., Diseases of Poultry (10th ed.):
Ames, lowa, lowa State University, p. 361-365.

Odds, F.C., 1988, Candida and candidosis: London, Bailliere
Tindall, 468 p.

O'Meara, D.C., and Witter, J.F, 1971, Candidiasis, in Davis, JW.,
and others, eds., Infectious and parasitic diseases of wild birds:
Ames, lowa, lowa State University, p. 163-169.

136 Field Manual of Wildlife Diseases: Birds



Chapter 15

Miscellaneous Fungal Diseases

Asfor other types of disease, fungal infections probably are
more common causes of disease in wild birds than is cur-
rently recognized. Also, the similarity in gross lesions pro-
duced by some fungi mask the detection of less common
fungi as disease agents. Numerous types of disease-causing
fungi in addition to Aspergillus fumigatus and Candida
albicans have been isolated from birds; most isolations have
been from poultry and wild birds being maintained in cap-
tivity. Enhanced disease surveillance that is often associated
with privately owned birds and greater opportunity to detect
diseasein confined birds are reasonsfor these findings rather
than any known differences in the occurrence of fungal dis-
easesin free-ranging and captive birds. Many of the reported
infections appear to have been opportunistic invasions by
the fungi involved. Theimportant points are that many fungi
are capable of causing disease in birds but their collective
impacts do not rival A. fumigatus asasingle cause of disease
inwild birds. Nevertheless, it isimportant to be awvare of the
diversity of pathogenic or disease causing fungi.

Infectious diseases caused by fungi have been grouped
into categories that represent their involvement within the
host.

Types of mycosis
(direct invasion of tissue by fungal cells)

Category Area of the body affected

Superficial Found on the outermost layers of the
body covering; are generally of
cosmetic impact rather than causes
of illness or death; have not been
reported in birds.

Cutaneous Found on the skin and appendages.

(dermato-

phytosis)

Subcutaneous Usually found in the fat-containing
tissues underneath the skin and in the
skin.

Systemic Result in infection of internal organs

as well as other tissues.

Aspergillosis and candidiasis are diseases characteristic
of systemic mycosis. Candidiasis can also be a cutaneous
Mycosis.

Trichophyton gallinae is the primary cause of ringworm,
or fowl favus, in birds, and has been reported in poultry and
several species of wild birds in addition to companion ani-
mals, humans, and other mammalian species. T. gallinaeis
widely distributed geographically, and infection by thisfun-
gusisastriking example of acutaneous mycosis(Fig. 15.1).
Ringworm in birdsishighly contagious, and it istransmitted
by direct bird-to-bird contact or by contact with a contami-
nated environment. The fungus can remain viable at room
temperatureininfected scalesor skinlesionsthat slough from
the body for up to 1 year. Microsporum gallinae is another
widely distributed fungus that is a significant cause of ring-
worm in birds and mammals.

Dactylaria gallopova causes a subcutaneous mycosis re-
ported for poultry. This fungus is found in warm habitats
such as hot springs and thermal soils. The fungi generally
enter the body at atraumatized or injured site and may then
invade other sitesfollowing fungal establishment and growth.
D. gallopova is not contagious, but it can invade the brain
following its spread from the site of infection. Death is the
outcome when the brain is invaded.

Aspergillus niger is another fungus within the genus As-
pergillus that has caused bird deaths.

As noted in the Introduction of this Section, disease due
to infection of tissuesis only one aspect of the potential im-
pacts of fungi. The added issues of mycotoxins (see Section
6, Biotoxins), alergic responses, and other aspects of fungal
diseases make fungi an important area for consideration in
the management and stewardship of free-ranging bird popu-
lations.

Photo by U.S. Fish and Wildlife Service

Figure 15.1 Extensive loss of feathers of the head of a loon
believed to have been caused by ringworm resulting from in-
fection by Trichophyton sp.
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Se_ction 4_
Viral Diseases

Duck Plague
Inclusion Body Disease of Cranes

Miscellaneous Herpesviruses
of Birds
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Eastern Equine Encephalomyelitis
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Avian Influenza

Woodcock Reovirus

Inclusion bodies in the liver of a bird that died of herpesvirus infection
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Introduction to Viral Diseases

“The viruses almost surely antedate our species.” (Johnson)

“...viral emergence is essentially a two-step process: (1) introduction of the virus (what-
ever its origin) into a new host, followed by (2) dissemination within that new host
population...That second step might not occur at all...However, changing conditions
might increase the chances of this second step occurring.” (Morse)

Historically, viral diseases have not been recognized as
major causes of illness and death in North American wild
birds. Until relatively recently, this may have been due to
inadequate technology to culture and identify these organ-
isms. Unlike bacteria, viruses are too small to be seen under
the light microscope and they cannot be grown on artificial
media. Nevertheless, studies of infectious diseases caused
by viruses have often predated discovery of the causative
agents by many years as evidenced by smallpox immuniza-
tions being used centuries before that virus was identified.
The isolations of a tobacco mosaic virus in 1892 and foot
and mouth disease virusesin 1898 mark the development of
virology as adistinct biological science. The era of modern
virology began in the post-World War |1 years of 1945-50
with the application of cell culturetechniquesto the study of
animal viruses.

For centuries, gross and microscopic pathology associ-
ated with tissue alterations caused by viral infections have
been recorded for species of domestic birds, captive wild
birds, and, occasionally, for free-living wild birds. However,
significant concern about viral diseases in wild birds has
primarily occurred since the 1970s. This timeframe is
consistent with an apparent increase of emerging infectious
diseases and emerging viruses in other species, including
humans. It is noteworthy that this pattern exists for the dis-
eases included in this section. Duck plaguefirst appeared in

Quotes from:

Johnson, K.M., 1993, Emerging viruses in context: an overview of
viral hemmorhegic fevers, in Morse, S.S. [editor], Emerging
Viruses: Oxford University Press, New York, p. 46.

Morse, S.S., 1993 Examining the origins of emerging viruses, in
Morse, S.S. [editor], Emerging Viruses: Oxford University
Press, New York, p. 16-17.
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the United States in 1967 and the first major loss of wild
waterfowl from duck plague occurredin 1973. Eastern equine
encephalitis erupted in a captive breeding flock of whoop-
ing cranesin 1984; a highly virulent form of Newcastle dis-
ease virus has appeared several times among double-crested
cormorants in Canada since 1990 and in the United States
since 1992; and a previously undescribed reovirus was the
cause of death for woodcock in 1989 and again in 1993. In
1978, inclusion body disease of cranes appeared in acaptive
crane breeding colony in the Midwestern United States; that
outbreak was the first identification of this herpesvirus in-
fection. In 1978 also, avian pox viruses were first isolated
from free-living waterfowl and from bald eagles the foll ow-
ing year.

Avian influenza has been included in this section to give
wildlife resource managersbasic information about thisgroup
of generally avirulent virusesthat exchange genetic material
to create new forms of the virus, some of which are capable
of causing disease. Interest in influenzais primarily focused
on the role of migratory birds as a source of viruses that
infect domestic poultry and humans.

It seemslikely that viral diseaseswill assume even greater
future importance as causes of diseaseinwild birds. Greater
attention needs to be given to the study of this source of dis-
ease, especially in captive-propagation programs intended
for supplementing and enhancing wild stocks of birds.



Chapter 16
Duck Plague

Synonyms

Duck virus enteritis, DVE

Cause

Duck plague is caused by a herpesvirus. Infection often
results in an acute, contagious, and fatal disease. As with
many other herpesviruses, duck plague virus can establish
inapparent infections in birds that survive exposure to it, a
state referred to as latency. During latency, the virus cannot
be detected by standard methods for virusisolation. Studies
of domestic species of waterfowl have detected multiple
strains of the virusthat vary in their ability to cause disease
and death. Littleis known about the response of wild water-
fowl to strain differences.

Duck plague outbreaks are thought to be caused when
birds that carry the virus shed it through fecal or oral dis-
charge, thus releasing the virus into food and water with
which susceptible birds may have contact. Experimental
studies have demonstrated spontaneous virus shedding by
duck plague carriers during spring. Changes in the duration
of daylight and onset of breeding are thought to be physi-
ological stressesthat stimulate virus shedding at thistime of
year. The carriers are immune to the disease, but the virus
shed by them causes infection and disease among suscep-
tible waterfowl. Bird-to-bird contact and contact with virus
that has contaminated the environment perpetuate an out-
break. Scavenging and decomposition of carcasses of infected
birds also contaminate the environment by releasing viruses
from tissues and body fluids. Virus transmission through the
egg has been reported, but the role of the egg in the disease
cycle remains to be resolved.

Species Affected

Only ducks, geese, and swans are susceptible to duck
plague. Other aquatic birds do not become infected, and the
absence of mortality of American coot, shorebirds, and other
waterbirds that may be present during a waterfowl die-off
can be an important indication that duck plague may bein-
volved. Susceptibility varies greatly among waterfow! spe-
cies (Fig. 16.1). In one study with a highly virulent virus, it
took 300,000 times more virus material to infect northern
pintail than to infect blue-winged teal.

Distribution

Thefirst reported duck plague outbreak in North America
struck the white Pekin duck industry of Long Island, New

Highly susceptible
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.
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Figure 16.1 Comparative susceptibility of eight

waterfowl species to duck plague virus.
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*The activity index is an expression of the frequency of duck plague outbreaks in relation to time.

Ind Total number of outbreaks x number of years with outbreaks
ndex =

Current year — year of first outbreak within that state (x10)

Figure 16.2 Frequency of duck plague since year of first outbreak (1967-1996).
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Figure 16.3 Reported North American distribution of duck plague by period of first occurrence.
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York in 1967. Since then, duck plague has broken out from
coast to coast and from Canada to Texas. The frequency of
duck plague outbreaks has varied considerably geographi-
cally. Thegreatest frequency of duck plague activity hasbeen
reported in Maryland, followed by California, Virginia, and
New York (Fig. 16.2). The disease has a so been reported in
several Canadian Provincessinceit first was observed in the
United States (Fig. 16.3). First reported in the Netherlands
in 1923, duck plague has a so been reported in several other
countries in Europe and in Asia since 1958. The frequency
of duck plague varies within different types of waterfowl,
and failure to respond to these differences complicates dis-
ease prevention and control efforts. The different types of
waterfowl aggregations involved and the relative frequency
of duck plague activity within these different populations
are highlighted in Tables 16.1 and 16.2.

Despite the cumulative widespread geographic distribu-
tion and frequent occurrence of duck plague in captive and

feral waterfowl in North America, wild waterfowl have been
affected only infrequently. The only major outbreaks in mi-
gratory waterfowl have happened in South Dakota and New
York. In January 1973, more than 40,000 of 100,000 mal-
lards and a smaller number of Canada geese and other spe-
cies died at Lake Andes National Wildlife Refuge in South
Dakotawhilethey werewintering there (Fig. 16.4). Theonly
other duck plague event that caused substantial loss of wild
waterfowl occurred during February 1994 inthe Finger Lakes
region of western New York State. Approximately 1,200 car-
casses were recovered, primarily American black duck and
mallard, with nearly three times as many black duck as mal-
lard carcasses. The carcasses that were recovered were ap-
proximately 24 percent of the black duck and 3 percent of
the mallard populations present at the outbreak location.
During the initial 1967 outbreak in white Pekin ducks on
Long Island, several hundred wild waterfow! carcasses (pri-
marily mallard and American black duck) were recovered

Table 16.1 Types of waterfowl involved in outbreaks of duck plague in the United States.

Waterfowl classification Population composition

Commercial
Captive collections
Game farm

Feral

Nonmigratory
Canada geese.

Migratory

Birds raised for consumptive markets; for example, white Pekin ducks.
Zoological and other collections of birds for display and research.

Birds raised for release for sporting programs; for example, mallard ducks.
Nonmigratory, nonconfined waterfowl! of various species.

Resident populations of native wild species; for example, mallard ducks and

North American waterfowl that breed in one geographic area and winter in

another before returning to their Northern breeding grounds.

Table 16.2 Relative frequency of duck plague in different types of waterfow! within the United States.

Occurrence of disease

Waterfow! classification

Mortality events

Trends, 1967—-1996

Commercial Rare
Captive collections Occasional
Game farm Occasional
Feral Common
Nonmigratory Occasional
Migratory Rare

Was the primary virus
source, but is currently rare

None; sporadic outbreaks
None; sporadic outbreaks

Increasing outbreaks, and
currently prime virus source

None; sporadic outbreaks

None; rare
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from adjacent Flanders Bay, apparently asaresult of disease
transmission from white Pekin ducks. Those carcasses rep-
resented approximately 5 percent of the wild mallard and
black duck populations on Flanders Bay during the duck
plague outbreak. Mortality in the white Pekin duck flocks
was much greater, averaging 45 percent in mature ducks
(2-year olds) and 17 percent in immature ducks (younger
than 5 months of age). Equally important was the 2540 per-
cent decrease in egg production by mature breeder ducks
that were present during the outbreak. With the exception of
the Lake Andes, Finger Lakes, and Flanders Bay outbreaks,
duck plague in migratory waterfowl has been limited to a
small number of birds. All confirmed outbreaks have aso
involved commercial, avicultural, captive-raised, or feral
waterfowl.

The pattern of duck plague within North Americais that
of an emerging disease. The number of outbreaks being di-
agnosed is increasing each decade (Fig. 16.5). The great
majority of outbreaks occur within theAtlantic Flyway (Fig.
16.6) and nearly all of those events are within Maryland and
Virginia (Fig. 16.7). The factors responsible for the contin-
ued emergence and geographic spread of duck plaguewithin
North America are unknown, as is the distribution of duck
plague among free-living North American waterfowl popu-
lations.

Some individuals believe that a large number of surviv-
ing wild waterfowl exposed to this disease at Lake Andes
became disease carriers, that these disease carriers have per-
petuated infections in other wild waterfowl, and that duck
plagueisnow widespread among migratory waterfowl. How-
ever, surveys of wild waterfowl conducted by the U.S.

Figure 16.4 During the 1973 outbreak
of duck plague at Lake Andes National
Wildlife Refuge in South Dakota, more
than 40,000 mallards died.
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Department of Agriculturein 1967 and by the National Wild-
life Health Center (NWHC) from 1978 to 1986 and in 1982—
1983 did not detect any evidence of duck plague carriers. In
the latter NWHC survey, more than 4,500 waterfow! across
the United States were sampled (Fig. 16.8). Sampling sites
included major waterfowl concentration areas and areas
where duck plague has been a recurrent disease problem in
captive and feral waterfowl. Although none of the birds
sampled during either NWHC survey were shedding detect-
able duck plague virus, the previously described problem of
inapparent carrierscomplicatesinterpretation of theseresuilts.
New technology that was not yet developed at the time of
that survey provides increased ability to detect duck plague
carriers and resolve the question of sources for infection.

The absence of duck plague as a cause of mortality in the
thousands of wild waterfow! necropsied by the NWHC pro-
vides additional evidence that duck plague is not an estab-
lished disease in wild North American waterfowl. These ex-
aminations, performed since 1975, were of waterfowl found
dead on National Wildlife Refuges and other major water-
fowl concentration areas.

Seasonality

Duck plague outbreaks have been reported during every
month except August and September. A pproximately 86 per-
cent of these outbreaks occurred from March through June
(Fig. 16.9). This pattern of spring outbreaks has also been
reported for captive waterfowl collectionsin England, and it
may be associated with the physiological changes referred
to above.

Photo by Milton Friend
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Figure 16.5 Duck plague outbreaks in the United
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Figure 16.6 Duck plague outbreaks in the United
States by flyway, 1970s to 1999.
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Field Signs

Thereisno prolonged illness associated with duck plague;
therefore, sick birds are seldom seen in the field, and birds
that are healthy one day may be found dead the next. The
incubation period between virus exposure and death is gen-
erally 3—7 daysin domestic ducks, and experimental studies
have found that it is as long as 14 days in wild waterfowl.
Wing-clipped mallards released to monitor the Lake Andes
duck plague outbreak died 4-11 days after their release.

Sick birds may be hypersensitive to light, causing them
to seek dense cover or other darkened areas. They may ex-
hibit extreme thirst, droopiness, and bloody discharge from
thevent (Fig. 16.10A) or bill (Fig. 16.10B). The ground may
be blood-stained where sick birds have rested (Fig. 16.10C).
Therefore, duck plague should be suspected when blood-
soiled areas are seen following the flushing of birds, where
blood splotches that do not appear to be related to predation
or other plausible explanations are seen in the environment,
or where bloody discharges are seen where dead birds are
lying (Fig. 16.10D). In males, the penis may be prolapsed
(Fig. 16.10E).

An ulcerative “cold sore” lesion under the tongue from
which virus can be shed has been seen in someinfected water-
fowl (Fig. 16.11). Routine examination of apparently healthy
waterfowl for this lesion during banding operations may be
helpful in identifying inapparent carriers. Birds with these
lesions should be euthanized (see Chapter 5, Euthanasia) and
submitted to aqualified disease diagnostic |aboratory for ex-
amination.

Death may be preceded by loss of wariness, inability to
fly, and finally by a series of convulsions that could be mis-
interpreted as pesticide poisoning or other diseases such as
avian cholera (Fig. 16.12).

Gross Lesions

Duck plague virus attacks the vascular system, and can
result in hemorrhaging and free blood throughout the gas-
trointestinal tract (Fig. 16.13A). At the Lake Andes outbreak,
the most prominent lesions were hemorrhagic or necrotic
bands circumscribing theintestinein mallards (Figs. 16.13B,
C, and D) and disk-shaped ulcers in Canada geese (Figs.
16.13E and F). Sometimes there were “cheesy,” raised
plagues along the longitudinal folds of the esophagus and
proventriculus (Fig. 16.14A) and on the mucosal surface of
thelower intestine (Fig. 16.14B). Areas of tissue death (spots)
were also evident in the liver (Fig. 16.14C), as was hemor-
rhaging on the heart surface of some birds (Fig. 16.14D).

It isimportant to recognize that the appearance of lesions
may differ somewhat from speciesto species and that not all
lesionsarepresent in all birdsat all times. Outbreaks of duck
plague in captive and nonmigratory waterfowl have often
resulted in infected birdswith less distinct lesions. Of all the
lesionsillustrated, those of greatest valuein diagnosing duck
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Figure 16.10 Field signs associated with duck plague in-
clude: (A) blood staining of the vent area; (B) blood dripping
from the bill or a blood-stained bill; (C) blood-stained environ-
ment from which a resting mallard has just taken flight; (D)
blood-stained ice from the nasal discharge of a mallard dying
from duck plague; and (E) prolapse of the penis.



Photos by Milton Friend
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Figure 16.11 A “cold sore” under the
tongue.

Photo by James Runningen

Photos by Milton Friend

Figure 16.12 Death sequence observed during terminal stages of duck plague infection at Lake Andes National Wildlife
Refuge began with (A) the head of the bird dropping forward, wings becoming partially extended from the sides, and tail
becoming fanned and rigid. This was followed by (B) the bird swimming in a tight circle while rapidly beating the water with its
wings and with the head pulled back and twisted to the side. (C) At times, birds would fall over on their side, be unable to regain
a normal body position, and drown. (D) Other birds would simply stop swimming, relax, and quietly die. This entire sequence
generally lasted only a few minutes.
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Photo by James Runningen

Photos by Milton Friend (except photo D)

Figure 16.13 Appearance of major lesions of duck plague;
(A) hemorrhage and free blood in the lumen of the gastrointes-
tinal tract; (B and C) external appearance of hemorrhagic
bands in mallard intestine; and (D) appearance of bands when
intestine is opened, (E) external appearance of similar lesions
in intestine of a Canada goose; and (F) buttonlike rather than
bandlike appearance of lesions when intestine is opened.
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Photo by Steve Schmidit

Figure 16.14 Other internal lesions of duck
plague include: (A) cheesy, raised plaques
along the longitudinal folds of the esopha-
gus, proventriculus, and (B) inside (mucosal)
surface of the lower intestine. (C) Necrotic
spots may occur in the liver, and (D) varying
degrees of hemorrhage on the heart surface.

Photo by Milton Friend

Photo by Milton Friend

Photo by Milton Friend
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plague are hemorrhagic or necrotic bands or diskswithinthe
intestine, large amounts of free blood in the digestive tract,
and cheesy plagues in the esophagus and cloaca. Liver and
heart lesions of duck plague are grossly similar to those of
avian cholera, and they cannot be used to distinguish be-
tween these two diseases.

Diagnosis

Although a presumptive diagnosis of duck plague may be
made on the basis of characteristic internal lesions, final di-
agnosis can only be made by virus isolation and identifica-
tion. Ducks, geese, and swans that have characteristic signs
or lesions should be euthanized and shipped to a qualified
diagnostic laboratory as quickly as possible. Submit whole
birds rather than tissues. When this is not possible, the liver
should be removed, wrapped in clean aluminum foil, and
then placed in a plastic bag and frozen for shipment. The
remainder of the carcass should be incinerated if possible
and the areaand instruments used to process the carcass dis-
infected. Take particular care in preserving and packaging
specimens to avoid their decomposition during transit and
contamination of the shipping containers (see Chapter 2,
Specimen Collection and Preservation, and Chapter 3, Speci-
men Shipment).

Control

The primary objectives for duck plague control activities
are to minimize exposure of the population-at-risk at the
outbreak site and to minimize the amount of virus present in
the environment as a source for potential exposure of water-
fowl that may use the site in the near future. Control of duck
plague outbreaks requires rapid response and aggressive ac-
tions to prevent disease spread and establishment.

Birds with inapparent duck plague infections are prob-
ably the major reservoir of this disease and they pose the
greatest problem for disease prevention and control. Clini-
cally ill birds actively shed the virus and are recognized as
sick birds. However, asymptomatic healthy duck plague car-
riers can shed the virus periodically, but they are not overtly
identifiable. Therefore, destruction of infected flocks, includ-
ing eggs, is recommended whenever possible because in-
fected birds that survive are likely to become carriers and
can initiate subsequent outbreaks. New technology provides
promise for determining whether or not there are carriersin
aflock. The success of new technology for detecting carri-
erswill allow selective euthanization of those birds and not
the remainder of the flock.

Duck plague virusis hardy, and it can remain viable for
weeks under certain environmental conditions; for example,
the virus could be recovered from Lake Andes water held at
4 °C for 60 days under laboratory conditions. Duck plague
virusisinstantly inactivated at pH 3 and below and at pH 11
and above. Therefore, rigorous decontamination of infected
waters (for example, by chlorination) and grounds (that is,

by raising pH) and burning or decontamination of physical
structures, litter, and other materials at outbreak sites should
be carried out to the extent practical. Carcass collection
should be thorough and incineration used for disposal. Per-
sonnel and equipment used at outbreak sites should be de-
contaminated before leaving the site to prevent mechanical
spread of the virusto other waterfow! areas; chlorine bleach
and phenol base disinfectants are suitable for this (see Chap-
ter 4, Disease Control Operations).

A low virulence live-virus vaccine has been developed
for combating duck plague in the domestic white Pekin, but
this vaccine has not been proven entirely reliablein protect-
ing other species of ducks and geese. It should not be con-
sidered as a means of controlling or preventing outbreaksin
migratory birds.

The close association between duck plague outbreaks and
captive waterfowl, especially muscovy and mallard, needs
to be considered. Waterfowl rel ease programs should not use
birds or eggs from flocks with a history of this disease un-
lesstheflock has subsequently been shown by adequate test-
ing and other techni cal assessmentsto befree of duck plague.
Birds scheduled for release should be confined for at least 2
weeks beforerelease. Birdsthat die during this period should
be submitted to a qualified disease diagnostic laboratory. If
duck plagueisfound to be the cause of death in any of these
birds, none of the remaining birds should be released. Also,
managers of areas for wild waterfowl should not permit the
maintenance of domestic waterfowl, especially muscovy
ducks, on the area or waterfow! display flocks that have not
been certified free of duck plague.

Human Health Considerations
None.

Milton Friend
(Modified from an earlier chapter by Christopher J. Brand)

Supplementary Reading

Brand, C.J., and Docherty, D.E., 1984, A survey of North
American migratory waterfowl for duck plague (duck virus
enteritis) virus: Journal of Wildlife Disease, v. 20, p. 261-266.

Hansen, W.R., Brown, S.E., Nashold, S.\W., and Knudson, D.L.,
1999, Identification of duck plague virus by polymerase chain
reaction: Avain Diseasesv. 43, p. 106-115.

Leibovitz, L., 1971, Duck plague, in Davis, J. W., and others, eds.,
Infectious and parasitic diseases of wild birds: Ames, lowa,
lowa State University Press, p. 22-33.

Wobeser, G.A., 1997, Duck plague, in Diseases of wild waterfowl
(2nd ed): New York, N.Y., Plenum Press, p. 15-27.
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Chapter 17

Inclusion Body Disease of Cranes

Synonym

Crane herpes

Cause

In March 1978, apreviously unidentified herpesviruswas
isolated at the National Wildlife Health Center (NWHC) from
adie-off of captive cranes housed at the International Crane
Foundation (ICF) in Baraboo, Wisconsin. Serological test-
ing of thisvirus against other previously isolated avian her-
pesviruses does not result in cross-reactions, thereby sup-
porting this agent’s status as a distinctly new virus. The
NWHC assigned the descriptive name, “inclusion body dis-
ease of cranes’ (IBDC) to this disease when reporting the
outbreak in the scientific literature, because the disease is
characterized by microscopic inclusions in cell nuclei
throughout the liver and spleen.

Very little is known about how this disease is transmit-
ted. As with duck plague and avian cholera, outbreaks are
thought to be initiated by disease carriers within a popula-
tion of birds. The disease likely spreads by direct contact
between infected birds and other susceptible birds and by
contact with a virus-contaminated environment. Findings of
antibody in sera of cranes bled nearly 3 years before the
deaths at ICF indicates that the IBDC virus can be main-
tained in a captive crane population for at least 2 yearsand 8
months without causing mortality. The IBDC virus has been
isolated from the cloaca of antibody-positive cranes, which
indicates the potential for fecal shedding of the virus.

Species Affected

Spontaneousinfections have devel oped in several species
of captive cranes whose ages ranged from immature to adult
(Fig. 17.1). Laboratory-induced infections and death occurred
in adult cranes and in white Pekin ducklings between 3-17-
days old, but not in 64-day-old Muscovy ducks. Adult coot
were also susceptible, but white leghorn chickswerenot (Fig.
17.2). These findings demonstrate that at least several spe-
cies of cranes may become infected by thisvirus (virus rep-
lication develops in the bird following exposure), but the
occurrence of illness and death is highly variable among dif-
ferent crane species. Too little is known about IBDC to as-
sess other species’ susceptibility to it based solely on the
experimental infection of ducklings and adult coot. How-
ever, those findings need to be considered as a potential for
this diseaseto involve more speciesthan cranes. Further stud-
ies are needed to determine the true significance of IBDC as
athreat to waterbirds.

Distribution

Herpesviruses have been associated with captive crane
die-offsin severa countries. Die-offs have occurred in Aus-
tria (1973), the United States (1978), France (1982), China
(1982), the Commonweal th of Independent States [formerly
the Soviet Union (1985)], and Japan (1992).

The relation between the herpesviruses from these die-
offs has not been determined; however, the lesions and
general pathological findings are similar. Serologic datain-
dicates that captive cranes in the Commonwealth of Inde-

Response
Cranes Mortality Antibody
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Manchurian ® (]
Hooded [ (]
Sarus O (]
Common @) o Figure 17.1 Results
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Demoiselle '®) P II_BDC at the Interna-
Brol 0O o t/_onal Crane Found_a—
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. tion, Baraboo, Wis-
East African crowned @) ® consin.
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Inclusion Body Disease of Cranes 153



pendent States and Japan have been exposed to the IBDC
virus or to avery closely related herpesvirus.

Since the ICF die-off, many zoological collections have
submitted crane serafor testing by the NWHC. Nine collec-
tionsin the United States contained cranes that were found
to have been exposed to the virus because they tested posi-
tive for antibodies to it. Testing of endangered species of
cranes that were imported into the United States detected
four additional exposed cranes. All of the antibody positive
cranes came from Asia. Serological testing by the NWHC
has found the antibody to the IBDC virusin 11.3 percent of
452 samples from 14 species of captive cranesin the United
States. Resultsfrom other laboratories are not avail able; how-
ever, it is known that some antibody-positive cranes have
been detected in United States zoological collections in ad-
dition to samples tested by the NWHC.

There is no evidence that wild North American crane
populations have been exposed to IBDC. None of 95 sand-
hill crane seracollected in Wisconsin and Indianaduring 1976
and 1977 had antibody to thisvirus. Additional testing would
provide more information about the status of IBDC in wild
cranes.

Type of bird Mortality
Ducks
White Pekin
Q 3-days old [
D 17-days old ®
Muscovy
4 64-days old @)
QLA TR
Coot
‘« Adults e
Cranes”
Sandhill crane e
Common crane ()
Red-crowned crane ()

Chicken

b J

Mortality occured @
Mortality did not occur O

White Leghorn
17-days old @)

Figure 17.2 Known susceptibility of avian species to experi-
mental infection of IBDC.
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Seasonality

There have not been enough known outbreaks of IBDC
to indicate whether or not the disease has seasonal trends.
The outbreak of IBDC inWisconsin happened in March. The
other herpesvirus-associated die-offs in Austria, the Com-
monwealth of Independent States, and Japan happened in
December. There is not enough information currently avail-
able to determine the season of the die-off in China

Field Signs

During the | CF die-off, signs such as lethargy and loss of
appetite persisted for 48 hours, with occasionally bloody di-
arrheajust before death. Critically ill cranes often died when
they were handled.

Gross Lesions

Cranesthat died from IBDC at the |CF had swollen livers
and spleens. These organs contained many pinpoint-to-pin-
head-size lesions that appeared as yellow-white spots
throughout thetissue (Fig. 17.3). Other notable grosslesions
included hemorrhages in the thymus gland and intestines.
The acute nature of the disease was evident by abundant sub-
cutaneous fat in the carcasses that were examined.

Diagnosis

A presumptive diagnosi s can be made on the basis of gross
lesionsin the liver and spleen (Fig. 17.3). However, labora-
tory confirmation of thisdiagnosisisessential and it requires
virusisolation from affected tissues. Submit whole carcasses
to a disease diagnostic laboratory (see Chapter 3, Specimen
Shipment). When this is not possible, remove the liver and
spleen (see Chapter 2, Specimen Collection and Preserva-
tion), place them in separate plastic bags, and ship them fro-
zen. Because this disease causes characteristic intranuclear
inclusion bodies in the liver and spleen, it is aso useful to
place a piece of the liver and spleen in |0 percent buffered
formalin when whole carcasses cannot be submitted. Care
must be taken not to contaminate tissue samples being taken
for virusisolation when taking a portion of these tissues for
formalin fixation.

Control

Any outbreak of IBDC in North America should be con-
sidered a serious event requiring the immediate involvement
of disease control specialists; destroying the infected flock
and decontaminating the site of the outbreak currently are
the only means of controlling the disease. This extreme re-
sponse is complicated because endangered species of cranes
may beinvolved and it may be difficult to sacrifice them for
the benefit of other species. Nevertheless, failure to take ag-
gressive action could result in IBDC being established as a
significant cause of mortality in free-living North American
cranes, jeopardize captive breeding programsfor endangered



species of cranes, and result in this disease becoming a seri-
ous mortality factor among zoological collections.

When captive infected flocks cannot be destroyed, it is
important to make every effort to permanently isolate the
survivors from other birds. Birds that survive infection can
become carriers of the virus and infect other birds by inter-
mittently discharging virusinto the environment. Care must
also be taken to prevent spread of the virus to susceptible
birdsby contact with potentially contaminated materials such
as litter, water, feed, and feces from the confinement area.
Clothes and body surfaces of personnel who were in contact
with diseased birds are other potential sources of contami-
nation.

Thereisno evidencethat the IBDC virus can be transmit-
ted through the egg. However, until more is known about
this disease, eggs from birds surviving infection should be
disinfected and hatched elsewhere. Young from these eggs

should bereared at afacility free of IBDC, tested, and found
free of exposure to IBDC before they are alowed to have
contact with other birds.

Infection withthe IBDC virus elicitsan antibody response
that persists for several years. Thisis a useful indicator of
exposureto thisvirus. All captive cranesthat are being trans-
ferred to other facilities or released into the wild should be
tested for exposure to the IBDC virus. Birds found to have
antibodies to IBDC should be considered potential carriers
of this virus and either be destroyed or confined under the
conditions specified above.

Good husbandry practices are important for reducing the
potential for transmitting IBDC and for minimizing condi-
tions favorable to virus shedding. Crowding, inclement
weather, interspecies interactions, and poor sanitation were
all possible contributing factors to the die-off at the ICF.
IBDC has not reappeared at the | CF since corrective actions

Figure 17.3 Gross lesions of IBDC: (A) small, yellow-white spots throughout the cut surface of the liver; (B) abundance of
spots create mottled appearance of the liver surface; (C) external surface of the spleen; (D) cut surface of the spleen.
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were taken, which include isolating the survivors of the die-
off and initiating and maintaining an aggressive flock health-
surveillance program.

Human Health Considerations
None known.

Douglas E. Docherty

Supplementary Reading

Docherty, D.E., and Henning, D.J., 1980, Theisolation of a
herpesvirus from captive cranes with an inclusion body
disease: Avian Diseases, v. 24, p. 278-283.

Docherty, D.E., and Romaine, R.1., 1983, Inclusion body disease
of cranes: aserological follow-up to the 1978 die-off: Avian
Diseases, v. 27, p. 830-835.

Schuh, J.C.L., and Yuill, T.M., 1985, Persistence of inclusion body
disease of cranes virus: Journal of Wildlife Disease,

v. 21, p. lH19.

Schuh, J.C.L., Sileo, L., Siegfried, L.M., and Yuill, T.M., 1986,
Inclusion body disease of cranes: Comparison of pathologic
findings in cranes with acquired versus experimentally induced
disease: Journal of American Veterinary Medical Association,
v. 189, p. 993-996.
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Chapter 18

Miscellaneous Herpesviruses of Birds

Synonyms
Inclusion body disease of falcons, owl herpesvirus,

pigeon herpes encephalomyelitis virus, psittacine her-
pesvirus

Cause

Herpesviruses other than duck plague and inclusion body
disease of cranes (see Chapters 16 and 17 in this Section)
have been isolated from many groups of wild birds. The dis-
eases that these viruses cause have been described, but their
comparative taxonomy and host ranges require additional
study. All of these DNA viruses are classified in the family
Herpesviridae, but they belong to various taxonomic sub-
families. The mechanisms for transmitting avian herpesvi-
ruses appear to be direct bird-to-bird contact and exposure
to avirus-contaminated environment. The virusis transmit-
ted to raptors and owls when they feed on infected prey that
serve asasource of virus exposure. The development of dis-
ease carriers among birds that survive infection istypical of
herpesvirus. Stressinduced by many different factorsis often
associated with the onset of virus shedding by carrier birds
resulting in the occurrence and spread of clinical disease.

Species Affected

Herpesviruses infect a wide variety of avian species
(Fig. 18.1). Many virus strains appear to be group-specific
in the bird species they infect and sometimes only infect a
limited range of species within a group. A few of these vi-
rusesinfect awide speciesrange. For example, although duck
plague only affects ducks, geese, and swans, it affects most
species within this taxonomic grouping (see Chapter 16).
However, inclusion body disease of cranes has been shown
under experimental conditionsto infect birds of several fami-
lies (see Chapter 17). Viruses included in the falcon-owl-
pigeon complex resulted from experiments to cross-infect
birdsin these different groups. Herpesvirusesasagroup have
beenisolated from almost every animal speciesinwhichthey
have been sought and the viruses also cause disease in hu-
mans. In nature, the ability of these viruses to transmit to
new hosts is governed by species behavior and host suscep-
tibility to specific types of herpesviruses.

Distribution

To date, avian herpesviruses have been reported from
North America, Europe, the Middle East (Irag), Asia, Rus-
sia, Africa, and Australia and they are probably distributed
worldwide (Table 18.1). Knowledge of their distribution in
wild bird populations is limited to occasional isolated dis-

ease events in the wild, isolation of the viruses in associa-
tion with other disease events, and from surveys of healthy
birds. Unfortunately, there are few followup laboratory or
field studiesto expand information on those virusesthat have
been isolated. Most of the information on avian herpesvirus
comes from disease eventsthat affect or are found in captive
flocks. The presence of this group of viruses in wild bird
populations is probably more extensive than current data
would indicate.

Seasonality

Little is known about the seasonality of disease caused
by avian herpesviruses. Late spring appears to be the peak
season for duck plague outbreaks (see Chapter 16), but less
information about other herpesvirus infections of wild birds
isavailable. The ability of thisvirus group to establish latent
or persistently infected birds reduces the requirement for
continual virustransmission to survivein an animal popula-
tion (see Chapter 16, Duck Plague, and Chapter 17, Inclu-
sion Body Disease of Cranes). Breeding season probably pro-
vides the best time of the year for bird-to-bird virus trans-
mission in solitary species. Transmission of herpesviruses
via the egg has been shown for some species, but more re-
search is required to determine the importance of egg trans-
mission for virus perpetuation. Seasonality probably playsa
moreimportant rolefor virustransmission in and among bird
species that assemble for migration between summer breed-
ing and wintering grounds.

Field Signs

The general signs of disease include depression of nor-
mal activity and sudden mortality in agroup of birds. Respi-
ratory distress may also be seen. Captive pigeons may show
pronounced neurological signs such as extremity paralysis,
head-shaking, and twisting of the neck.

Gross Lesions

Birds dying from infection with this group of viruses can
have tumors (chicken and pigeon), hemorrhagic lesions
(chicken, pheasants, ducks, cranes, peafowl, and guineafowl),
or, more commonly, hepatitis, and disseminated focal ne-
crosisor visual areas of localized tissue death that appear as
spotswithin the normal tissueintheliver, spleen, (Fig. 18.2)
and bone marrow along with occasional intestinal necrosis.
This broad array of lesions complements and extends those
seen for duck plague and inclusion body disease of cranes
(Chapters 16 and 17).
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Figure 18.1 Relative frequency of
disease from herpesvirus infections in

birds of North America.
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Table 18.1 Geographical distribution of avian herpesvirus infections.

Continents
North America Europe  Africa Australia  Other

Raptors
Booted eagle b
Bald and golden eagles i
Common buzzard (Old World) i
Falcons
Prairie i
Red-headed i
Peregrine i
Gyrfalcon i
Kestrels i
Owls
Eagle owl i
Long-eared owl i
Great horned owl i
Snowy owl i i
Pigeon i i i i Egypt
Ringed turtle dove i
Storks d
Cranes i d China
Japan
Russia
Wild turkey i
Psittacines (several species) i b Japan
Bobwhite quail i
Waterfowl (non-duck plague) i i i
Black-footed penguin i
Passeriforms
Exotic finches d
Weavers b
Finches, including canary i
Cormorants i

Gallinaceous birds such as chicken, pheasants, peafowl, and guinea fowl raised in captivity
have also been infected.
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Figure 18.2 Herpesviruses can produce areas of tissue
necrosis, appearing as white spots, such as in this peregrine
falcon liver (A) and this great horned owl spleen (B).

Diagnosis

The primary methods for diagnosing herpesvirus as a
cause of disease are virusisolation from infected tissues and
finding, during microscopic examination of infected cells,
the characteristic accumulations of cellular debris referred
to as intranuclear (Cowdry type A) inclusion bodies (Fig.
18.3). These lesions are most often seen in the liver, spleen,
and bone marrow. Thevirus can usually beisolated in chicken
or duck embryo fibroblast tissue culture or in embryonated
chicken eggs.

Control

Control actions warranted for outbreaks of herpesvirus
infections are dependent upon the type of herpesvirusinfec-
tion and the prevalence of disease in the species or popula-
tionsinvolved (see Chapter 4, Disease Control Operations).
Euthanasia of infected flocks should be considered for ex-
otic viruses and viruses that are likely to cause high mortal-
ity within the population at risk. When depopulation is not
appropriate because of the ubiquitous nature of the disease,
or for other reasons, disease-control steps should still be
taken. Sick hirds, aswell asthose in the preclinical stages of
illness, will be shedding virusinto their environment; there-
fore, birds that are suspected of being infected should be
segregated from other birds and quarantined for 30 days. Any
birds noticeably ill should be isolated from the rest of the
contact group. A high level of sanitation should be imposed
and maintained for the full quarantine period where birds
are housed. Decontamination procedures are needed to mini-
mize disease transmission viavirusthat is shed in feces and
by other means.

Dead birds should be removed immediately and submit-
ted for disease eval uations. Standard bagging and decontami-
nation procedures should be used to avoid off-site transfer
of the virus. Personnel should follow good hygiene methods

160 Field Manual of Wildlife Diseases: Birds

llIll|l|ll|llIIIHH‘H|I|IH1‘HII|IH|'l

TIMETERS
CEN e o

Photo by Carol Meteyer

and should not have any contact with other birds for 7 days
to prevent mechanically carrying contamination from the
guarantine site.

Surviving birds should be tested for virus and virus spe-
cific antibody. All birds with antibody are probably virus
carriers and they pose arisk as a source for future virusin-
fection. Future use of these birds should take this into con-
sideration. This is especialy important when endangered
speciesareinvolved and for wildlife rehabilitation activities
because survivors of herpesvirus infections are potential
sourcesfor theinitiation of new outbreaks and further spread
of the disease.

Human Health Considerations

Avian herpesviruses have not been associated with any
disease of humans.

Photo by Lou Sileo

Figure 18.3

Inclusion bodies (arrows) in liver cell nuclei of a
great horned owl! that died of herpesvirus infection.

Wallace Hansen



Supplementary Reading

Burtscher, H., and Sibalin, M., 1975, Herpesvirus strigis: Host
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Diseases, v. 11, p. 164-1609.

Graham, D.L., Mare, C.J., Ward, F.P, and Peckham, M.C., 1975,
Inclusion body disease (herpesvirus infection) of falcons
(IBDF): Journal of Wildlife Diseases, v. 11, p. 83-91.

Kaleta, E.F., 1990, Chapter 22; Herpesviruses of free-living and
pet birds, in A laboratory manual for the isolation and
identification of avian pathogens, American Association of
Avian Pathologists. p. 97-102.
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Chapter 19
Avian Pox

Synonyms

Fowl pox, avian diphtheria, contagious epithelioma, and
poxvirus infection

Cause

Avian pox isthe common namefor amild-to-severe, low-
developing disease of hirds that is caused by a large virus
belonging to the avipoxvirus group, a subgroup of pox-
viruses. This group contains several similar virus strains;
some strains have the ability to infect several groups or spe-
cies of birds but others appear to be species-specific. Mos-
quitoes are common mechanical vectors or transmitters of
thisdisease. Avian pox istransmitted when amosquito feeds
on an infected bird that has viremia or pox virus circulating
initsblood, or when a mosquito feeds on virus-laden secre-
tions seeping from a pox lesion and then feeds on another
bird that is susceptible to that strain of virus. Contact with
surfaces or exposure to air-borne particles contaminated with
poxvirus can also result in infections when virus enters the
body through abraded skin or the conjunctiva or the mucous
membrane lining that coversthe front part of the eyeball and
inner surfaces of the eyelids of the eye.

Species Affected

The highly visible, wart-like lesions associated with the
featherlessareas of birds have facilitated recognition of avian
pox since ancient times. Approximately 60 free-living bird
species representing about 20 families have been reported
with avian pox. However, the frequency of reports of this
disease varies greatly among different species (Fig. 19.1).
Avian pox has rarely been reported in wild waterfowl, and
all North American cases have been relatively recent (Table.
19.1). The first case was in a free-living green-winged teal
inAlaska. Single occurrences have also been documentedin
a Canada goose in Ontario, Canada, amallard duck in Wis-
consin, aferal mute swan cygnet in New York, and atundra
swan in Maryland. Three cases in American goldeneye have
been reported in Saskatchewan, Canada, and New York. Avian
pox al so appeared in Wisconsin among captive-reared trum-
peter swansthat were part of areintroduction program. Zoo-
logical garden casesinclude common scoter in the Philadel-
phia Zoo and a Hawaiian goose in the Honolulu Zoo.

Avian pox in a bald eagle was first diagnosed in 1979 in
Alaska and it was a lethal infection. Since then, additional
bald eaglesin Alaska and at other locations have been diag-
nosed with this disease (Fig. 19.2). The severity of infection
resulted in several of these cases being lethal. Poxvirusin-
fections have been reported in other raptors, most recently

Multiple'

Occasional®

Few®

Rare or not reported

Songbirds A

Upland gamebirds
Marine birds
Raptors
Waterfowl

Wading birds

Shorebirds ’\

IReports often involve a number of birds in a single event.
2Reports tend to involve individuals rather than groups of birds.
3Small number of reports, generally involving individual birds.

Figure 19.1 Reported avian pox occurrence in wild birds in
North America.
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Table 19.1 Waterfowl in North America reported to have
avian pox.

Year of first

report

Species Locations in species
Harlequin duck Alaska 1994
Blue-winged teal Wisconsin 1991
Wood duck Wisconsin 1991
Redhead duck Wisconsin 1991
Trumpeter swan Wisconsin 1989
Common goldeneye New York 1994
Saskatchewan 1981
Tundra swan Maryland 1978
Green-winged teal Alaska 1978
Mallard Wisconsin 1978
Canada goose Ontario 1975
Common scoter Pennsylvania 1967
Mute swan New York 1964

Figure 19.2 Number of bald eagles with cutaneous pox by
State, 1979-97. (From National Wildlife Health Center records.)

in the eastern screech owl and barred owl in Florida (Table
19.2).

OnMidway Atall, large numbers of colonial nesting birds,
such asthe Laysan albatross, have becomeinfected with avian
pox. Red-tailed tropicbirds on Midway Atoll previously had
been affected by avian pox. The shift in predominant species
infected relates to the dramatic shift in population densities
for the two species over time (1963—1978). Mourning dove,
finches, and other perching birds using backyard feeders
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(Fig. 19.3) frequently have been reported to have been struck
by avian pox epizootics. Avian pox is suspected as a factor
inthe decline of forest bird populationsin Hawaii and north-
ern bobwhite quail in the southeastern United States, where
it is also an important disease of wild turkey.

Distribution

Avian pox occursworldwide, but littleis known about its
prevalenceinwild bird populations. Theincreased frequency
of reported cases of this highly visible disease and the in-
volvement of new bird species during recent years suggests
that avian pox is an emerging vira disease. Birds can be-
comedisease carriers and spread avian pox among local popu-
lations, such as between birdfeeding stations, and along mi-
gratory routes used by various bird species. Mosquitoes that
feed on birds play the most important role for both disease
transmission and long term disease maintenance. However,
contamination of perches and other surfaces used by captive
birds can perpetuate disease in captivity. Pox outbreaks are
commonly reported at aviaries, rehabilitation centers, and
other placeswhere confinement provides close contact among
birds. The disease can spread rapidly when avian pox isin-
troduced into such facilities. Species that would not ordi-
narily have contact with avian pox virus in the wild often
become infected in captivity if the strain of virus present is
capable of infecting a broad spectrum of species. Common
murresrescued from an oil spill in Californiadevel oped pox-
virus lesions while they were in a rehabilitation center. En-
dangered avian species also have been infected during cap-
tive rearing.

Seasonality

Although wild birds can be infected by pox virus year-
round (Fig. 19.4), disease outbreaks have been associated
with the environmental conditions, the emergence of vector
populations, and the habits of the species affected. Environ-
mental factors such as temperature, humidity, moisture, and
protective cover al play arolein the occurrence of thisdis-
ease by affecting virussurvival outside of the bird host. Avian
pox virus can withstand considerable dryness, thereby re-
maining infectious on surfaces or dust particles. Mosquitoes
that feed on birds are the most consistent and efficient trans-
mitters of this disease. Mosquito populations are controlled
by breeding habitat and annual moisture.

Thetime of appearance and magnitude of vector popula-
tions varies from year to year, depending on annual weather
conditions. This influences the appearance and severity of
the disease in any given year. Only limited studies have been
carried out to assess the relations between avian pox and
insect vector populations. Studies on the Island of Hawaii
disclose a close relation between the preval ence of poxvirus
infectionsin forest birds and seasonal mosquito cycles. The
lowest prevalence of pox virusinfection in California quail
in Oregon was reported in the dry summer months and the



highest was reported during the wetter fall and winter months.
In Florida, reports of avian pox inwild turkey correspond to
the late summer and early fall mosquito season. On Sand
Island of the Midway Atoll, avian pox was first reported in
September 1963 in the nestlings of the red-tailed tropichird.
In March and April of the late 1970s, this disease was found
in nestling Laysan albatross on Sand Island. Thisis an ex-
ample of disease seasonality influenced by dramatic shifts
in predominant species populations.

Birdfeeding stations have been the source of numerous
poxvirus outbreaks in the continental United States
(Fig. 19.3). Contact transmission of the virusthrough infected
surfaces and close association of birds using those feedersis
the likely means of transmission during cooler periods of
the year when mosquitoes are not a factor, and birdfeeders
provide additional sources of infection when mosquitoesare
present.

Field Signs

Birds with wart-like nodules on one or more of the feath-
erless areas of the body, including the feet, legs, base of the
beak, and eye margin should be considered suspect cases of
avian pox (Fig. 19.5). The birds may appear weak and ema-
ciated if the lesions are extensive enough to interfere with
their feeding. Some birds may show signs of labored breath-
ing if their air passages are partially blocked. Although the
course of thisdisease can be prolonged, birds with extensive
lesions are known to completely recover if they are able to
feed.

Gross Lesions

Avian pox hastwo disease forms. The most common form
iscutaneous and it consists of warty nodulesthat develop on
the featherless parts of the bird. This form of the disease is
usually self-limiting; the lesions regress and leave minor
scars. However, these nodul es can become enlarged and clus-
tered, thus causing sight and breathing impai rment and feed-
ing difficulty (Figs. 19.6A and B). Secondary bacterial and
other infections are common with this form of the disease,
and these infections can contribute to bird mortality. In some
birds, feeding habits result in the large warty nodules be-
coming abraded and then infected by bacterial and fungal
infections (Figs. 19.6C and D).

Theinternal form of diseaseisreferred to aswet pox and
itisprimarily aproblem of young chickensand turkeys. This
diphtheritic form appears as moist, necrotic lesions on the
mucus membranes of the mouth and upper digestive and res-
piratory tracts (Fig. 19.7), and it has occasionally been re-
ported inwild birds (Fig. 19.8). Thisform of avian pox prob-
ably occurs more frequently in wild birds than it is reported
because it is less observabl e than the cutaneous form. Also,
the more severe consequences of wet pox undoubtedly causes
greater morbidity and mortality, thereby leading to removal
of infected birds by predators and scavengers.

Table 19.2 Birds of prey from North America reported to
have contracted avian pox.

Year of first

report
Species Locations in species
Barred owl Florida 1995
Bald eagle Maine 1995
Ohio 1995
Rhode Island 1993
Michigan 1992
Minnesota 1989
California 1987
Nebraska 1987
Maryland 1986
Massachusetts 1986
South Dakota 1986
Wisconsin 1986
Pennsylvania 1985
Arkansas 1984
New York 1983
Florida 1982
Virginia 1981
Washington 1981
Alaska 1978
Eastern screech owl Florida 1994
Peregrine falcon New York 1994
Ferruginous hawk Texas 1993
Golden eagle Missouri 1989
Kansas 1986
California 1976

British Columbia 1970

Red-tailed hawk Nebraska 1988
Wisconsin 1985
Washington 1981
Missouri 1970
Rough-legged hawk North Dakota 1971

Diagnosis

A presumptive diagnosis of avian pox can be made from
the gross appearance of the wart-like growths that appear on
body surfaces. However, these observations must be con-
firmed by examining lesions microscopically for character-
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Figure 19.3 Number of avian pox outbreaks involving passerines at
birdfeeding stations by State, 1975-79. (National Wildlife Health Cen-
ter Database.)

Season
Species group Spring  Summer  Fall Winter
Marine birds ] @) [
Raptors @) @) @) ®)
Upland gamebirds @) [ ]
Songbirds @) @) (]
Hawaiian forest birds @) [ [

1

High prevalence of infection ]
Low prevalence of infection O

Figure 19.4 Seasonal avian pox outbreaks in wild birds.
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Figure 19.5 (A) Avian pox lesions typi-
cally are found on featherless parts of
the body. This Laysan albatross chick
has small pox nodules on the face and
eyelid. (B) As the disease progresses,
these lesions become more extensive.
(C) Lesions also are commonly seen on
the legs and (D) feet.
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Figure 19.6 Pox lesions can be so extensive that they im-
pair breathing, sight, and feeding as seen in these bald eagles:
(A) extensive infection of both sides of the face, (B) obstruc-
tion to feeding due to the size and location of these lesions at
the base of the bill, and (C) obstruction of sight due to com-
plete occlusion of the eye. (D) Massive facial lesions often
become abraded and subject to secondary infections.

Figure 19.7 Diphtheritic form of avian pox (arrow) in a Laysan
albatross at Midway Atoll.
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Species group Species

Marine birds

B2

Upland gamebirds

oA

Songbirds

P~

White-tailed tropicbird
Laysan albatross
Common murre

Morning dove
Ruffed grouse
Northern bobwhite qualil

Bullfinch
House finch

Figure 19.8 Wild bird species in which wet pox has been
reported.

istic cellular inclusion bodies. Avian pox is confirmed by
virus isolation and serological identification. Submit the
wholebird or the affected body part (for example, the feet or
head) to a disease diagnostic laboratory that has virusisola-
tion capabilities. Immediately freeze samples that must be
held for more than 24 hours before shipment. Virusisolation
can be attempted from alive bird by collecting samplesfrom
the affected area. However, consult with the diagnostic |abo-
ratory staff before collecting samples.

Control

The fundamental principle for controlling avian pox isto
interrupt virus transmission. The difficulty in applying con-
trol proceduresis related to the type of transmission taking
place, the mobility of the infected birds, and the size of the
affected area. The more confined a population at risk, the
more effective the control procedureswill be. Therefore, pre-
vention is the first method for controlling this disease. Vec-
tor control (primarily mosquitoes) in and around the disease
area should be considered first. Identifying and eliminating
vector breeding and resting sites together with controlling
adult mosquito populations are most desirable. Removing
heavily infected animals is aso helpful because it dimin-
ishes the source of virus for vector populations. This also
reduces the opportunity for contact transmission between
infected and noninfected birds.

Special vigilance of captive birds is needed, especially
when threatened and endangered species are involved. Be-
cause poxvirus is resistant to drying, disease transmission
by contaminated dust, food, perches, cages, and clothing can
pose a continuing source of problems. Therefore, theseitems

need to be decontaminated with disinfectant, such asab per-
cent bleach solution, before they are disposed of or reused.

The poultry industry uses modified live vaccines to pre-
vent avian pox, but their safety and effectivenessinwild birds
have not been determined. In addition, strain differencesin
the virus, host response to those different strains, and logis-
tical problems of a vaccination program further complicate
using vaccines for wild birds. The greatest potential use of
vaccination isfor protecting captive-breeding popul ations of
threatened and endangered species and for providing immu-
nity in birds that are to be released into areas where pox isa
problem.

Human Health Considerations

Avian poxvirus is part of a larger family of poxviruses
that includes the human disease known as variola or small-
pox. However, there is no evidence that avipoxviruses can
infect humans.

Wallace Hansen
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Chapter 20

Eastern Equine Encephalomyelitis

Synonyms

EEE, eastern encephalitis, EE, eastern sleeping sick-
ness of horses

Cause

Eastern equine encephalitis (EEE) is caused by infection
with an RNA virus classified in the family Togaviridae. The
virusisalso referred to as an “arbovirus’ because virus rep-
lication takes place within mosquitoes that then transmit the
disease agent to vertebrate hosts such as birds and mammals,
including humans. The term arbovirus is shortened nomen-
clature for arthropod (insect) borne (transmitted) viruses.
Culiseta melanura is the most important mosquito vector; it
silently (no disease) transmits and maintainsthe virusamong
birds. However, several other mosquito species can transmit
thisvirus, including theintroduced Asian tiger mosquito. New
hosts become infected when they enter this endemic natural
cycle and are fed upon by an infected mosquito. Therefore,
the presence of mosquito habitat, the feeding habits of dif-
ferent mosquito species, and the activity patterns of verte-
brate hosts are among theimportant factorsfor disease trans-
mission.

Distribution

Thisdiseaseisprimarily found in eastern North America
especially along the Atlantic and Gulf Coasts, and the dis-
ease range extendsinto Central and South America. The caus-
ative virus has been isolated from eastern Canadato Argen-
tina and Peru, and it is maintained in a mosquito-wild bird
cycle as an endemic (enzootic) focus of infection in nature
that isusually associated with freshwater marshes. Wild bird
die-offsfrom EEE have been limited to captive-rearing situ-
ations. Die-offs have occurred in pheasantsin coastal States
from New Hampshireto Texas, where they have been raised,
in chukar partridge and whooping cranes in Maryland, and
in emus and ostriches in Louisiana, Georgia, Florida, and
Texas.

Species Affected

EEE virus produces inapparent or subclinical infections
in a wide range of wild birds (Fig. 20.1). However, EEE
virus has caused mortality in glossy ibis and in several bird
speciesthat are exotic to the United States, including pigeon,
house sparrow, pheasants, chukar partridge, white Peking
ducklings, and emu. The infection rate in penned emus in
the United States has reached 65 percent with a case mortal-
ity rate of 80 percent. In the past, extensive losses have

Frequent

Common

Occasional

Rare
Unknown

Songhirds A

Upland gamebirds

Shorebirds r

Gulls

Cranes

Waterfowl

Pl I’/-_

Marine birds

Raptors ‘

Figure 20.1 Relative frequency of EEE virus isolation
or presence of antibodies in birds.
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Spring
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Spring
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Spring
Summer
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Spring

Summer
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Mosquitoes
Spring
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Figure 20.2 Seasonality of virus isolation from birds and mos-
quitoes.

occurred in ring-necked pheasant being reared in captivity
for sporting purposes, including one outbreak in a South
Dakota pheasant farm. Large-scale mortalities in captive
pheasants are perpetuated by bird-to-bird disease spread
through pecking and cannibalism after EEE has been intro-
duced by mosquitoes, usualy of the genus Culiseta. Out-
breaks have not been reported during recent years.
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In September and November of 1984, EEE viruswas as-
sociated with the deaths of 7 of 39 captive whooping cranes
at the Patuxent Wildlife Research Center in Laurel, Mary-
land. Sandhill cranes coexisting with the whooping cranes
did not become clinically ill or die.

Passerines (perching songbirds), some small rodents, and
bats are highly susceptible to infection and they often die
from experimental infections. Horses are highly susceptible
and they often die from natural infections.

Seasonality

EEE is associated with the early summer appearance of
C. melanura mosquito populations (Fig. 20.2). Nestling birds,
such as passerines and other perching birds, are the amplifi-
cation hosts for the virus, producing high concentrations of
virus in their blood or viremia following mosquito infec-
tion. New populations of emerging mosguitoes become in-
fected when they feed on the viremic birds. C. melanura
and other species of infected mosquitoes can transmit the
virus to other species of birds susceptible to disease (Fig.
20.3).

The summer-fall transmission cycleis followed by little
virustransmission during the winter and spring months. The
overwintering mechanism for virus survival is not known.
Infected mosquitoes, other insects, cold-blooded vertebrate
species, or low levels of virus transmission by mosquitoes
are among current theories for virus cycle maintenance in
milder climates. It isalso believed that bird migration spreads
the virus to higher latitudes in the spring.

Field Signs

Clinical signs do not develop in most native species of
wild birds infected with EEE virus. Clinical signs for non-
indigenous birds (including pheasants) include depression,
tremors, paralysis of thelegs, unnatural drowsiness, profuse
diarrhea, voice changes, ataxia or loss of muscle coordina-
tion, and involuntary circular movements (Fig. 20.4). Some
of the EEE-infected whooping cranes became lethargic and
incoordinated or ataxic, with partial paralysis or paresis of
the legs and neck 3-8 hours prior to death; other cranes did
not develop clinical signs before they died.

Gross Lesions

Gross lesions in whooping cranes included fluid accu-
mulation in the abdominal cavity or ascites, intestinal mu-
cosal discoloration, fat depletion, enlarged liver or hepatome-
galy, enlarged spleen or splenomegaly, and visceral gout
(Fig. 20.5).

Diagnosis

Because of human health hazards, field personnel should
not dissect birds suspected of having died from EEE. Whole
carcasses should be submitted to diagnostic laboratories ca-
pable of safely handling such specimens. EEE can be diag-
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Figure 20.3 Transmission of eastern equine encephalomyelitis. (A) Virus circulates in songbird populations by being transmit-
ted by mosquitoes. Those birds are susceptible to infections, but they do not become clinically ill or die. (B) The outbreak cycle
is started either when an infected mosquito from the enzootic cycle feeds on highly susceptible birds such as pheasants or
cranes, or when another species of mosquito, that primarily feeds on these same birds, becomes infected after feeding on
songbirds in the enzootic cycle and transmits the virus. The epizootic cycle is maintained by the second mosquito species. (C)
The broader host feeding range of the second mosquito results in exposure of horses and humans. No disease cycle is main-
tained between these species by mosquitoes.
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Figure 20.4 A hen pheasant with EEE
exhibiting neurologic signs.

Figure 20.5 The white, grainy material on the liver of this whooping crane is evi-
dence of visceral gout.
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nosed by virus isolation from infected whole blood or brain
and other tissues from dead birds. Diagnosis of virus activ-
ity can be made from surviving birds because they will have
virus neutralizing antibodies in their blood serum. The rise
and fall in serum antibodies that occurs after virus exposure
can be used to assess infection rates and the relative timing
of exposure before antibody levels reach nondetectible lev-
els. Most native birds do not suffer clinical infections.

Control

There are two approaches to protecting susceptible ani-
mals from infection from vector-borne diseases. The first
approach includes separating mosquitoes from animals at
risk. This requires eliminating mosquito breeding and rest-
ing sitesin an endemic area or protecting animals from mos-
quito contact by maintaining them in an insect-proof enclo-
sure. In the second approach, vaccination is used to render
the animal immune. A killed-virus vaccine was used in cap-
tivewhooping cranesto protect therest of the breeding flock
following the 1984 outbreak. Vaccination has al so been used
to protect whooping cranes rel eased into an areawhere EEE
isprevalent in mosquito populations. Field data suggest that
immunity in those cranes is being boosted by natural infec-
tions after their release.

Human Health Considerations

Humans are susceptible to EEE and human cases typi-
cally arise after the disease has appeared in horses. EEE isa
significant disease in humans with a case fatality rate of be-
tween 30-70 percent and it often causes severe permanent
neurological disorders among survivors. Aerosol infection
ispossible but rare. Laboratory personnel have been infected
with this virus. Human pre-exposure vaccination is recom-
mended for people who may handle infected tissues.

Wallace Hansen and Douglas E. Docherty
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Chapter 21
Newcastle Disease

Synonyms
ND, paramyxovirus-1, NDV, VVND, NVND

Newcastle Disease (ND) in domestic poultry is a focus for
concern throughout much of the world’s agricultural com-
munity because of severe economic lossesthat have occurred
from illness, death, and reduced egg production following
infection with pathogenic or disease causing strains. Prior to
1990, this disease had rarely been reported as a cause of
mortality in the free-living native birds of the United States
or Canada. Repeated large-scale losses of double-crested
cormorants from ND in both countries has resulted in aneed
for enhanced awareness of ND as a disease of wild birds
and, therefore, itsinclusion within thisManual. Background
information about ND in poultry is needed to provide a per-
spective for understanding the complexity of the disease
agent, Newcastle disease virus (NDV). Some general infor-
mation about ND in other avian speciesisalso provided, but
the primary focus for this chapter is the effect of NDV on
double-crested cormorants.

Cause

Newcastle disease is caused by infection with an RNA
viruswithin the avian paramyxovirus-1 group. NDV ishighly
contagious and there is great variation in the severity of dis-
ease caused by different strains of thisvirus. A classification
system for the severity of disease has been established to
guide disease control efforts in poultry because of the eco-
nomic damage of ND.

The most virulent ND form causes an acute, lethal infec-
tion of chickens of all ages with mortality in affected flocks
often reaching 100 percent. These strains produce hemor-
rhagic lesions of the digestivetract, thusresulting in the dis-
ease being referred to as viscerotropic or having an affinity
for abdominal tissue, and velogenic or highly virulent New-
castlediseaseor VVND. Thisform of ND israreinthe United
States, and it is primarily introduced when exotic species of
birds are trafficked in the pet bird industry. Another acute,
generally lethal infection of chickens of all ages affects res-
piratory and neurologic tissues and is referred to as neuro-
tropic velogenic Newcastle disease or NVND. Morbidity or
illness from NVND may affect 100 percent of a flock, but
mortality is generally far lesswith extremes of 50 percent in
adult birds and 90 percent in young chickens. The NVND
form of ND was essentially eradicated from the United States
in about 1970, but it has occasionally been reintroduced via
pet birds and by other means. A |ess pathogenic form of ND

causes neurologic signs, but usually only young birds die
and, except for very young susceptible chicks, mortality is
low. These strains are classified as mesogenic or moderately
virulent. NDV strains that cause mild or inapparent respira-
tory infectionsin chickensare classified aslentogenic or low
virulence. Lentogenic strains do not usually cause diseasein
adult chickens, but these forms can cause seriousrespiratory
diseasein young birds. Somestrains of lentogenic NDV cause
asymptomatic-enteric infections without visible disease
(Table 21.1).

Thevirus classification standard appliesto ND in poultry
and the standard is not directly transferrable to wild birds.
Experimental studies have demonstrated differencesin bird
response to the same strain of NDV. Thus, a highly patho-
genic strain isolated from wild birds may be less hazardous
for poultry and vice-versa. ND may be transmitted among
birds by either inhalation of contaminated particul ate matter
or ingestion of contaminated material.

Species Affected

NDV is capable of infecting awide variety of avian spe-
cies. In addition to poultry, more than 230 speciesfrom more
than one-half of the 50 orders of birds have been found to be
susceptible to natural or experimental infections with avian
paramyxoviruses. Experimental infectionsin mallard ducks
exposed to large amounts of a highly virulent form of NDV
for chickens disclosed that ducklings were more susceptible
than adults, and that mortality of 6-day-old ducklings was
higher than in 1-day-old and 3-day-old ducklings. Captive-
reared gamebirds, such as pheasants and Hungarian partridge,
have died of ND. However, large-scaleillness and death from
NDV infree-ranging wild birds has only occurred in double-
crested cormorants in Canada and the United States. White
pelicans, ring-billed gulls, and California gulls were also
reported to have died from NDV in association with cormo-
rant mortalities in Canada.

The 1990 epizootic of ND in Canada killed more than
10,000 hirds, mostly double-crested cormorants. Mostly sub-
adult cormorants died in these cormorant colonies. Losses
in the United States have been primarily in nestlings and
other young of the year. Thetotal mortality attributed to ND
during 1992 exceeded 20,000 birds. Mortality in Great Lakes
cormorant colonies ranged from 2 to 30 percent, while that
in Midwestern colonies was estimated to be 80 to 90 per-
cent. In 1997, nesting failure of a cormorant colony at the
Salton Sea in California was attributed to NDV. The total
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mortality in 1997 was about 2,000 cormorants. During the
1992 epizootic, a domestic turkey flock in the Midwestern
United States was infected at the same time NDV occurred
in cormorants near that poultry flock.

Distribution

Different strains of NDV exist as infections of domestic
poultry and within other species of birds throughout much
of theworld. Highly pathogenic strains of NDV have spread
throughout the world via three panzootics or global epizoot-
icssince ND first appeared in 1926. Thefirst of these highly
pathogenic strains appears to have arisen in Southeast Asia;
it took more than 30 years to spread to chickens worldwide,
and it was primarily spread through infected poultry, domestic
birds, and products from these species. The virus respon-
sible for the second panzootic involving poultry appears to
have arisen in the Middle East in the late 1960s; it reached

most countries by 1973, and it was associated with the im-
portation and movement of caged psittacine species. The most
recent panzootic also appearsto haveitsorigininthe Middle
East, and it began in the late 1970s. This panzootic differsin
that pigeons and doves kept by bird fanciers and raised for
food aretheprimary speciesinvolved. ThisNDV spread world-
wide primarily through contact between birds at pigeon races,
bird shows, and through international trade in these species.
It has spread to chickensin some countries. A current ques-
tion is whether or not the ND outbreaks that have occurred
in double-crested cormorants are the beginning of a fourth
panzootic.

In North America, NDV has caused disease in double-
crested cormorants from Quebec to the West Coast (Fig.
21.1). Most cormorant mortality has occurred in the Upper
Midwest and the Canadian prairie provinces, although smaller
outbreaks have occurred at Great Salt Lake, in southern Cali-

Table 21.1 Disease impacts on chickens resulting from exposure to different
strains of Newcastle disease virus. [Pathotype refers to the severity of disease in
susceptible, immunologically naive chickens. Velogenic is the most severe;
lentogenic is the least severe.]

Pathotype

Disease impacts

Velogenic

Viscerotrophic velogenic

ND (VVND)

Neurotrophic velogenic

ND (NVND)

Mesogenic

Lentogenic

Asymptomatic lentogenic

Acutely lethal, Kills chickens of all
ages, often with lesions in the digestive
tract. Flock mortality approaches 100
percent.

Acutely lethal, kills chickens of all

ages, often with signs of neurological
disease. Flock mortality approaches 50
percent in adults and 90 percent in young
birds. Sharp decrease in egg production.

Moderate infection rates as indicated by
clinical signs. Mortality generally only

in young birds, but for very young chicks
the death rate is low. Sharp and
persistent decrease in egg production by
adults.

Mild or inapparent respiratory infections
occur. Disease seldom seen in adults, but
serious illness (generally nonlethal) can
occur in young chickens.

Infects the intestine but causes no
forms of visible disease in chickens of any
age.
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fornia, and on the Columbia River between Washington and
Oregon. Cormorants, the closely related shag, and gannets,
which are another species of marine bird that has close asso-
ciations with cormorants, were believed to be an important
source of NDV for the poultry outbreaks along the coast of
Britain during the 1949-51 epizootic in that country.

Seasonality

All of the North American cormorant die-offs from ND
have occurred in breeding colonies. Mortality has occurred
during the months of March through September.

Field Signs

Clinical signs, observed only in sick juvenile double-
crested cormorants, includetorticollisor twisting of the head
and neck, ataxia or lack of muscular coordination, tremors,
paresis or incomplete paralysisincluding unilateral or bilat-

eral weakness of the legs and wings, and clenched toes (Fig.
21.2). Paralysis of one wing is commonly observed in birds
surviving NVD infection at the Salton Sea in southern Cali-
fornia (Fig. 21.3).

Experimental inoculations in adult mallard ducks with a
highly virulent form of NDV from chickens resulted in onset
of clinical signs 2 days after inoculation. Initially, mallards
would lie on their sternum with their legs slightly extended
to the side. As the disease progressed, they were unable to
rise when approached and they laid on their sides and exhib-
ited a swimming motion with both legs in vain attempts to
escape. Breathing in these birds was both rapid and deep.
Other mallardswere unableto hold their heads erect. By day
4, torticollis and wing droop began to appear, followed by
paralysis of one or both legs (Fig. 21.4). Muscular tremors
also became increasingly noticeable at thistime.

EXPLANATION

« Sites of mortality in double-
crested cormorants caused
by Newcastle disease in
North America

Figure 21.1 Locations in North America where Newcastle disease has caused

mortality in double-crested cormorants.
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Photo by Greg Kidd

Figure 21.3 A double-crested cormorant fleeing from ob-
servers during the Newcastle disease outbreak at the Salton
Sea, California. Note that only the right wing is functional. This
bird is typical of juvenile birds surviving infection. The same
condition was also observed in adults prior to the breeding
season; these birds were presumably survivors from a previ-
ous Newcastle disease outbreak.
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Figure 21.2 Clinical signs of New-
castle disease in cormorants include (A)
torticollis or twisting of head and neck
in these two nestlings, and (B) wing
droop and abnormal posture in this
Subadult.

Photo by Linda Glaser

Gross Lesions

Dead cormorants examined at necropsy have had only
nonspecific lesions. Mildly enlarged livers and spleens and
mottled spleens have been noted, but these may be the result
of other concurrent diseases, such as salmonellosis.

Diagnosis

Virus isolation and identification, supported by charac-
teristic microscopic lesions in tissues, is hecessary to diag-
nose ND as the cause of illness or death. Whole carcasses
should be submitted, and the samples should be representa-
tive of all speciesand age-classes affected. Clinically ill birds
should be collected, euthanized by acceptable methods (see
Chapter 5, Euthanasia), and, if possible, a blood sample
should be collected from euthanized birds and the sera sub-
mitted with the specimens. Contact with the diagnostic |abo-
ratory is recommended to obtain specific instructions on
specimen collection, handling, and shipment. A good field
history describing field observations is of great value (see
Chapter 1) and should be included with the submission.

Control

An outbreak of ND is a serious event requiring immedi-
ate involvement of disease control specialists. NDV infec-
tions can be devastating for the domestic poultry industry
and an immediate objective in the diagnosisis to determine
if the strain of virus involved poses a high risk for poultry.
As soon as ND is suspected, strict biosecurity procedures
should be followed to contain the outbreak as much as pos-
sible and to prevent disease from spreading to other sites.
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Figure 21.4 Clinical signs of Newcastle disease in adult mal-
lards that were experimentally infected with a velogenic form
of NDV: (A) leg paralysis and inability of two of the birds to
hold their heads erect, (B) torticollis, and (C) wing droop.

Large amounts of virus are often shed in the excrement of
infected birds and these can contaminate the surrounding
environment. Also, NDV isrelatively heat-stable and, under
the right conditions, it can remain infectiousin a carcass for
weeks.

The spread of ND in poultry epizootics has occurred via
several meansincluding human movement of live birds such
as pet or exotic species or both, gamebirds, poultry and other
types of birds; other animals; movement of people and equip-
ment; movement of poultry products; airborne spread; con-
taminated poultry feed; water; and vaccines. Humans and
their equipment have had the greatest role because contami-
nated surfaces provide mechanical transportation for the vi-
rus to new locations and to susceptible bird populations.

The critical points are to recognize the outbreak site as a
contaminated area, regardless of whether or not poultry or
wild birds areinvolved, to be sensitive to the wide variety of
ways that NDV can be moved from that site, and to take all
reasonable steps to combat the disease and minimize its
spread to other sites and to additional birds at that site.

Control efforts can become complicated by wildlife reha-
bilitation interests, the presence of strains of NDV that are
highly virulent for domestic poultry, and the proximity of
the wildlife involved to domestic poultry operations. Col-
laborationinvolving all concerned partiesisessentia inthese
situations.

Human Health Considerations

NDV is capable of causing a self-limiting conjunctivitis
or inflammation of the membrane covering the eyeball and a
mild flu-like disease in humans. Most reported cases in hu-
mans have occurred among poultry slaughterhouse workers,
laboratory personnel, and vaccinators applying live virus
vaccines. Aerosols, rather than direct contact, are most often
involved as the route for transmission to humans.

Douglas E. Docherty and Milton Friend
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Chapter 22
Avian Influenza

Synonyms

Fowl pest, fowl plague, avian influenza A.

Wild birds, especially waterfowl and shorebirds, have long
been afocus for concern by the poultry industry as a source
for influenza infections in poultry. Human health concerns
have also been raised. For these reasons, this chapter has
been included to provide natural resource managers with
basic information about avian influenza viruses.

Cause

Avian influenza is usually an inapparent or nonclinical
viral infection of wild birds that is caused by a group of
viruses known astypeA influenzas. These viruses are main-
tained inwild birds by fecal-oral routes of transmission. This
virus changesrapidly in nature by mixing of itsgenetic com-
ponents to form slightly different virus subtypes. Avian in-
fluenza is caused by this collection of dlightly different
viruses rather than by asingle virustype. The virus subtypes
are identified and classified on the basis of two broad types
of antigens, hemagglutinan (H) and neuraminidase (N); 15H
and 9 N antigens have been identified among all of theknown
type A influenzas.

Different combinations of the two antigens appear more
freguently in some groups of birdsthan others. In waterfowl,
for example, all 9 of the neuraminidase subtypes and 14 of
the 15 hemaggl utinin subtypes have been found, and H6 and
H3 are the predominant subtypes. In shorebirds and gulls,
10 different hemagglutinin subtypes and 8 neuraminidase
subtypes have been found. Many of the antigenic combina-
tions of subtypes are unique to shorebirds. H9 and H13 are
the predominate subtypes. Moreinfluenzavirusesfrom shore-
birds infect waterfowl than chickens. Hemagglutinin sub-
types H5 and H7 are associated with virulence or the ability
to cause severeillness and mortality in chickens and turkeys.
However, two viruses with the same subtype antigens can
vary in virulence for domestic birds.

Species Affected

Avian influenza viruses have been found in many bird
species, but are most often found in migratory waterfowl,
especially the mallard duck (Fig. 22.1). However, the only
mortality event known in wild birds killed common ternsin
South Africain 1961. Thiswasthefirst influenzavirusfrom
marine birds and it was classified as subtype H5N3. Other
wild birdsyielding influenzavirusesinclude various species
of shorebirds, gulls, quail, pheasants, and ratites (ostrich and
rhea). Experimental infections of domestic birdswith viruses

Frequent

Common

Occasional

Rare or unknown

Waterfowl ‘
oM __/M_

Shorebirds

Gulls and terns

Marine birds F

Upland gamebirds

Ratites S

Cranes

Songbirds

Raptors ‘

Figure 22.1 Relative occurrence of avian influ-
enza virus in various bird groups.
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Pacific Flyway Central Flyway

Figure 22.2 General migratory pathways followed by North American waterfowl. Species shown are typical of these flyways
(Modified from Hawkins and others, 1984).
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from wildlife do not cause mortality. Likewise, virulent
viruses or viruses that cause disease in domestic fowl do not
cause mortality in wild waterfowl.

Distribution

Although influenza tends to be most commonly detected
in birds that use the major waterfowl flyways, these viruses
are found throughout North America and around the world.
The majority of North American waterfowl migration takes
place within four broad geographic areas (Fig 22.2). Many
species other than waterfowl follow these same migratory
pathways from their breeding grounds to the wintering
grounds and return to the breeding grounds. The virus sub-
type that are found in birds in adjacent flyways will differ,
especially if the birds from each flyway do not mix during
migration. In any given year the percentage of waterfowl and
shorebirds carrying influenza viruses will vary by flyway.
Likewise, the percentage of birds carrying virus in an fly-
way will vary in consecutive years. The virus subtype found
in birds that use aflyway are rarely the same in consecutive
years.

Seasonality

Influenza virus has been found in wild birds throughout
the year, but waterfowl are the only group in which these
viruses are found year round (Fig. 22.3). The highest occur-
rence of infection is in the late summer months in juvenile
waterfowl when they assemble for their first southward mi-
gration. The number of infected waterfowl decreasesin the
fall asbirds migratetoward their southern wintering grounds
and is lowest in the spring, when only one bird in 400 is
infected during the return migration to the north. In contrast,
the number of hirdsinfected ishighest in shorebirds (prima-
rily ruddy turnstone) and gulls (herring) during spring (May
and June). Infection in shorebirdsis also high in September
and October. Influenzaviruses have not been found in shore-
bird and gull populations during other months of the year.
Influenza viruses have been found in marine birds such as
murres, Kittiwakes, and puffins while they have been nest-
ing, but the pelagic habits of these species preclude sam-
pling during other periods of the year.

Field Signs

In domestic birds, the signs of disease are not diagnostic
becausethey are highly variable and they depend onthestrain
of virus, bird speciesinvolved, and avariety of other factors
including age and sex. Signs of disease may appear as respi-
ratory, enteric, or reproductive abnormalities. Included are
such nonspecific manifestations as decreased activity, food
consumption, and egg production; ruffled feathers; cough-
ing and sneezing; diarrhea; and even nervous disorders, such
as tremors. Observable signs of illness have not been de-
scribed for wild birds. In domestic chickens and turkeys,
certain virus subtypes like H5N2 and H7N7, respectively,

are usually highly virulent and may cause up to 100 percent
mortality in infected flocks. Another major impact of influ-
enzaviruses in domestic birds is decreased egg production.
Too little is known about the impact of influenza viruses on
the reproductive performance of wild birdsto assesswhether
or not they are affected in the same manner as poultry.

Gross Lesions

Avian influenza virus infection in wild birds is not indi-
cated by gross lesions. Common terns that died in South
Africadid not have gross lesions, but afew birds had micro-
scopic evidence of meningoencephalitis or inflammation of
the membrane that covers the brain. These lesions were not
reproducible during experiments. Mallards experimentally
infected with a virulent influenza virus developed discrete
purple areas of lung firmness and cloudy lung coverings.
However, virulent viruses are rarely found in wild birds, and
these lesions may not appear in natural infections.

Frequent

Common

Occasional

Rare or unknown

Primary Species

WATERFOWL
(Mallard duck)

Spring

Summer
Fall

Winter
SHOREBIRDS
(Ruddy turnstone)
Spring
Summer
Fall N
Winter

MARINE BIRDS
(Common tern or murre)

Spring
Summer
Fall
Winter

UPLAND GAMEBIRDS
(Pheasant)

Spring
Summer
Fall
Winter

Figure 22.3 Relative seasonal occurrence
of influenza A in birds.
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Diagnosis

Infected birds are detected by virus isolation from cloa-
cal swabsin embryonated chicken eggs, and by serological
testing of blood for antibody. The last test indicates that a
bird was exposed to these viruses rather than if it isinfected
or carries the disease. Reference antisera to all of the sub-
type antigen combinations are used to determine the identity
of the virus; however, the virulence of avirus cannot be de-
termined by the antigenic subtype. Virulent and avirulent
strains of the same subtype can circulate in nature. Labora-
tory and animal inoculation tests are required to establish
the virulence of strains based on an index established for
domestic birds.

Control

Avianinfluenzavirusesin wild birds cannot be effectively
controlled because of thelarge number of virus subtypesand
the high frequency of virus genetic mixing resulting in new
virus subtypes. Also, virus has been recovered from water
and fecal materia in areas of high waterfowl use. During
experiments, influenza virus was recovered from infected
waterfowl fecal material for 8 days and from fecal contami-
nated river water for 4 days when both were held at 22 °C.
Poultry manure is aprimary residual source of virus for do-
mestic flocks. The virus has been recovered from poultry
houses more than 100 days after flock depopulation for mar-
kets.

In the domestic bird industry, preventing the entry of the
virus into poultry flocks is the first line of defense. Killed
vaccines are selectively used to combat less virulent forms
of this disease. Antibody present in the blood of recovered
and vaccinated birds preventsvirustransmission. Therefore,
these birds pose little risk to other birds. Flocks are gener-
ally killed when they are infected with highly virulent
Viruses.

In the past, the poultry industry and the wildlife conser-
vation community have been in conflict regarding wildlife
refuge devel opment and other waterbird habitat projects. The
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Figure 22.4  Global cycle
of avian influenza viruses in
animals.

Humans

fear that waterbirds are a source of influenza viruses for in-
fection of poultry has resulted in strong industry opposition
that has negatively impacted some projects. Thisissue should
be considered when land use near wetlands is planned and
when wildlife managers plan for development for wildlife
areas. Open communication during project development and
sound plansthat are devel oped in acollaborative manner may
help industry and conservation groups avoid confrontation
and support each others’ interests.

Human Health Considerations

Although this group of virusesincludes human influenza
viruses, the strains that infect wild birds do not infect hu-
mans. It is believed that waterfowl and shorebirds maintain
separate reservoirs of viral gene poolsfrom which new virus
subtypes emerge. These gene pools spill over into other ani-
mals (mammals) and may eventually cause a new pandemic
(Fig. 22.4).

Wallace Hansen
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Chapter 23
Woodcock Reovirus

Synonyms

None

This chapter provides information on a recently identified
disease of the American woodcock. Little is known about
the disease or the virus that causesit. It hasbeenincluded in
this Manual to enhance awareness that such a disease exists
and to stimulate additional interest in further investigations
to define the importance of woodcock reovirus. Moreinfor-
mation about this disease is needed because it is not known
whether or not this virusis afactor in the decline of wood-
cock populations within the United States.

Cause

Thefirst virusisolated from the American woodcock isa
reovirusthat was found during woodcock die-offsduring the
winters of 1989-90 and 1993-94. Avian reovirus infections
have been associated with numerous disease conditions in-
cluding viral arthritis/tenosynovitis or inflammation of the
tendon sheath; growth retardation; pericarditis or inflamma-
tion of the sac surrounding the heart; myocarditis or inflam-
mation of the heart muscle; hydropericardium or abnormal
accumulation of fluid in the pericardium; enteritisor inflam-
mation of theintestine; hepatitisor inflammation of theliver;

bursal and thymic atrophy or wasting away; osteoporosis or
rarefaction of the bone; and respiratory syndromes. Thein-
fectionsare generally systemic, transmitted by the fecal-oral
route, and are often associated with nutritional factors or
concurrent infections with other agents.

Species Affected

American woodcock are the only species known to be
infected with this particular reovirus. Investigations have not
been conducted to determine whether or not other species
are susceptible to infection, which species are not suscep-
tible, and which species become diseased.

Distribution

The virus was isolated from woodcock that were found
dead at the Eastern Shore of Virginia National Wildlife Ref-
uge (Fig. 23.1). To determine the prevalence of woodcock
reovirusinthe eastern and central regionsof the United States,
virus isolation was attempted from woodcock samples col-
lected from the breeding and wintering populationsin 1990—
92 (Fig. 23.1). No viruses were isolated from 481 tissue
samples or 305 cloacal swabs that were obtained from live-
trapped and hunter-killed woodcock.

EXPLANATION
@ Site of woodcock mortality
from reovirus infection

® Site where woodcock tested
negative to reovirus expo-

Figure 23.1 Site of woodcock mortality from reovirus infection and field sampling
sites where other woodcock were tested and found to be negative for exposure to

this disease.
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Seasonality

Both die-offs occurred during the winter months. Noth-
ing more is known about the seasonality of this disease.

Field Signs

Sick woodcock have not been observed. Therefore, field
signs are unknown.

Gross Lesions

Most of the birdsfound dead were emaciated. Little or no
food wasfound in their digestive tracts, and no obvious gross
lesions were noted upon necropsy of the carcasses. Healthy
“control” woodcock collected during the same time did not
yield virus.

Diagnosis

Diagnosis requires|aboratory isolation and identification
of the causative virus. Winter concentrations of woodcock
should be monitored and carcasses picked up and submitted
for diagnosis. Whole carcasses of woodcock found dead
should be shipped to a diagnostic laboratory where patho-
logical assessments and virus isolation can be made (see
Chapter 3, on Specimen Shipment). Although the virus has
been isolated from a variety of tissues including intestine,
brain, cloacal swab, heart, and lung, the majority of isolates
were obtained from intestines and cloacal swabs. These find-
ings suggest that a fecal-oral route of transmission is likely.

Control

Field carcasses not needed for diagnostic study should be
collected for disposal to minimize environmental contami-
nation. Too little is known about this disease to recommend
response actions.

Human Health Considerations
There are no known human health considerations.

Douglas E. Docherty

Supplementary Reading

Docherty, D.E., Converse, K.A., Hansen, W.R., and Norman,
G.W., 1994, American woodcock (Scolopax minor) mortality
associated with areovirus: Avian Diseases, v. 38, p. 899-904.
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Section 5
Parasites and

Parasitic Diseases

Hemosporidiosis
Trichomoniasis
Intestinal Coccidiosis
Renal Coccidiosis
Sarcocystis
Eustrongylidosis
Tracheal Worms
Heartworm of Swans and Geese
Gizzard Worms
Acanthocephaliasis
Nasal Leeches

Miscellaneous Parasitic Diseases

Stained blood smear from a turkey infected with the parasite Haemoproteus
meleagridis

Photo by Carter Atkinson




Introduction to Parasitic Diseases

“Parasites form a large proportion of the diversity of life on earth.”

(Price)

Parasitism is an intimate relationship between two different
species in which one (parasite) uses the other (host) as its
environment from which it derives nourishment. Parasites
are a highly diverse group of organisms that have evolved
different strategies for infecting their hosts. Some, such as
lice and ticks, are found on the external parts of the body
(ectoparasites), but most are found internally (endoparasites).
Some are microscopic, such as the blood protozoans that
cause avian malaria; however, many are macroscopic. Life
cycles differ greatly between major types of parasites and
aregenerally classified asdirect or indirect (Table 1). Direct
life cycles do not require an intermediate host (Fig. 1A). For
direct life cycles, only adefinitive host is required: the spe-
cies in which the parasite reaches sexual maturity and pro-
duces progeny. Indirect life cycles may involve one or more
intermediate hosts (Fig. 1B and C). Intermediate hosts are
required by the parasite for completion of its life cycle be-
cause of the morphological and physiological changes that
usually take place in the parasite within those hosts. Wild
birds can serve as the definitive hosts for most of the para-
sitesthat are discussed in the following chapters. In addition,
paratenic or transport hosts are present in some parasite life
cycles. The parasites generally do not undergo devel opment
in paratenic hosts. Instead, paratenic hosts provide both an
ecological and tempora (time) bridgefor the parasite to move
through the environment and infect the definitive host. Typi-
cally, in these situations one or more intermediate hosts are

Quote from:

Price, PW., 1980, Evolutionary biology of parasites: Princeton
University Press, Princeton, NJ, p. 3.
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required for development of the parasite but they are not fed
upon by the bird. Instead, the bird feeds on the paratenic
hosts, which in turn have fed on the intermediate host(s),
thereby, “transporting” the parasite to the bird (Fig. 2).

The presence of parasites in birds and other animals is
therule, rather than the exception. Hundreds of parasite spe-
cies have been identified from free-ranging wild birds; how-
ever, the presence of parasites does not necessarily equate
with disease. Most of the parasitesidentified fromwild birds
cause no clinical disease. Others cause varying levels of dis-
ease, including death in the most severe cases. The pathoge-
nicity or the ability to cause disease, of different species of
parasites varies with 1) the species of host invaded (infected
or infested), 2) the number or burden of parasitesin or onthe
host, and 3) internal factors impacting host response. For
example, when birds are in poor nutritional condition, have
concurrent infections from other disease agents (including
other species of parasites), or are subject to other types of
stress, some parasites that do not normally cause disease do
cause disease. Lethal infections may result from parasites
that generally only cause mild disease.

This section highlights some of the parasitic diseases such
as trichomoniasis that are associated with major mortality
events in free-ranging wild birds and those that because of
the gross lesions they cause (Sarcocystis sp.), their visibility
(nasal leeches), or general interest (heartworm) are often the
subject of questions asked of wildlife disease speciaists.



Table 1 General characteristics of major groups of internal parasites (endoparasites) of free-ranging birds.

Type of parasite Common name  Type of life cycle

Characteristics

Nematodes Roundworms Indirect and direct
Cestodes Tapeworms Indirect
Trematodes Flukes Indirect
Acanthocephalans  Thorny-headed Indirect
worms
Protozoans Coccidians, Direct and
malarias, indirect
trichomonads,
others

Most significant group relative to number of species
infecting birds and to severity of infections.

Unsegmented cylindrical worms.
Found throughout the body.
Generally four larval stages.

Sexes are separate.

Most are large in size (macroscopic).

Flattened, usually segmented worms with a distinct
head, neck and body.

Found primarily in the lumen of the intestines.

Lack a mouth or an alimentary canal; feed by absorbing
nutrients from the host’s intestinal tract.

Most are hermaphroditic (self-fertilization; have both male
and female reproductive tissues).

Attachment is by suckers, hooks.
Large size (macroscopic).

Flatworms, generally leaf-shaped (some almost cylindrical).

Generally found in the lower alimentary tract, respiratory tract,
liver, and kidneys.

Complex life cycles; usually require two intermediate hosts,
one of which is usually a snail.

Hermaphroditic except for blood flukes, which have
separate sexes.

Attachment is usually by suckers.

Cylindrical, unsegmented worms.
Found in the digestive tract.

No intestinal tract; nutrients absorbed through the tegument
(similar to tapeworms).

Sexes are separate.

Attachment by means of a retractable proboscis that has
sharp recurved hooks or spines.

Microscopic.
Different types are found in different parts of the body.
Asexual and sexual multiplication.
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Figure 2  Hypothetical parasite life cycle illustrating the role of paratenic (transport) hosts.
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Chapter 24
Hemosporidiosis

Synonyms
Avian malaria

Cause

Hemosporidiaare microscopic, intracellular parasitic pro-
tozoansfound within the blood cellsand tissues of their avian
hosts. Three closely related genera, Plasmodium, Haemopro-
teus, and Leucocytozoon, are commonly found in wild birds.
Infectionsin highly susceptible species and age classes may
result in death.

Life Cycle

Hemosporidiaare transmitted from infected to uninfected
birdsby avariety of biting fliesthat serve as vectors, includ-
ing mosquitoes, black flies, ceratopogonid flies (biting
midges or sandflies) and louse flies (Fig. 24.1) (Table 24.1).
When present, infective stages of the parasites (sporozoites)
are found in the salivary glands of these biting flies. They
gain entry to thetissues and blood of anew host at the site of
the insect bite when these vectors either probe or lacerate
the skin to take ablood meal. Insect vectors frequently feed

A. Infected insect #1 bites bird #1

Infected insect #2 bites
a different bird

Oocysts rupture and
sporozoites invade
salivary gland

Figure 24.1 The complex
general life cycle of hemo-
sporidian parasites begins
with (A), an infected insect
biting a susceptible bird.
Separate infectious and de-
velopmental stages occur
in (B), the bird host, and
(C), the insect vectors.

the outer midgut

wall /

New vector
(insect #2)
feeds on bird
and becomes

Gametocytes mature,
undergo sexual
reproduction

in midgut
\ Oocysts become %
encapsulated on M

C. Stages within insect

Infective sporozoites
present in salivary glands
of infected insect vector.
Sporozoites gain

entry at site of bite
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infected
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mature into infectious
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Table 24.1 Avian hemosporidia parasites and their documented vectors.

Parasite Vector type Common name
Haemoproteus Ceratopogonidae Punkies, no-see-ums, sand flies
(Culicoides sp.)
Hippoboscidae Hippoboscid or louse flies
(Ornithomyia sp.)
Plasmodium Culicidae Mosquitoes
(Culex, Aedes sp.)
Leucocytozoon Simulidae Black flies

(Simulium sp.)

on exposed flesh around the eyes (Fig. 24.2), the beak, and
onthelegsand feet, although black flies, ceratopogonid flies,
and louse flies can crawl beneath the bird' s feathersto reach
the skin surface. Immediately after they infect abird, sporo-
zoites invade the tissues and reproduce for one or more gen-
erationsbefore they become merozoites. M erozoites penetrate
the red blood cells and become mature, infectious gameto-
cytes. The cycle is completed when the gametocytes in the
circulating blood cells of the host bird are ingested by an-
other blood-sucking insect, where they undergo both sexual
and asexual reproduction to produce large numbers of sporo-
zoites. These invade the salivary glands of the vector and are
transmitted to anew host bird during the vector’s next blood
meal.

Species Affected

The avian hemosporidia are cosmopolitan parasites of
birds, and they have been found in 68 percent of the more
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Figure 24.2 A Culex mosquito feeding on the unfeathered
area surrounding the eye of an apapane, a native Hawaiian
honeycreeper.

than 3,800 species of birds that have been examined. Mem-
bers of some avian families appear to be more susceptible
than others. For example, ducks, geese and swans are com-
monly infected with species of Haemoproteus, Leucocyto-
zoon, and Plasmodium, and more than 75 percent of water-
fowl speciesthat were examined were hosts for one or more
of these parasites. Wild turkeysin the eastern United States
are also commonly infected by these parasites. Pigeons and
doves have similar high rates of infection, but members of
other families, such as migratory shorebirds, are less fre-
guently parasitized.

Differencesinthe prevalence, geographic distribution, and
host range of hemosporidia are associated with habitat pref-
erences of the bird hosts, the abundance and feeding habits
within those habitats of suitable insect vectors, and innate
physiological differences that make some avian hosts more
susceptible than others. For example, some species of black
flies(Smuliumsp.) prefer to feed on waterfowl withinalim-

Photo by Jack Jeffrey, U.S. Fish and Wildlife Service



ited distance of the shoreline. Ducks and geese that spend
more of their timein this zone will be more likely to be ex-
posed to bites that carry infective stages of Leucocytozoon
simondi. Biting midges or no-see-ums (Culicoides sp.) that
transmit species of Haemoproteus are more active at dusk in
theforest canopy. Birdsthat roost here, for example, increase
their chances for being infected with this parasite. Finally,
some avian hosts are more susceptible to hemaosporidian para-
sites than others, but the physiological basis for thisis till
poorly understood.

Species of Plasmodium and Leucocytozoon are capable
of causing severe anemia, weight loss, and death in suscep-
tible birds. Young birds are more susceptibl e than adults, and
the most serious mortality generally occurs within the first
few weeks of hatching. This is also the time of year when
increasing temperatures favor the growth of the populations
of insect vectorsthat transmit hemosporidia. Major outbreaks
of L. simondi that caused high mortality in ducks and geese
in Michigan and subarctic Canada have been documented.
Species of Haemoproteus are generally believed to be less
pathogenic, with only scattered reports of natural mortality
inwild birds.

Penguins and native Hawaiian forest birds are highly sus-
ceptible to Plasmodiumrelictum, acommon parasite of song-
birds that is transmitted by Culex mosqguitoes. This parasite
causes high mortality in both captive and wild populations
of these hosts, and it isamajor factor in the decline of native
forest birds in the Hawaiian Islands.

Distribution

Species of Plasmodium, Haemoproteus, and Leucocyto-
zoon have been reported from most parts of the world with
the exception of Antarctica, where cold temperatures pre-
vent the occurrence of suitable insect vectors. Studies of the
distribution of hemosporidia in North America have shown
that areas of active transmission of the parasites coincide
with the geographic distribution of their vectors. Leuco-
cytozoon is most common in mountainous areas of Alaska
and the Pacific Northwest where abundant fast-moving
streams create suitable habitat for aquatic black fly larvae.
Species of Haemoproteus and Plasmodium are more evenly
distributed across the continent because their ceratopogonid
and mosquito vectors are less dependent on the presence of
flowing water for larval development. Migratory birds may
winter in habitats that lack suitable vectors; therefore, the
simple presence of infected birds may not be evidence that
the parasites are being transmitted to birds at the wintering
grounds.

Seasonality

Infections with Plasmodium, Haemoproteus, and Leuco-
cytozoon are seasonal because transmission depends upon
the availability of vector populations. In temperate North
America, most birds become infected with hemosporidia

during the spring when conditions for transmission become
optimal. Some of these conditions include the onset of
warmer weather; increases in vector populations; the reap-
pearance or relapse of chronic, low-level infectionsin adult
birds; and the hatching and fledging of susceptible,
nonimmune juvenile birds. In warmer parts of the United
States, these parasites may be transmitted at other times of
the year. In Hawaii, P. relictum in forest bird populations
may be transmitted throughout the year in warm low-eleva-
tion forests, but transmission is more seasonal at elevations
above 3,000 ft. where cool er winter temperatures limit mos-
quito populations.

Field Signs

Birds with acute infections of Plasmodium, Haemopro-
teus, and Leucocytozoon, may exhibit similar signs in the
field. Theseinclude emaciation, loss of appetite, listlessness,
difficulty in breathing, and weakness and lamenessin one or
both legs. Survivors devel op persistent, low-level infections
in the blood and tissues that stimulate immunity to reinfec-
tion. These survivors do not exhibit any signs of disease, but
they serve as reservoirs of infection, allowing the parasites
to survive droughts and cold winter weather when vector
populations have died off.

Gross Lesions

Gross lesions associated with acute infections include
enlargement of the liver and spleen (Fig. 24.3) and the ap-
pearance of thin and watery blood asaresult of infected blood
cells being destroyed and removed from circulation (Fig.
24.4). In Plasmodium and Haemoproteus infections, para-
sites within the red blood cells produce an insoluble black
pigment called hemozoin when they digest the host’s oxygen-
bearing, iron-laden red blood cell protein or hemoglobin. The
hemozoin is deposited extensively in the host’s spleen and
liver tissue as the host’s immune system responds to the in-
fection. In very heavy infections, the kidneys may also be
affected. These organs typically appear chocolate brown or
black at necropsy and they may be two or more times their
normal size (Fig. 24.3). Hemozoin pigment is not produced
in Leucocytozoon infections; therefore, organswill not be as
discolored and dark at necropsy, but they will still appear
enlarged. Some species of Haemoproteus form large, cyst-
like bodies in muscle tissue that superficially resemble tis-
sue cysts produced by species of Sarcocystis (Fig. 24.5).

Diagnosis

Definitive diagnosis of hemosporidian infections is de-
pendent on microscopi ¢ examination of astained blood smear
Or on an organ impression smear to detect the presence and
form of the parasites within the red blood cells (Figs. 24.6,
7, 8). Species of Leucocytozoon frequently produce dramatic
changes in the host’s cell structure (Fig. 24.6). Parasitized
red blood cells are often enlarged and elongated so that they
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Figure 24.3 Gross lesions caused by Plasmodium relictum in an apapane. Enlargement and discol-
oration of the (A), liver and (B), spleen are typical in acute infections when large numbers of parasites are
found in the circulating red blood cells.
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Figure 24.4 Thin and watery blood from an
apapane infected with Plasmodium relictum before
(left) and after (right) centrifugation. In uninfected
songbirds, approximately half of the blood volume is
occupied by red blood cells. Note that most of the
blood cells have been destroyed by the parasite
(right).

AFDFP 5 5
11-1-93% 11-1-93

Photo by Carter Atkinson, BRD-PIERC

B T

Wi
¥

Photo by Carter Atkinson, BRD-PIERC

=

Figure 24.5 Pectoral muscles of a turkey infected with Haemoproteus meleagridis. Note the white
streaks and bloody spots in the muscle tissue of this bird (arrows). The tissue stages of this hemosporidian
form large, cystlike bodies that may superficially resemble those caused by species of Sarcocystis.
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Figure 24.6 Stained blood smear from a turkey infected
with Leucocytozoon smithi. This parasite causes en-
largement and distortion of the infected blood cell. The
red blood cell nucleus (N) is divided in two halves that lay
on either side of the parasite (P). The membrane of the
infected cell is stretched into two hornlike points (arrows).

Figure 24.7 Stained blood smear from a turkey infected
with Haemoproteus meleagridis. Gametocytes (G) con-
tain a single pink-staining nucleus and contain black or
golden brown pigment granules (arrows).

Figure 24.8 Stained blood smear from an apapane in-
fected with Plasmodium relictum. Some red blood cells
contain multinucleated, asexually-reproducing stages of
the parasite called schizonts (S). These are diagnostic
for Plasmodium infections and contain one or more cen-
trally-located pigment granules (arrows).



form a pair of horn-like extensions from either end of the
cell. Species of Plasmodium and Haemoproteus produce
fewer changesin their host’s red blood cells, but these para-
sitesmay cause slight enlargement of infected host cellsand
displacement of the red blood cell nucleusto one side (Figs.
24.7, 8). Unlike Leucocytozoon, Plasmodium and Haemo-
proteus produce golden brown or black deposits of hemozoin
pigment in the parasite cell (Figs. 24.7, 8). Further differen-
tiation of Plasmodium from Haemoproteus may be difficult.
Diagnosis of a Plasmodium infection is dependent on de-
tecting the presence of asexually reproducing stages of its
life cycle (schizonts) in the red blood cells of the infected
host (Fig. 24.8).

Control

Control of the avian hemosporidia is dependent on re-
ducing transmission from infected birds to healthy birds
through reduction or elimination of vector populations. Many
of the same techniques that were developed for control of
vector-transmitted human diseases can be used effectively,
but few agencies have the resources or manpower to apply
them over large areas. Most techniques rely on habitat man-
agement to reduce vector breeding sites or depend on the
application of pesticidesthat affect larval or adult vectorsto
reduce vector populations. Large-scale treatment of infected
survivor birds could prevent disease outbreaks by reducing
sources of infection, but thelogistics and practicality of treat-
ing sufficient numbers of birds to interrupt transmission are
prohibitive. Although some experimental vaccines for these
parasites have been developed, none are currently available
for general use.

Human Health Considerations

The avian hemosporidiaare closely related to the malarial
parasites of humans, but are not capable of infecting people.

Carter T. Atkinson
Pacific Island Ecosystems Research Center
Kilauea Field Station
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Chapter 25
Trichomoniasis

Synonyms
Canker (doves and pigeons), frounce (raptors), avian
trichomoniasis

Cause

Avian trichomoniasis is caused by a single celled proto-
zoan, Trichomonasgallinae. Avirulent T. gallinae strains that
do not cause disease and highly virulent strains are found in
nature and circulate within bird populations. The factorsthat
make a strain virulent are not known, but they are thought to
be controlled genetically within the parasite. Similarly, the
reasonswhy an avirulent or avirulent form of the parasiteis
found within a bird population at any period of time also
remain unknown. Virulent strains of T. gallinae have caused
major mortality events or epizooticsin doves and pigeonsin

addition to less visible, chronic losses (Table 25.1). Infec-
tion typically involvesthe upper digestive tract of doves and
pigeons but other species have also beeninfected (Fig. 25.1).

Trichomoniasis in doves and pigeons, but not in other
species, is generally confined to young birds. The parasite
was introduced to the U.S. with the introduction of pigeons
and doves brought by European settlers. It has been reported
that 80 to 90 percent of adult pigeons are infected, but they
show no clinical signs of disease. It is speculated that most
of these birds becameimmune asaresult of exposureto aviru-
lent strains of the parasite or because they survived mild in-
fections. In pigeons and mourning doves, the parasites are
transmitted from the adults to the squabs in the pigeon milk
produced in the crop of the adult. Squabs usually become
infected with the first feeding of pigeon milk, which is gen-

Table 25.1 Examples of wild bird mortalities reported in the scientific literature due to trichomoniasis.

Year Magnitude Geographic area Comments

1949-51 Tens of thousands of Southeastern United Trichomoniasis broke out in

mourning doves States virtually all States in the
region; the magnitude of
losses focused attention on
the devastation that could be
caused by this disease and
stimulated research on the
ecology of this disease.

1950-51 25,000 to 50,000 Alabama Breeding birds were the focus

mourning doves each of infection; mortality was
year thought to have been grossly
underestimated.

1972 Several hundred Nebraska Railroad yards and a grain
elevator were focal points of
infection; birds fed on spilled
grain.

1985 Approximately 800 New Mexico Losses at birdfeeders near Las

mourning doves Cruces.

1988 At least 16,000 California First major epizootic of

band-tailed pigeons trichomoniasis in this species.

1991 Approximately 500 North Carolina —

mourning doves
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erally within minutes after hatching. The resulting infection
may range from asymptomatic or mild disease to a rapidly
fatal course resulting in death within 4-18 days after infec-
tion. Other modes for infection are through feed, perhaps
contaminated drinking water, and feeding on infected birds
(Fig. 25.2).

There is no cyst or resistant stage in the parasite’s life
cycle; therefore, infection must be passed directly from one
bird to another, in contaminated feed or water. Feed and water
are contaminated when trichomonads move from the mouth
of infected birds, not from their feces. Lesions in the mouth
or the esophagus or both of an infected bird (see below) of-
ten prevent the passage of ingested grain seeds and cause the
bird to regurgitate contaminated food items. Water becomes
contaminated by contact with the contaminated bill and
mouth. Pigeons that feed among domestic poultry are often
blamed for contaminating feed and water and passing the
disease to the poultry. Similar transmission has been associ-
ated with dove mortality at grain elevators and at birdfeed-
ers. Doves and pigeons cross-feed and bill during courtship,
and this behavior facilitates direct transmission as does the
consumption of infected birdsby raptors. It has been reported
that some moist grains can maintain viable T. gallinae for at
least 5 days and that parasite survival in water can range
from 20 minutes to several hours. These conditions are ad-
equate for disease transmission at birdfeeders and waterers
because of the gregarious habits of doves and pigeons.

Species Affected

Trichomoniasisis considered by many avian disease spe-
cialists to be the most important disease of mourning doves
in North America. Band-tailed pigeons have also suffered
large-scalelossesfrom trichomoniasis. Thisdisease hasbeen
reported as a cause of mortality in birds of prey for hundreds
of years prior to the causative organism being identified.
Songhirds are less commonly reported to be infected, but T.
gallinaeisreported to be the most important trichomonad of
caged hirds; it isoften responsibl e for epizootics among cap-
tive collections. Domestic turkeys and chickens al so become
infected.

Distribution

It is likely that T. gallinae is found wherever domestic
pigeons and mourning doves are found. Disease in free-
ranging wild birds is grossly underreported. Outbreaks at
birdfeeding stations and similar locations reported to the
National Wildlife Health Center have occurred from coast-
to-coast within the United States (Fig. 25.3).

Seasonality

Epizootics due to T. gallinae can happen yearround, but
most outbreaks have been reported during late spring, sum-
mer, and fall.
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Figure 25.1 Relative frequency of trichomoniasis in free-
ranging birds.

Field Signs

Because oral |esions often affect the ability of the bird to
feed, infected birds lose weight, appear listless, and stand
grouped together. These birds often appear ruffled. Caseous
or cheesy, yellowish lesions may be seen around the beak or
eyes of mourning doves and the face may appear “puffy”
and distended (Fig. 25.4). Severely infected pigeons may fall
over when they are forced to move.

Gross Lesions

The severity and appearance of lesions varies with the
virulence of the strain of the parasite, the stage of infection,
and the age of the bird. The most visiblelesions from mildly
pathogenic strains may simply appear as excess salivation
and inflammation of the mucosa or lining of the mouth and
throat. Early oral lesionsappear assmall, well defined, cream
to yellowish spots on the mucosal surface (Fig. 25.5A). As
the disease progressesthelesions become larger, thicker, and



Birds at birdfeeder

and birdbath

Billing/feeding courtship

Wild raptor catching or eating an
infected dove

Captive raptor being provided
infected dove or pigeon

Figure 25.2 Transmission of trichomoniasis.

Trichomoniasis 203



EXPLANATION
Trichomoniasis outbreak
sites, 1983-97*

e Outbreak site

* Outbreaks of trichomoniasis
involve doves and pigeons
with mortality ranging from
tens to hundreds.

Figure 25.3 Locations of outbreaks of trichomoniasis in free-ranging birds,
January 1983 through March 1997.
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Figure 25.4 Mourning doves at a backyard waterbath. Note the puffy appearance
(arrow) of the face of a T. gallinae infected dove.
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are caseous (consistency of cheese) in appearance (Fig.
25.5B). In more advanced lesions, awet, sticky type of dis-
charge and nodules within the mouth are characteristic of
acute disease. Hard, cheesy lesions are most often seen in
more chronic infections. Although lesions are generally con-
fined to the inside of the mouth and esophagus, they can
extend externally to the beak and eyes and be confused with
avian pox (see Chapter 19).

Early lesions of the pharynx to the crop are also cream to
yellow in color and caseous. Asthe disease progresses, these
lesions may spread to the esophagus (Fig. 25.5C), and can
eventually block its opening (Fig. 25.5D). A bird can suffo-
cateif theblockageis severe enough. A bird will starvewhen
these masses prevent it from swallowing food and water.
Theselarge, caseous masses may invadetheroof of the mouth
and sinuses (Fig. 25.5E) and even penetrate through the base
of the skull into the brain. Also, alarge amount of fluid may
accumulate in the crop of severely infected hirds. Lesions
may extend down the alimentary tract and the parasite may
invade the liver, particularly in domestic pigeons. Other or-
gans such as the lungs, occasionally become involved. The
digestive tract below the proventriculusisrarely involved.

Diagnosis

A tentative diagnosis can be made for doves and pigeons
on the basis of finding caseous, obstructive lesions within
the upper areas of the digestivetract. However, other disease
agents such as pox virus, Aspergillus sp. fungi, Candida sp.
yeasts, nematodes of the genus Capillaria, and vitamin A
deficiency can produce similar lesions. Diagnosis is estab-

Figure 25.5 Gross lesions of trichomoniasis in mourning
doves. (A) Small, cream-colored lesion on oral mucosa (arrow).
(B) Large, caseous lesions in back of mouth (arrow). (C) Large
lesion in upper esophagus (arrow). (D) Occlusion of esopha-
gus by a large, caseous lesion. (E) Lesions on the roof of the
mouth, in the region of the sinuses (arrow).

Photo by James Runningen

Photo by James Runningen Photo by James Runningen

Photo by J. Christian Franson

Photo by James Runningen
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lished by finding the trichomonadsin the salivaor smears of
the caseouslesions of infected birds. Specimensare best taken
from sick birds, or from recently dead birds that are kept
chilled and reach the diagnostic laboratory within 48 hours
after death. Samples of tissues with lesions preserved in 10
percent buffered formalin or frozen whole carcasses can be
used if fresh carcasses cannot be provided.

Control

The removal of infected birds is recommended for com-
bating trichomoniasis in poultry and captive pigeons and in
captive collections of wild birds. Thefocusin both instances
ison birdsthat harbor virulent strains of the parasite. Elimi-
nation of infection from adult birds by drug treatment has
also been recommended, but thisis not a practical approach
for wild birds. Prevention of the build-up of large concentra-
tions of doves at birdfeeders and artificial watering areasis
recommended to minimize disease transmission in thewild.
Stock tanks, livestock feedlots, grain storage facilities and
clusters of urban birdfeeders should be targeted for disease
prevention activities. Although the environmental persistence
for T. gallinae is rather limited, contaminated feed is sus-
pected asasignificant source of diseasetransmission. There-
fore, fresh feed should be placed in feeders daily, if it isprac-
tical. Platforms and other surfaces where feed may collect,
including the area under feeders, should be frequently de-
contaminated with 10 percent solution of household bleach
in water, preferably just prior to placing clean feed in the
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feeder. Pigeonsand dovesare high risk food sourcesfor birds
of prey; therefore, before they are fed to raptors, pigeons
and doves should be inspected first and found to be free of
trichomoniasis or other infectious diseases.

Human Health Considerations
None. T. gallinae has not been reported to infect humans.

Rebecca A. Cole

Supplementary Reading

Conti, J.A., 1993, Diseases, parasites, and contaminants, in
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Pokras, M.A., Wheeldon, E.B., and Sedgwick, C.J., 1993, Raptor
biomedicine, in Redig, P.T. and others, eds., Trichomoniasisin
owls: report on a number of clinical cases and a survey of the
literature: Minneapolis, Minn., University Minnesota Press,

p. 88-91.

Rupier, D.J., and W.M. Harmon, 1988, Prevalence of Trichomonas
gallinae in central Californiamourning doves: California Fish
and Game, V. 74, no. 4, p. 471-473.

Stabler, R.M., 1951, A survey of Colorado band-tailed Pigeons,
mourning doves, and wild common pigeons for Trichomonas
gallinae: Journal of Parasitology, v. 37, p. 471-473.



Chapter 26
Intestinal Coccidiosis

Synonyms
Coccidiosis, coccidiasis

Cause

Coccidia are a complex and diverse group of protozoan
(single-celled organisms) parasites; the coccidia group con-
tains many species, most of which do not cause clinical dis-
ease. |n birds, most disease-causing or pathogenic forms of
coccidiaparasites belong to the genus Eimeria. Coccidiausu-
ally invadetheintestinal tract, but someinvade other organs,
such asthe liver and kidney (see Chapter 27).

Clinical illness caused by infection with these parasitesis
referred to as coccidiosis, but their presence without disease
iscalled coccidiasis. In most cases, abird that isinfected by
coccidia will develop immunity from disease and it will
recover unless it is reinfected. The occurrence of disease
depends, in part, upon the number of host cells that are
destroyed by the juvenile form of the parasite, and this is
moderated by many factors. Severely infected birds may die
very quickly. Often, tissue damage to the bird’s intestine re-
sultsininterrupted feeding; disruption of digestive processes
or nutrient absorption; dehydration; anemia; and increased
susceptibility to other disease agents. In cranes, coccidiathat
normally inhabit the intestine sometimes becomewidely dis-
tributed throughout the body. The resulting disease, dissemi-
nated visceral coccidiosis (DVC) of cranes, is characterized
by nodules, or granulomas, on the surface of organs and tis-
sues that contain developmental stages of the parasite.

Collectively, coccidia are important parasites of domes-
tic animals, but, because each coccidia species has a prefer-
encefor parasitizing a particular bird species and because of
the self-limiting nature of most infections, coccidiosisin free-
ranging birds has not been of great concern. However, habi-
tat losses that concentrate bird populations and the increas-
ing numbers of captive-reared birdsthat arereleased into the
wild enhance the potential for problems with coccidiosis.

Life Cycle

Most intestinal coccidia have a complex but direct life
cycle in which the infective forms of the parasite invade a
single host animal for development to sexual maturity; the
life cycle is completed in 1-2 weeks (Fig. 26.1). A mature
female parasite in the intestine of an infected host bird pro-
duces noninfective, embryonated eggs or oocysts, which are
passed into the environment in the feces of the host bird. The
oocysts quickly develop into an infective form while they
arein the environment. An uninfected bird ingests the infec-
tive oocysts while it is eating or drinking, and the infective

Characteristics of Intestinal Coccidiosis

All domestic birds carry more than one species of coc-
cidia, and pureinfectionswith asingle speciesarerare.

Different coccidia species are usually found in a spe-
cificlocation within theintestinal tract of the host bird.

After initial exposureto the parasite, the host bird may
quickly develop immunity to it but immunity is not
absolute. A bird can be reinfected by the same or a
different species of the parasite.

Infections do not generally cause a problem of free-
ranging birds; instead, coccidiosisis considered adis-
ease of monoculture and of the raising of birdsin con-
finement.

oocysts invade the bird’s intestine. Within the intestine, the
oocysts may or may not undergo several stages of develop-
ment, depending on the parasite species, before they become
sexually mature male and femal e parasites. The complex life
cyclefor Eimeria (Fig. 26.2) illustrates the exponential rate
of infection and destruction of the intestinal epithelial cells,
which arethe cellsthat provide the covering of the intestinal
lining. The mature femal e parasites rel ease noninfective oo-
cysts to the environment, and, thus, the cycle begins anew.

Species Affected

Many animal species, including a wide variety of birds
(Table 26.1) may harbor coccidia. Although disease is not
common in free-ranging wild birds, several epizootics due
to E. aythyae have been reported among lesser scaup in the
United States. During those events, predominantly females
have died, which suggests that female lesser scaup may be
more susceptible to the disease than male lesser scaup. Le-
sionsof DV C werefirst seen in captive sandhill cranesin the
late 1970s. Since then, mortality of captive sandhill and
whooping cranes has been attributed to DV C, and the dis-
ease has been found in wild sandhill cranes, including the
endangered Mississippi sandhill crane.
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Distribution

Coccidiaarefound worldwide. Thefew reported outbreaks
of coccidiosisin free-ranging waterfowl have all occurredin
the Midwestern United States (Fig. 26.3). Recurrent epizoot-
ics have broken out at asinglereservoir in eastern Nebraska,
and coccidiosisis also believed to be the cause of waterfowl
die-offsin Wisconsin, North Dakota, Illinois, and lowa. DVC
has been found in migratory sandhill cranes at several loca
tions, and it is a recurring problem in the only free-ranging
population of the nonmigratory Mississippi sandhill crane.
Thesebirdsreside at the Mississippi Sandhill Crane National
Wildlife Refuge in Mississippi.

Seasonality

Birdsmay beinfected with coccidiaat any time. Although
little is known about the conditions that may lead to the de-

Parasite invades intestinal tissue

Susceptible bird ingests
infective oocysts while
feeding/drinking

velopment of clinical disease in wild birds, birds may be-
come diseased morefrequently during periodsof stress. Most
epizootics of intestinal coccidiosis in waterfow! in the Up-
per Midwest have broken out in early spring, during astress-
ful staging period of spring migration. Mississippi sandhill
cranesalso diefrom DV C most frequently during the spring.

Field Signs

Field signs for free-ranging wild birds have not been re-
ported. Nonspecific clinical signs reported for captive birds
include inactivity, anaemia, weight loss, general unthrifty
appearance, and a watery diarrhea that may be greenish or
bloody. Tremors, convulsions, and lameness are also occa
sionally seen. Rapid weight loss may lead to emaciation and
dehydration followed by death. Young birds that survive se-
vere infections may suffer retardation of growth.

Infected bird

Bird sheds noninfective
oocysts (eggs) with
feces into the environ-
ment

O
(@

B

B

QOocysts sporulate
within 48 hours and
become infective

Figure 26.1 Direct life cycle of Eimeria infection in birds.
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A. Noninfective parasite
oocysts (eggs) containing
a single cell referred to as
the sporont are passed via

feces into the environment.

Sporont

clC

Oocyst

B. Oocysts become infective
after 2 days in the environ-
ment at ordinary tempera-
tures through sporolation
(sporogony), which is a
developmental process
that results in the sporont
dividing and forming four
sporocysts each contain-
ing two infective sporo-
zoites.

Sporocysts

C. Infective oocysts are in-
gested by birds in conta-
minated feed, water, soil,
or other ingesta.

D. The oocyst wall breaks
within the gizzard of the
bird and releases the
sporocysts.

E. The sporozoites escape
from the sporocysts in the
small intestine and enter
the epithelial cells, which
are cells that line the inter-
nal and external surfaces
of the body of the intes-
tine.

F. The sporozoites develop
within the epithelial cells,
and asexual multiple fis-
sion results in the forma-
tion of first-generation
meronts, each of which
produces about 900 first-
generation merozoites.
Meront

“——"—=Epithelial cell

G. Merozoites break out of
the epithelial cells into the
intestinal canal about
2.5-3 days after infection.
The merozoites enter new
host cells and undergo
developmental processes
resulting in the formation
of second-generation mer-
onts. By dividing many
times, each of these mer-
onts produce about

————— First generation

200-350 second-genera-
tion merozoites that are
4-8 times larger in size
than the first-generation
merozoites and that are
produced about 5 days

after initial oocyst ingestion.

H. The cycle may continue
with a third generation of a
small number (4-30) of
merozoites of intermediate
size (between those of the
first and second genera-
tion). However, many of
the second-generation
merozoites enter new host
cells and begin the sexual
phase of the life cycle re-
ferred to as gamogony.

Second-

Second -
generation
meront

generation
merozoites

I. Most of the second-genera-
tion merozoites develop
into female gametes or
macrogamonts and some
become males or microga-
monts. The females grow
until they reach full size
while a large number of
tiny microgametes are
formed within each of the
microgamonts. The macro-
gamonts are fertilized by
the microgametes and new
oocysts result.

. Seven days after ingestion
of infected coccidia, the
oocysts break out of their
host cells and enter the in-
testinal canal to be passed
from the body via feces to
continue the cycle.

Figure 26.2 A typical life cycle of Eimeria sp. in birds. (Adapted from Eimeria tenella in chickens.)
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EXPLANATION

[ Intestinal coccidiosis outbreaks,
by State

Figure 26.3 Location of outbreaks of
intestinal coccidiosis in waterfowl.

Table 26.1 Relative occurrence of coccidia in different groups of birds. [Frequency of occurrence: e occasional, ® common,
— not reported]

Bird types Coccidia species
(and examples) Eimeriasp. Isosporasp. Tyzzeria sp. Cryptosporidiumsp.  Wenyonella sp.
Poultry ° — — ° —

(Chicken, turkey)

Anseriformes ° ° ° ° °
(Ducks, geese)

Charadriiformes ° — — - _
(Gulls, shorebirds)
Columbiformes ° — — — °

(Pigeons, doves)

Coraciiformes — ° — — _
(Kingfishers)
Falconiformes — ° — — _

(Hawks, falcons)

Galliformes ° ° — ° _
(Pheasant, quail)

Gruiformes ° — — — —
(Cranes, rails)

Passeriformes — ° — — _
(Songbirds)

Pelicaniiformes ° — — — _
(Pelicans)

Piciformes — ° — — —
(Woodpeckers)

Psittaciformes ° ° — ° —
(Parrots)

Strigiformes — ° — — _
(Owils)

Struthioniformes — ° — — _
(Ostriches)
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Gross Lesions

Thelocation of lesions varieswith the species of coccidia
and the severity and intensity of infection. In acutely-affected
lesser scaup, bloody inflammation or enteritisis commonly
seen in the upper small intestine (Fig. 26.4A). In scaup that
survive for longer periods, dry crusts form on the mucosal
(internal) surface of the intestinal tract. The severity of this
lesion decreases from the small intestine to the large intes-
tine (Fig. 26.4B). Chronic lesions of intestinal coccidiosis
take other forms in different species, sometimes appearing
asrather distinct light-colored areaswithin the intestinal wall
(Fig. 26.5).

Lesionsof DVC in cranestypically consist of small (usu-
ally less than 5 millimeters in diameter), raised, light-col-
ored granulomas. These nodules may be found on any sur-
face within the body cavity, but they are commonly seen on
the lining of the esophagus near the thoracic inlet area and
on the inner surface of the sternum (Fig. 26.6A—C). Light-
colored patches may also appear on and within organs such
asthe heart and liver (Fig. 26.7A, B).

Diagnosis

When large numbers of oocysts are found in the feces of
live birds concurrent with diarrhea, emaciation, and pallor
or pale skin color, coccidiosis should be suspected as the
cause of illness. However, adiagnosis of coccidiosisas cause
of death requires anecropsy eval uation combined with iden-
tification of the causative coccidia. Fecal evaluations are not
adequate for adiagnosis of coccidiosis because disease may
develop before large numbers of oocysts are present in feces
and because oocysts seen in the feces may not be those of
pathogenic species. As with other diagnostic evaluations,
submit chilled, whole carcasses for necropsy by qualified
specialists. When carcasses cannot be provided, remove in-
testinal tracts and submit them chilled. If submissions will
be delayed for several days or longer and carcasses cannot
be preserved by freezing, remove the entire intestinal tract
and preserve it in an adequate volume of neutral formalin
(see Chapter 3).

Control

Oocysts can rapidly build up in the environment when
birds are overcrowded and use an area for a prolonged pe-
riod of time. The disease risk increases significantly when
these conditions result in oocyst contamination of food and
drinking water. In captive situations, good husbandry and
sanitation, including continual removal of contaminated feed
and litter, can minimize the potential for coccidiosis. Cap-
tive birds can be treated with therapeutic agentsthat control,
but that do not eliminate, the level of infection. Therefore,
oocyst shedding by those birds after they are removed from
therapy should be considered if they are to be released or
mixed with other birds. Light infections result in a substan-
tial level of immunity to that species of coccidiaand are use-

Photos by J. Christian Franson

Figure 26.4 (A) Hemorrhage in the small intestine of a lesser
scaup with acute intestinal coccidiosis (upper part of photo),
compared with normal small intestine (lower part of photo).
(B) Dry; crust-like lesions in the intestinal tract of a lesser scaup
with chronic intestinal coccidiosis. The lesions are most se-
vere in the upper small intestine (top section in photo). The
severity decreases in lower parts of the intestine (middle and
bottom sections in photo).

\ CENT/METERS :

Photo by J. Christian Franson

Figure 26.5 Intestinal coccidiosis in a common eider from
Alaska, showing distinct light-colored areas within the wall of
the intestine.
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Figure 26.6 Gross lesions of dissemi-
nated visceral coccidiosis of cranes. (A)
Granulomas on the lining of the esopha-
gus (arrows); and (B) in the area of the
thoracic inlet [the tip of the forceps is
between granulomas on the surface of
a vessel and nerve (left) and on the thy-
roid gland (right)]; and (C) on the inside
surface of the sternum (arrow).

Photos by James Runningen
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ful in preventing epizooticsfrom this disease. Therefore, the
objective is not to completely eliminate infection with coc-
cidia; instead, the focus should be on preventing heavy
infections and the establishment and persistence of high
levels of environmental contamination with coccidia. For
free-ranging birds, flock dispersal may be warranted when
overcrowding continues for prolonged periods of time.

Human Health Considerations
None. Coccidia of birds are not infectious for humans.

Milton Friend and J. Christian Franson

*
¥

Photo by J. Christian Franson

Figure 26.7 Lesions of disseminated vis-
ceral coccidiosis also may include light
patches as seen here on the (A), surfaces
of the heart muscle and (B) on the liver
(arrows).

-
w
S

Photo by James Runningen
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Chapter 27
Renal Coccidiosis

Cause

Renal coccidiosis is caused by protozoa parasites that
infect the kidneys and associated tissues. Most of the coc-
cidiathat infect the tissues in birds are Eimeria sp. As with
most other parasitic infections, thisinfection is not synony-
mous with clinical or apparent disease. Asymptomatic in-
fections are far more common than those that are severe and
cause mortality.

F. The life cycle is continued by
infected birds shedding
[ oocysts into the environment

E. Heavily infected birds may
die due to kidney failure

D. Parasite reaches kidneys
and junction of ureters
where sexual reproduction -

Life Cycle

Typical Eimeria-type life cycles have an internal or en-
dogenous phase of development within the host. A bird
becomes a host when it feeds or drinks from a source that is
contaminated with oocysts (cystic, infectious stage) that have
become infectious following multiple fission of the sporont
(zygote) to form four sporocysts, each containing two infec-

A. Oocysts shed in

feces o O
) ©

Sporogony

Lo

Non-infectious ——
oocyst

Sporont

Sporocyst

Infectious Sporozoites

oocyst

B. Within 1-5 days, sporont
(zygote) present in oocyst
divides and forms four
sporocysts, each containing
two infective sporozoites

d t . .
produces oocysts C. Infective oocysts ingested by

birds feeding in a contaminated
environment

Figure 27.1 Life cycle of Eimeria truncata, which is one of the parasites that causes renal coccidiosis.
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tious sporozoites (sporogony) within each oocyst. The in-
fective sporozoites within the sporocysts of the oocysts in-
vade the bird's intestinal lining, where they may undergo
several developmental stages depending on the Eimeria spe-
cies. E. truncata, the most well known of the renal coccidia,
matures and reproduces only in the kidneysand in the cloaca
near its junction with the ureter (Fig. 27.1). It is not known
how the E. truncata sporozoites get from the intestine to the
kidneys; the sporozoites probably undergo asexual reproduc-
tion or multiple fission before they reach the kidneys. The

Types of birds

Waterfowl
Ducks

Geese

Swans

Fish-eating birds —

sexual phase of the E. truncatalife cycle, or gamogony, takes
placeinthekidneys, producing noninfectious oocystswhich
are voided with the host bird’s feces into the environment.
Sporulated oocysts are resistant to environmental extremes,
and their sporozoites can remain infectious for months.

The life cycles of the coccidia that cause renal coccidi-
osisare similar to those that causeintestinal coccidiosis (see
Chapter 26). However, less is known about the species of
Eimeria that cause rena coccidiosis than about those that
cause intestinal coccidiosis.

Species of coccidia

Eimeria boschadis, E. somatarie, E. sp.

4,

E. truncata, E. sp.

=
N

NI

E. christianseni

)!

\

Gulls ‘ E. wobeseri, E. goelandi, E. renicola
Cormorants ’ E. sp.
Loons E. graviae
Marine Birds
Puffins 1 E. fracterculae
Shearwaters j E. sp., unidentified coccidia
Land Birds
Owls ’ Unidentified coccidia
Woodcock ! Unidentified coccidia (in captive colony)

Figure 27.2 Reported occurrences of renal coccidia in wild birds.
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Species Affected

Avian coccidiosis was first reported in France. Canadian
investigators have reported that virtually all species of wild
ducksthey examined are susceptibleto renal coccidiosis. Dif-
ferent species of renal coccidia are found in different spe-
cies of birds (Fig. 27.2). Most reports of renal coccidiosis
are of asymptomatic birds or birds that show minor physi-
ological or pathological changes due to the parasite. Young
birds and those that have been stressed by various condi-
tions are most likely to have clinical cases of renal coccidi-
osis. Mortality has occurred in free-ranging wild geese,
eider ducklings, and double-crested cormorants. Disease in
domestic geeseisusually acute, lastsonly 2—3 days, and can
kill large segments of the flock.

Distribution
Renal coccidiosisisfound in birds worldwide.

Photo by J. Christian Franson

Photo by J. Christian Franson

Seasonality

Mortality from renal coccidiosisis most common during
periods of the year when birds are densely aggregated on
their breeding grounds or wintering areas.

Field Signs

There are no specific field signsthat indicate that abirdis
infected with renal coccidia. Young birds will often be ema-
ciated and weak, but many other diseases cause similar clini-
cal signs.

Gross Lesions

Infected birds may be emaciated and have a prominent
keel. In severeinfections, kidneys may become enlarged and
pale, containing multiple spots or foci of infection that coa-
lesceinto amottled pattern (Fig. 27.3). Cutting through these
white foci may reveal material that has the consistency of
chalk due to the build up of uric acid salts (Fig. 27.4).

Figure 27.3 Kidneys from double-
crested cormorants. Top: normal size
and color. Bottom: enlarged kidneys with
diffuse pale areas from a bird infected
with renal coccidia.

Figure 27.4 Cut surfaces from the
same two kidneys as in Fig. 27.3. Bot-
tom kidney shows chalky material from
buildup of uric acid salts.
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Diagnosis

Confirmation of renal coccidiosis requires microscopic
examination of tissue by thetrained staff of adiagnostic labo-
ratory. Whole carcasses are generally needed to determine
the cause of death unless kidney damage is so severe that it
unquestionably would have caused death. When whole re-
frigerated carcasses cannot be provided for evaluation be-
cause of field circumstances, the kidneys should be removed,
preserved in a 10:1 volume of 10 percent buffered neutral
formalin and submitted for diagnosis (see Chapter 2).

Control

Control of renal coccidiosis in free-ranging birds is not
feasible. Crowded conditions facilitate transmission of the
parasite through fecal contamination of the environment.
Prevention of degradation of habitat quantity and quality on
breeding grounds and wintering areasis needed to minimize
disease risks.

Human Health Considerations

There are no reports of human health concerns with this
disease.

Rebecca A. Cole

Supplementary Reading

Gajadhar, A.A., and Leighton, F.A., 1988, Eimeria wobeseri sp. n.
and Eimeria goelandi sp. n. (Protozoa: Apicomplexa) in the
kidneys of herring gulls (Larus argentatus): Journal of Wildlife
Diseases, v. 24, p. 538-546.

Oksanen, A., 1994, Mortality associated with renal coccidiosisin
juvenile wild greylag geese (Anser anser anser): Journal of
Wildlife Disease, v. 30, p. 554-556.

Wobeser, G., and Stockdale, PH.G., 1983, Coccidia of domestic
and wild waterfowl (Anseriformes): Canadian Journal of
Zoology, v. 61, p. 1-24.
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Chapter 28
Sarcocystis

Synonyms
Rice breast disease, sarcosporidiosis, sarcocystosis

Cause

Sarcocystisisanonfatal, usually asymptomatic infection
that is caused by a parasitic protozoan. Various species of
this parasite affect mammals, reptiles, and birds. The most
commonly reported species of the parasitein North America
is Sarcocystis rileyi, the species most commonly found in
waterfowl.

Life Cycle

The Sarcocystis sp. parasites have an indirect life cycle
(Fig. 28.1) that requires a paratentic or transport host animal
(abird), in which they live for atime before they are trans-

Cysts ingested by carnivore and
parasite reaches maturity within
the carnivore

Cysts develop in muscle
tissues of bird following
invasion by merozoites

ported to a definitive host animal (acarnivore), in which they
reach maturity. Birds ingest the eggs or oocysts of the ma-
ture parasite in food or water that is contaminated by carni-
vore feces, which contain the oocysts. The oocysts develop
in the intestine of the bird into an intermediate form, the
sporozoites, that enter the bird’s bloodstream and infect spe-
cific cells of the blood vessels. Multiplication of these cells
gives rise to a second intermediate form, merozoites, that
are carried by the blood to the voluntary muscles, where elon-
gated cystsor macrocystsare eventually produced (Fig. 28.2).
Thelife cycle is completed when a carnivore ingests the in-
fected muscle tissue of abird and the parasite reaches matu-
rity and releases oocysts in the intestines of the carnivore.
The carnivoreisinfected only initsintestine. Macrocysts do

Oocysts shed in
carnivore feces

Oocysts ingested by bird in
contaminated food or water

Figure 28.1 General life cycle of
Sarcocystis sp.
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Figure 28.2 Rice-grain sized cysts of Sarcocystis sp. evident in parallel streaks in A, breast muscle fibers of a mallard and
B, thigh and leg muscle of an American black duck.

not develop in the carnivore, and the Sarcocystis sp. parasite
rarely causes the carnivoreillness or other forms of disease.

Species Affected

Dabbling ducks (mallard, northern pintail, northern shov-
eler, teal, American black duck, gadwall, and American
wigeon) commonly have visible or macroscopic forms of
Sarcocystis sp.; these forms are far less frequently found in
other species of ducks and are infrequently found in geese
and swans. Recent studies of wading birds in Florida have
disclosed a high prevalence of Sarcocystis sp.; similar find-
ings have previously been reported from South Africa. Land
birds, such as grackles and other passerine birds, as well as
mammals and reptiles can have visible forms of sarcocystis,
but it is unlikely that S rileyi is the species of parasite in-
volved. With the exception of waterfowl, this parasite has
received little study in migratory birds. This must be taken
into account when considering the current knowledge of spe-
cies affected (Fig. 28.3).

Distribution

Sarcocystisisacommon parasitic infection of somewater-
fowl species, and it isfound throughout the geographic range
of those speciesin North America. Lessisknown about Sar-
cocystis sp. in other species of wild birds, but this parasite
has been reported from waterbirds in South Africa, Austra-
lia, Canada, and Mexico in addition to the United States.

Seasonality

Infected birds can be found yearround, but waterfow! that
areinfected with Sarcocystis sp. are usually observed during
the hunting season. Infection is not seen in prefledgling
waterfowl, nor isit often seenin juveniles. Two possiblerea-
sons for these differences between the age classes may be
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that the devel opment of visible forms of the parasite requires
time or that birds may not be infected until after they have
left their breeding grounds. Because visible forms of sarco-
cystis are more frequently developed in older birds, hunter
detection tendsto be greatest during years of poor waterfowl
production when the bag contains a greater proportion of
adult birds. A moderate percentage of juvenile mottled ducks
that were collected in Louisiana primarily after the hunting
season were recently found to have light sarcocystis infec-
tions. Because this species does not migrate, this suggests
that the birds were infected within the general geographic
area where they were collected and that the later collection
date allowed the macrocyst lesions to be visible.

Too little is known about sarcocystis in other groups of
wild birds to evaluate its seasonality.

Field Signs

Usually, thereis no externally visible sign of this disease
nor isit recognized as adirect cause of migratory bird mor-
tality. Severe infections can cause loss of muscle tissue and
result inlameness, weakness, and even paralysisin rare cases.
The debilitating effects of severe infections could increase
bird susceptibility to predation and to other causes of mor-
tality.

Gross Lesions

Visible forms of infection are readily apparent when the
skin is removed from the bird. In waterfowl and in many
other species, infection appears as cream-colored, cylindri-
cal cysts (the macrocysts) that resemble grains of rice run-
ning in parallel streaks through the muscle tissue. The cysts
are commonly found in the breast muscle (Fig. 28.2A), but
they arealso found in other skeletal and cardiac muscle (Fig.
28.2B). Cacification of the muscletissue around these cysts

Photos by James Runningen
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makes them obviously discrete bodies. The degree of calci-
ficationisoften sufficient to give agritty feeling to thetissue
when it is cut with aknife.

Lesions that were observed in wading birds differed in
appearance; the cysts were white and opaque, and they gen-
erally extended throughout the entire length of the infected
musclefiber. Cystswere present in the heart muscle and they
were confined to striated muscles.

Diagnosis

The visible presence of sarcosporidian cysts in muscle
tissueis sufficient to diagnose thisdisease. Visible cysts may
vary in size and shapein different bird species. Good quality
color photographs (prints or 35 millimeter slides) of the ex-
ternal surface of infected muscle are generally sufficient for
a disease specialist to recognize this disease if tissues or a
whole carcass cannot be provided. Whole birds should be
submitted if possible. If only tissues can be submitted, then
aportion of the infected muscle should be fixed in a 10 per-
cent formalin solution. Frozen muscle tissueis also suitable
for diagnosis, and the distinctive appearance of these cysts
allowsadiagnosisfrom even partially decomposed carcasses.

Control

There are no known control methods for this disease, nor
do any seem to be needed or are any being developed. Con-
trol of sarcocystiswould requireinterruption of thelifecycle
of the parasite. Although the life cycles of the Sarcocystis
sp. that affect wild birds are not precisely known, they are
probably similar to the two-host, indirect life cycle known
for some other Sarcocystis sp. (Fig. 28.1). The predator-prey
relationship between the intermediate bird hosts and the de-
finitive carnivore hosts may be the primary reason that juve-
nile birds or some bird species are seldom found to be in-
fected. The appropriate carnivores may not be present on the
breeding grounds.

Different species of carnivores seem to beinvolved inthe
infection of different bird species, which suggests that birds
are infected by more than one species of the genus Sarco-
cystis sp. If the carnivore-hird cycle is species-specific, that
is, if a specific species of bird can only be infected by oo-
cysts that are produced by a parasite in a specific carnivore
species, then selective control of sarcocystis might be fea-
sible. However, current knowledge of the disease does not
indicate a need to initiate control because thereis little evi-
dence that bird health is often compromised by infection.
Nevertheless, the role of carnivoresin the life cycle of Sar-
cocystis sp. infections should be considered when feeding

Figure 28.3 Relative frequency of grossly visible forms of
sarcocystis in selected groups of North American migratory
birds.
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uncooked, infected waterfowl to house pets and to farm ani-
mal's such as hogs.

Human Health Considerations

Sarcocystis sp. presents no known health hazard to hu-
mans. The primary importance to humans of sarcocystisin
waterfowl is the loss of infected birds for food; the unaes-
thetic appearance of parasitized muscle may prompt hunters
to discard the carcass. Limited eval uations of hunter responses
to infected carcasses indicate no reduction in carcass con-
sumption in areas where the infection is commonly seen.
Also, the recognized high prevalence of infection in north-
ern shovelers in some areas results in this species often be-
ing left unretrieved by some hunters and focuses additional
hunting pressure on other species.

Benjamin N. Tuggle and Milton Friend
(Modified from and earlier chapter by Benjamin N. Tuggle)
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Chapter 29
Eustrongylidosis

Synonyms
Verminous peritonitis

Cause

Eustrongylidosis is caused by the nematodes or round-
worms Eustrongylides tubifex, E. ignotus, and E. excisus.
Eustrongylides sp. can cause large die-offs of nestlings in
coastal rookeries, especially of egrets and other wading birds.

Life Cycle

The three species of Eustrongylides that cause diseasein
birds have similar indirect life cycles that require two inter-
mediate hosts (Fig. 29.1). Four developmental stages of the
parasite are required from egg to sexually matureworm. The
first larval stage developswithin the eggsthat are shed in the
feces of the bird host and are eaten by freshwater oligocha-
etes or aguatic worms. The oligochaetes serve as the first
intermediate host. The eggs hatch within the oligochaetes,
wherethey develop into second- and third-stagelarvae. Min-
nows and other small fish, such as species of Fundulus and
Gambusia, feed upon the infected oligochaetes and serve as
the second intermediate host. The third-stage larvae become
encapsulated on the internal surface areas of the fish, de-
velop into infective fourth-stage larvae, and await ingestion
by birds. Predatory fish, which consume infected fish, can
serve as paratenic or transport hosts when they are fed upon
by birds. Amphibians and reptiles have al so been reported as
second-stageintermediate hosts and serve as paratenic hosts.
Larvaethat areinfectivefor birds can penetrate the ventricu-
lus (stomach) within 3-5 hours after a bird ingests an inter-
mediate or paratenic host, and the larvae quickly become
sexually mature wormsthat begin shedding eggs 1017 days
postinfection.

Species Affected

E. tubifex has been reported from four different bird fami-
lies, E. ignotus from three, and E. excisus from three (Fig.
29.2). Young wading birds are the most common species to
have large mortalities from eustrongylidosis (Table 29.1).
Eustrongylides sp. have also been reported in birds of prey.

Distribution

Eustrongylides sp. have been reported from birdsthrough-
out much of theworld. E. tubifex and E. ignotus are the spe-
cies reported within the United States (Table 29.2).
Eustrongylid infections within the United States have been
reported from many areas (Fig. 29.3). Typical rookerieswhere
birdsareinfected with Eustrongylides sp. arefound in coastal

areas and consist of dense populations of birds nesting on
low islands, often surrounded by canals or ditches. Nesting
habitat often includes stands of low trees, such as willows,
with an understory that may be submergent, semisubmergent,
or upland mixed-prairie species. Inland rookeries are usu-
ally adjacent to lakes or rivers, and nesting trees, particu-
larly those used by great blue herons, may be much higher
than those in coastal rookeries. Several wading bird species
may nest in these areas, but typically one or two species ac-
count for most of the birds in the rookery (Fig. 29.4).

Seasonality

Birds can harbor infections yearround. Mortality usually
isreported in spring and summer and birds|essthan 4 weeks
old are more likely to die than adults. Disease in older birds
tends to be of a more chronic nature and infection may be
seen at any time of the year.

Field Signs

Disease results in a variety of clinical or apparent signs
that are not specific to eustrongylidosis. However, consider-
ation of the species affected, the age class of birds involved,
and the full spectrum of signs may suggest that eustrongyli-
diosisisthe cause of mortality. Very early intheinfection as
theworm is penetrating the ventriculus, some birdswill shake
their heads, have difficulty swallowing, have dyspneaor dif-
ficult or labored breathing and, occasionally, regurgitate their
food. Anorexia or loss of appetite has been noted in experi-
mentally infected nestlings. It has been speculated that anor-
exia in combination with sibling competition for food may
contribute to the emaciation seen in naturally infected birds.
Infected nestlings al so may wander from the nest predisposed
to predation or trauma or both. Affected nestlings observed
during one mortality event became progressively weakened
and showed abdominal swelling. Palpation of worms on the
ventriculus has been useful for detecting infection in live
nestlings.

Gross Lesions

Birds that have been recently infected often have large,
tortuous, raised tunnels that are visible on the serosal sur-
face of the proventriculus, ventriculus, or intestines (Fig.
29.5A). The nematodes reside within these tunnels, which
are often encased with yellow, fibrous material, and main-
tain openings to the lumen of the organ so that parasite eggs
may be passed out with fecesinto the environment. A fibrino-
peritonitis or fibrin-coated inflammation of the surfaces of
the peritoneal cavity (the area containing the organs below
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Figure 29.1 Life cycle of Eustrongylides sp.
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Figure 29.2 Groups of water birds reported to be infected
with Eustrongylides sp.

the heart and lungs) and theintestinal surfacesmay be present
when larvae or adult worms have perforated the surface of
the intestines (Fig. 29.5B). Movement of bacteria from the
lumen of the digestive tract to the body cavity resultsin bac-
terial peritonitis and secondary infections that can cause the
death of an infected bird. Thick-walled granulomas, which
are firm nodules consisting of fibrous tissue that forms in
response to inflammation with necrotic (dead) centers,
caseous (cheesy) airsaculitis or inflammation of the air sacs
and intestinal blockages have also been reported. The pres-
ence of the parasite is also striking when carcasses are ex-
amined. Adult worms can be quite large (up to 151 millime-
tersin length and 4.3 millimetersin width) and are reddish.

Lesionsin chronic or resolving infectionsare less remark-
ableand appear asraised, yellow or tan-colored tunnel sfilled

with decomposed worms or worms encased with yellow fi-
brousmateria. Somelesionswill not have recognizableworm
structures intact. Lesions seen in bald eagles that were ex-
amined at the National Wildlife Health Center were in the
esophagus and were much less severe than those in other
fish-eating birds.

Diagnosis

Large tortuous tunnels on the surface of the proventricu-
lus, ventriculus, or intestine of fish-eating birds are most
likely due to Eustrongylides sp. However, the presence of
eustrongylid worms is not diagnostic of the cause of death,
especially in older nestlings and adult birds. Therefore, en-
tire carcasses should be provided for disease diagnosis. If
interest is limited to confirming the presence of Eustron-
gylides sp., then infected organs and the gastrointestinal tract
should be removed and shipped chilled on cool packsto an
appropriate laboratory. If shipment isnot possiblewithin 24—
48 hours, the organs can be frozen or preserved in 10 per-
cent neutral formalin and shipped. Speciation of worms re-
quires a diagnostician who has appropriate training.

Control

Control of eustrongylidosis depends on the difficult task
of disrupting the parasitelife cycle, which isfurther compli-
cated by the length of time that the eggs can remain viable
and that intermediate hosts can remain infective. Under ex-
perimental conditions, Eustrongylides sp. eggs haveremained
viable up to 2.5 years and freshwater fish and oligochaetes
have been reported to remain infected for more than 1 year.
Also, the rather quick maturation of the parasite (onceiit is
inside the bird definitive host), along with the long time
period that intermediate and paratenic hosts can remain in-
fected, are a perfect parasite strategy for infecting transient
or migratory birds. Thus, the birdsin arookery can quickly
infect intermediate/paratenic hosts, which can maintain the
parasite until next season’s nesting.

It is known that eutrophication and warm water tempera-
tures (2030 °C) create optimal conditions for the parasite.
It has been reported that infection among fishishighest where
external sources of nutrients or thermal pollution alter natu-
ral environments. Therefore, water quality is an important
factor that in some situations is subject to actions that may
decrease transmission of the parasite. Water-quality improve-
ment as a means of disease prevention should be taken into
consideration relative to land-use practices and wastewater
dischargesthat may negatively impact egret and heron rook-
eries and feeding areas for wading birds.

Food sources used for birds being reared in captivity or
being rehabilitated for return to the wild should be free of
infection with Eustrongylides sp. The types of fish and the
sources of those fish should be considered before they are
used to feed birds.
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Table 29.1 Examples of reported wild bird mortality attributed to eustrongylidiosis.

Geographic location

Primary species affected

Time of Year

Parasite species

Comments

Virginia Beach, Va.

Madison County, Ind.

Pea Patch Island, Del.

Avery Island, La.

Goat Island, Texas

Several colonies in
central and southern
Florida.

Red-breasted merganser

Great blue heron

Snowy egret

Common egret

Snowy egret
Great egret

Snowy egret
Great egret

Dec.

May

May-July

May

Not
reported

Not
reported

E. sp.

E. ignotus

E. ignotus

E. sp.

E. sp.

E. ignotus

50 dead, 95 moribund;
mature birds were affected.

25 dead and moribund;
most birds had fledged the
previous year.

Approximately 300
hatchlings in one outbreak;
most deaths occurred
within the first 4 weeks after
hatching; other outbreaks
have been reported for this
location.

Minimum loss of 400
hatchlings at just prefledging
age.

Nestlings and young of
undetermined numbers; high
infection prevalence in colony.

More than 250 nestlings
during one event; this geo-
graphic area has recurring
losses from this parasite.
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Table 29.2 Reported geographic occurrence in wild birds of
Eustrongylides sp.

Geographic area

Eustrongylides sp.

E. tubifex

E. ignotus

E. excisus

United States
Canada
Brazil

Europe
Russia
Middle East
Taiwan

India
Australia
New Zealand




EXPLANATION

Reports of Eustrongylides sp. in birds,
by State

[ Infections reported in birds

[ Major mortality events reported

Figure 29.3 States where Eustrongylides sp. infections in wild birds have been reported.

Photo by J.Christian Franson

Figure 29.4 Although many species may nest in wading bird rookeries, one or two species are often
predominant.
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Figure 29.5 (A) Raised tunnels caused by Eustrongylides
sp. on intestines of a snowy egret. (B) The debris on the intes-
tinal surfaces of this snowy egret is characteristic of the peri-
tonitis often caused by Eustrongylides sp. infection.
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Photo by James Runningen

Human Health Considerations

Humanswho have consumed raw or undercooked fish that
carry the larval stages of the parasite have experienced gas-
tritis or inflammation of the stomach and intestinal perfora-
tion requiring surgical removal of worms.

Rebecca A. Cole
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Chapter 30
Tracheal Worms

Synonyms
Gape worm, syngamiasis, gapes

Cause

Infection by tracheal worms often results in respiratory
distress due to their location in the trachea or bronchi and
their obstruction of the air passage. | nfections by these para-
sitic nematodes or roundworms in waterbirds, primarily
ducks, geese, and swans, are usually due to Cyathostoma
bronchialis and infection of land birds are usually due to
Syngamus trachea. However, both generainfect avariety of
species, including both land and waterbirds. Infections with
S. trachea have been more extensively studied than infec-
tions with Cyathostoma sp. because of its previous impor-
tance as a disease-causing parasite of poultry in many parts
of the world. Changesin husbandry practices to modern in-
tensive methodsfor poultry production have essentially elimi-
nated S. trachea as an agent of disease in chickens, but itis
an occasional cause of disease in turkeys raised on range.

Life Cycle

Tracheal wormshave anindirect lifecycle (Fig. 30.1) that
requires aparatenic or transport host which transmitsthein-
fectious larvae to the definitive host bird, where they reach
adulthood and reproduce. Adult S. trachea reside within the
trachea. Thefemale releasesfertilized eggs, which are swal-
lowed by the bird and voided with the feces into the soil.
Eggs may also bedirectly expelled onto the ground from the
trachea. After embryonation (1-2 weeks), infective larvae
develop within the egg. Birds can becomeinfected by eating
invertebrate parateni ¢ hosts such as earthworms, snails, slugs,
or fly larvae that have consumed the eggs. Infective larvae
are released from the egg and become encysted within the
bodies of these invertebrates and can remain infective for up
to three and one-half years. Upon ingestion by birds, thelar-
vae are believed to penetrate the intestinal wall. Some larvae
enter the abdominal cavity but most enter the bloodstream,
where they are carried to the lungs. After further develop-
ment in the lungs, the young worms migrate up the bronchi
to the trachea. Larvae can reach the lungs within 6 hours
after ingestion and eggs are produced by worms in the tra-
chea about 2 weeks after ingestion of those larvae.
C. bronchialis is very similar in that earthworms transmit
the infective stage to the bird. Infection of birds with
C. bronchialis by direct consumption of fully embryonated
eggs has been documented experimentally; however, worm
burdens were extremely low.

Species Affected

Disease caused by tracheal worms is not commonly re-
ported for free-ranging birds within the United States and
Canada, but it iscommon within the United Kingdom and in
some other countries. High infection rates within wild birds
in England attest to the potential for this parasite to be a
serious pathogen. Morethan 50 percent of nestling and fledg-
ling starlings, more than 85 percent of jackdaws, and 100
percent of young rookswerefound to beinfected in one study.
Infection rates in adult birds were considerably lower, but
they still exceeded 30 percent for starlings and rooks. Within
the United States, S. trachea infections have been reported
from wild turkeys, other gamebirds, a variety of passerines,
(songhirds), and occasionally from other bird species. Large-
scale mortalities have occurred among pheasants and other
gamebirds being propagated for sporting purposes. Findings
from captive bird collections have led to the conclusion that
almost any species of cage or aviary bird is susceptible to
infection.

S. trachea has been reported infrequently in waterfowl,
but members of the genus Cyathostoma sp. are “ characteris-
tic” or common parasites of waterfowl. Mortality has been
reported for several species of young geese, leading some
investigators to suggest that C. bronchialis are potentially
important pathogens for geese. Juvenile free-ranging sand-
hill cranes have also been reported to have died from
Cyathostoma sp. infection.

Distribution
S. trachea and Cyathostoma sp. are found worldwide.

Seasonality

Infected birds can be found yearround. Young birds are
most commonly affected and, therefore, disease is associ-
ated with breeding cycles in the spring to summer months
for free-ranging birds.

Field Signs

Most birds that are infected show no signs of disease. In
general, the severity of diseaseis dependent upon the degree
of infection and the size of the bird. Small birds are more
severely affected than larger birds because their narrower
tracheal openingsresult in greater obstruction by theworms.
Respiratory distress is the primary clinical sign of disease.
Birds with severe infections open their mouth widely and at
the same time stretch out their necks, assuming a “gaping”
posture. The adult worms that are attached to the lining of
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Figure 30.1 Tracheal worm life cycle.
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thetrachea causeirritation and excess mucus production. This
often results in agitated bouts of coughing, head shaking,
and sneezing as the birds attempt to dislodge the parasites.
Severely infected birds may have most or al of the tracheal
opening obstructed by worms, may stop feeding, and may
rapidly lose body condition.

Gross Lesions

Severely affected birds experience severe weight loss and
have poorer devel opment of body massthan uninfected birds,
and they often die from starvation (Fig. 30.2). Anemia may
also be present due to the blood-feeding habits of the para-
sites.

Diagnosis

| dentification of the worms (Fig. 30.3) and evaluation of
any associated disease signs are required for a diagnosis.
Clinical signs are not diagnostic because similar signs can
be seen with some miteinfections, aspergillosis, and wet pox.

Control

Thereisno feasible method for controlling tracheal worms
infree-ranging birds. Disease prevention should be practiced
by minimizing the potential for captive-propagation and re-
lease programs to infect invertebrates that are then fed upon
by free-ranging birds. Land-use practicesthat provide direct
contact between poultry rearing and wild birds and the dis-
posal of bird feces and litter should also be considered be-
cause environmental contamination with infective larvae is
acritical aspect of the disease cycle.

Human Health Considerations
Thereareno reports of these nematodesinfecting humans.

Rebecca A. Cole

Supplementary Reading

Anderson, R.C., 1992, Nematode parasites of vertebrates: Their
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International, 578 p.
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Strongylata, Ascaridata, and Spirurata: U.S. National Museum
Bulletin No. 140, 465 p.

Fernando, M.A., Hoover, 1.J., and Ogungbade, S.G., 1973, The
migration and development of Cyathostoma bronchialisin
geese: Journal of Parasitology, v. 59, p. 759-764.

Threlfall, W., 1965, Life-cycle of Cyathostoma lari: Nature,

v. 206, p. 1,167-1,168.

Photo by Milton Friend

Figure 30.2 Comparative breast muscle mass of noninfected
pheasants (left) and those with Syngamus trachea infections
(right).

Photo by Milton Friend

Figure 30.3 Syngamus trachea in the trachea of a ring-
necked pheasant.
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Chapter 31

Heartworm of Swans and Geese

Synonyms
Filarial heartworm, Sarconema, Sarconema eurycerca

Cause

Heartworm in swans and geese is caused by a filarial
nematode or a roundworm of the superfamily Filarioidea
which istransmitted to the bird by abiting louse. The nema-
tode and the louse both are parasites. Sarconema eurycerca
isthe only one of several species of microfilaria or the first
stage juvenile of the parasite found in the circulating blood
of waterfowl that isknown to be pathogenic or causeclinical
disease.

Worms migrate through
the bloodstream to the
heart muscle where they
mature and release micro-
filariae into the blood-
stream

——

Infective third-stage larvae are
transmitted into the bird's blood-
stream when the louse takes
another blood meal

Three stages of larval
development occur within
the biting louse

Figure 31.1 Indirect life cycle of Sarconema eurycerca.

Life cycle

Sarconema eurycerca hasanindirect lifecycle (Fig. 31.1)
that requires the parasite larvae to develop in an intermedi-
ate host before they can become infective for and be trans-
mitted to a definitive host, where they mature and reproduce.
Female adult heartwormsrelease microfilariaeinto the blood-
stream of the definitive host bird. The microfilariae infect a
biting louse, Trinoton anserinum, that subsequently feeds
upon the bird. The larvae go through three stages of devel-
opment within the louse, and the third stage is infectious to
birds. A new host bird becomesinfected when the louse bites
it to feed on its blood and the third-stage larvae move into

Life cycle is continued when biting lice
feed upon the bird's blood containing
the microfilariae

Microfilariae

B
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the bird’s bloodstream. Thelarvae migrate through the bl ood-
stream to the myocardium, which is the middle and thickest
layer of the heart wall composed of cardiac muscle. They
are nourished by and develop to sexual maturity within the
myocardium. The cycle continues as this next generation of
mature heartworms release microfilariae into the blood-
stream.

Infection with the parasite is not synonymous with dis-
ease; that is, the parasite may infect and develop within the
bird but not debilitate it.

Species Affected

Sarconema eurycerca was first identified from a tundra
swan (whistling swan) in the late 1930s. It has since been
reported from trumpeter, Bewick’s, and mute swansand, from
Canada, snow, white-fronted, and bean geese. Varying per-
centages of swans (4-20 percent) have been found to bein-
fected on the basis of blood smears that were taken from
apparently healthy birds during field surveys. Canadian in-
vestigators have reported a prevalence of approximately 10
percent of snow geese that were examined at necropsy and
which had died from other causes. This parasite has not re-
ceived sufficient study for itsfull host range, itsrelative fre-
guency of occurrencein different species, or its significance
as amortality factor for wild birds to be determined.

Distribution

Heartworm isfound throughout the range of its swan and
goose hosts.

Seasonality

Itissuspected that while swansand geese are on the breed-
ing grounds, louse infestation and colonization on birds is
prevalent. Therefore, the possibility of infection by heart-
worm is highest while birds are on the breeding grounds.

Field Signs

Field signs are not always present in infected birds, and
infection cannot be determined by the presence of clinical
signs alone. Chronic types of debilitating diseases, such as
lead poisoning, may exacerbate louse infestation because
birds become lethargic and do not preen. No specific field
sign isdiagnostic for infection.

Gross Lesions

The severity of infection dictatesthe lesions that are seen
at necropsy. Birds may be emaciated or in comparably good
flesh. The heart may be enlarged and have pale foci or spots
within the myocardium. The thin, long thread-like worms
may be visible under the surface layer or epicardium of the
heart or the worms may be embedded within the deeper
muscl e tissue of the myocardium (Fig. 31.2).
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Figure 31.2 Heartworms (arrows) on the inner surface of
the heart of a tundra swan.

Diagnosis

A diagnosis of heartworm as the cause of death must be
supported by pathologic lesions seen during examination of
the heart tissueswith amicroscope and consideration of other
causes. Therefore, whole carcasses should be submitted for
diagnostic assessments. If the transit timeis short enough to
avoid significant decomposition of the carcassand if the car-
cass can be kept chilled during transit, then chilled whole
carcasses should be submitted to qualified disease diagnos-
tic laboratories. If those conditions cannot be met, then car-
casses should be submitted frozen.

Control

Control of heartworm is not practical for free-ranging
birds. Decreasing the opportunity for heavy infestation of
the louse intermediate host will result in reduced opportu-
nity for heartworm infection.

Human Health Considerations
Sarconema eurycerca has not been reported to infect humans.

Rebecca A. Cole

Supplementary Reading

Cohen, M., Greenwood, T., and Fowler, JA., 1991, The louse
Trinoton anserinum (Amblycerca: Pthiraptera), an intermedi-
ate host of Sarconema eurycerca (Filarioidea: Nematoda), a
heartworm of swans: Medical and Veterinary Entomology, v. 5,
p. 101-110.

Scheller, E.L., Sladen, W.L., and Trpis, M., 1976, A Mallophaga,
Trinoton anserium, as a cyclodevelopmental vector for a
heartworm parasite of waterfowl: Science, v. 194, p. 739-740.

Seegar, W.S,, 1979, Prevalence of heartworm, Sarconema
eurycerca, Wehr, 1939 (Nematoda), in whistling swan, Cygnus
columbianus columbianus: Canadian Journal of Zoology, v. 57,
p. 1,500-1,502.

Photo by James Runningen



Chapter 32
Gizzard Worms

Synonyms
Stomach worm, ventricular nematodiasis, amidostomiasis

Cause

Gizzard worms are comprised of several species of para-
sitic nematodes or roundworms of birds. Severe infections
can result in birds becoming unthrifty and debilitated to the
extent that they are more susceptible to predation and to in-
fection by other disease agents. The two gizzard worms that
are emphasized here are trichostrongylid nematodes that
bel ong to the genera Amidostomum sp. and Epomi diostomum
sp. Theselong (10-35 millimeter), sometimes coiled, thread-
like roundworms are found just beneath the surface lining
and the grinding pads of the gizzard, and they are most fre-
guently found in waterfowl. Other species of gizzard worms
are found in upland gamebirds such as grouse, in psitticine
birds such as parakeets, and in passerine or perching birds
such asrobins in various parts of the world.

Life Cycle

Amidostomum sp. and Epomidiostomum sp. have adirect
lifecycleinwhichtheinfective parasitelarvaeinvadeasingle
host animal for development to reproductive maturity (Fig.
32.1). Embryonated eggs are passed in the feces of an in-

fected host bird. First-stage larvae hatch from the eggs into
the surrounding environment in about 24—72 hours, depend-
ing on the ambient temperature. These larvae molt twice
after they hatch, and the time between molts also depends
on the temperature. Larvae are quite resilient, surviving low
temperatures and even freezing; they do not, however, sur-
vive drying.

After a bird ingests the larvae, most commonly when a
bird feeds or drinks, they enter the gizzard and burrow into
its surface lining where they molt again before they become
adult worms. Adult worms become sexually mature in about
10-15 daysafter thefinal molt, and femal es shed eggswithin
15-20 days. The development from egg to adulthood may
take as few as 20 days or as many as 35 days depending on
environmental conditions. Once abirdisinfected, it can har-
bor gizzard worms for severa years.

In contrast to the direct parasite life cycle, other gizzard
worms such as Cheilospirura spinosa haveindirect life cycles
(Fig. 32.2) in which they undergo one or more stages of de-
velopment in an arthropod (insect) intermediate host. C.
spinosa isacommon gizzard worm of North American ruffed
grousethat al so infects partridges, pheasants, quail, and wild
turkey. Embryonated C. spinosa eggs that are discharged in
the feces of grouse and other infected upland gamebirds are

Adults in gizzard lining
and/or muscle

Infective larvae
ingested while
bird feeds

Eggs hatch, and larvae
molt twice to infective stage

Eggs shed
in feces

Figure 32.1 Direct life cycle of gizzard worms such as Amidostomum sp. and Epomidiostomum sp.
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Bird host

Parasite reaches sexual
maturity in 32 days (bobwhites)
to 45 days (ruffed grouse)

Embryonated eggs are
passed in the feces
of an infected host bird

After ingestion of infected
grasshoppers, fourth-stage
larvae develop in the gizzard

lining of the host bird

Gizzard worms are ingested
by grasshoppers, where they
become third-stage larvae

Indirect life cycle of gizzard worms such as Cheilospirura spinosa.

Figure 32.2

ingested by grasshoppers, theintermediate host, and the eggs
hatch within the body of the grasshopper. Experimental stud-
iesindicate that the larvae then migrate into the body cavity
of the grasshopper, where they become loosely encysted or
wherethey invade the muscles. They then becomethird-stage
larvae that are infective for birds; this infective stage is
reached about three or three and one-half weeks after the
grasshopper ingests the parasite eggs. Fourth-stage larvae
(immature adult worms) have been found underneath the
gizzard lining of bobwhite quail 14 days after ingestion of
infected grasshoppers. Sexual maturity of the parasite is re-
ported to be reached in bobwhites 32 days following inges-
tion of infected grasshoppersand in 45 daysfor ruffed grouse

Species Affected

Amidostomum sp. and Epomidiostomum sp. can be found
inavariety of migratory birds, and gizzard worms have been
reported in ducks, geese, swans, American coot, grebes, and

236 Field Manual of Wildlife Diseases: Birds

pigeons (Fig. 32.3). Birds can die from gizzard worm infec-
tion, and death of very young birds is more common than
death of adult birds. These worms are among the most com-
mon parasites of waterfowl, and they generally are more com-
mon in geese than in ducks or swans. However, avery high
prevalence of infection of canvasback duckswith Amidosto-
mum sp. (80 percent) was reported in one study. Infectionis
most severe in snow geese and Canada geese.

Seasonality

Migratory birds first become exposed to gizzard worms
on breeding grounds, and they can continue to be exposed
throughout their lives. Therefore, no seasonality is associ-
ated with this parasitism. The loss of young birds may be
particularly high during the fall and winter months because
of the combined effects of large worm burdens, the stresses
of migration, and competition for food.



Geese

Swans

Coots

Puddle ducks

Diving ducks

Sea ducks

Wading birds

Shorebirds

Gulls and terns
Pelicans
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Occasional
Rare or not reported
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Field Signs

There are no field signsthat indicate gizzard worm infec-
tion. Heavy worm burdens can result in poor growth of young
birds, and birds of all ages are subject to emaciation and
general weakness. Severe infections can interfere with food
digestion by the bird as aresult of extensive damage to the
gizzard lining and muscle.

Gross Lesions

Obvious changes from the normal appearance of the giz-
zard result from the devel opment, migration, and feeding of
gizzard worms in that organ. The gizzard lining can slough
off, become inflamed, hemorrhagic, and become ulcerated
asaresult of erosion of the grinding pads (Fig. 32.4). Large
numbers (greater than 35) of worms can denude the surface
lining of the gizzard, causing the edges of the grinding pads
to degenerate and separate the pads from the underlying tis-
sue (Fig. 32.5). In geese, portions of the gizzard muscle can
die due to the presence of variable numbers of Epomidio-
stomum sp., which migrate through the tissue. Oblong tissue
cavities 1-4 centimeterslong can also be present (Fig. 32.6),
and they can contain granular materia that results from tis-
sue reaction to worm migration through the muscle.

Diagnosis

Gizzard worm infection can be determined in live birds
by finding and identifying gizzard worm eggs in the feces.
The eggs of Amidostomum sp. and Epomidiostomum sp. are
similar in size and appearance, and they require speciation
by trained personnel.

Large numbers of wormsand lesionsin the gizzard lining
or gizzard muscle of carcasses are highly suggestive of death
caused by gizzard worms. Submit whole carcasses to dis-
ease diagnostic laboratories for more thorough evaluation.
If it is not possible to submit a whole carcass and you sus-
pect gizzard worms as the cause of mortality, then remove
the gizzard (see Chap. 2) and ship it chilled or frozen. If the
gizzard has been opened, remove with forceps as many whole
worms as possible and place them in a 10 percent formalin
solution or a 70 percent ethanol solution; do not freeze these
worms. Submit the opened gizzard with the worms or pre-
serve slices of the gizzard musclein 10 percent formalin and
forward them for microscopic examination (see Chap. 2).

Figure 32.3 Relative frequency of gizzard worms in selected
groups of North American migratory birds.
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Photo by James Runningen

Figure 32.4 Canada goose gizzard showing ulcerations in the gizzard lining caused by gizzard worm
(Amidostomum sp.) infection.

Photo by James Runningen

Figure 32.5 Closeup of Canada goose gizzard showing A, denuded surface lining, and B, degeneration
of the edges of the grinding pads. Note also C, the separation of the pads from the gizzard lining and D, the
presence of worms.
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Figure 32.6 Areas of tissue destruction and reaction to migrating Epomidiostomum sp. in the gizzard
muscle of a snow goose.

Control

Methods of controlling gizzard worms in free-ranging
birds have not been developed. Attempts to do so would in-
volve disruption of the parasite’s life cycle. Amidostomum
sp. and Epomidiostomum sp. have a direct life cycle (Fig.
32.1), and this suggests that transmission potential is great-
est in crowded and continuously used habitat because of
accumulative fecal contamination, provided that ambient tem-
peratures are warm enough (68—77 °F) for larval develop-
ment. Newly hatched birds are least resistent to infection,
and birds of all ages are susceptible to reinfection.

Gizzard worms such as C. spinosa that have indirect life
cycles could, theoretically, be controlled by reducing the
availability of intermediate hoststo anumber that islessthan
that which would allow transmission to be frequent enough
to maintain the parasites. However, such actions, which would
reguire habitat control or the use of insecticides, are gener-
ally not warranted because the parasite does not cause a sig-
nificant number of bird deaths. Also, intermediate hosts, such
as grasshoppers, have high food value for birds.

Human Health Considerations

Gizzard worms are not athreat to humans. Nevertheless,
people who eat waterfow! gizzards should cook them thor-
oughly and should discard those that appear unhealthy be-
cause other infections may also be present.

Benjamin N. Tuggle and Milton Friend
(Modified from an earlier chapter by Benjamin N. Tuggle)

Supplementary Reading

Bump, R., Darrow, R.W., Edmister, F.C., and Crissey, W.F., 1947,
The ruffed grouse, life history, propagation, management:
Buffalo, N.Y., New York State Conservation Department,

915 p.

Herman, C.M., and Wehr, E.E., 1954, The occurrence of gizzard
worms in Canada geese: Journal of Wildlife Management,
v. 18, p. 509-513.

Herman, C.M., Steenis, J.H., and Wehr, E.E., 1955, Causes of
winter losses among Canada geese: Transactions of the North
American Wildlife Natural Resources Conference, v. 20,

p. 161-165.

Leiby, PD., and Olsen, O.W., 1965, Life history studies on
nematodes of the genera Amidostomum and Epomidiostomum
occurring in the gizzards of waterfowl: Washington, D.C.,
Proceedings of the Helminthological Society, v. 32, p. 32-49.

Tuggle, B.N., and Crites, J.L., 1984, The prevalence and pathoge-
nicity of gizzard nematodes of the genera Amidostomum and
Epomidiostomum (Trichostrongylidae) in the lesser snow
goose (Chen caerulescens caerulescens): Canadian Journal of
Zoology, v. 62, p. 1,849-1,852.
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Chapter 33
Acanthocephaliasis

Synonyms
Thorny-headed worms, acanths

Cause

The phylum Acanthocephal a contains parasitic wormsre-
ferred to as thorny-headed worms because both the larval
and adult parasites have a retractable proboscis or a tubular
structure at the head, which has sharp, recurved hooks or
spines. Much like the cestodes or tapeworms, they lack di-

Definitive bird hosts

5l
&

Intermediate/transport (paratenic) hosts

Infective juvenile stage, or
cystacanth, develops within
intermediate hosts. Birds
feed on intermediate or
paratenic hosts

gestive tracts and absorb nutrients from the bird's intestinal
canal. This may weaken the bird and may make it more sus-
ceptible to other diseases and to predation.

Adult acanthocephalans are found in avariety of bird spe-
cies and in other vertebrates. More than 50 species of acan-
thocephal ans have been reported in waterfowl, but reevalua-
tions of acanthocephalan taxonomy are resulting in revised
speciation. Neverthel ess, numerous species within the phy-
lum are found in birds.

Cystacanth develops into adult
worm in the bird's intestine and
produces eggs

Infected birds shed parasite eggs,
which are developing embryos, into
the environment via the feces

Developing embryos
are ingested by inter-
mediate/transport host

Figure 33.1

Indirect life cycle of acanthocephalan worms.
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Life Cycle

All acanthocephalan species thus far examined have an
indirect life cycle (Fig. 33.1) that requires at |east one inter-
mediate host. Intermediate hosts tend to be preferred food
items of the definitive host; thus, the parasite also uses the
intermediate host as a means of transport to the definitive
host. Crustacea of the orders Amphipoda, 1sopoda, and
Decapoda have been identified as common intermediate hosts
of acanthocephalans that infect waterfowl. Some acantho-
cephalansthat affect passerinesor perching birds are reported
to use terrestrial insects as intermediate hosts. Fish, snakes,
and frogs have been identified as paratenic hosts in the life
cycle of some acanthocephal ans that infect birds.

The adult female parasite within the definitive bird host
produces eggs that are passed with the bird’s feces into the
environment. When the egg is ingested by the intermediate
host (insect, crustacean, or centipedes and millipedes), the
infective juvenile stage or cystacanth devel opswithin thein-
termediate host. In many life cycles of acanthocephalans, if
this intermediate host is eaten by a vertebrate host which is
unsuitable as a definitive host, the cystacanth will penetrate
the vertebrates gut, encyst and cease development. This ver-
tebrate is now aparatenic host. If the paratenic or intermedi-
ate host is eaten by a suitable definitive host the cystocanth
will attach to the definitive host’s intestinal mucosa via the
spined proboscis, mature, mate and produce eggs. A change
in body coloration has been noted in some crustaceans in-
fected with certain species of acanthocephalan. It isthought
that this change in color increases predation by definitive
hosts. This might be an evolutionary adaptation which in-
creases the chances of life cycle completion by the acantho-
cephalan.

Species Affected

Acanthocephalansinfect all classes of vertebratesand are
common in birds. Ducks, geese, and swans are considered to
be the most commonly infected birds along with birds of
prey, and some species of passerines. All age classes can
becomeinfected. Severe disease outbreaks have been repeat-
edly reported from common eiders. Eider mortality from
acanthocephal ans has been documented throughout the arc-
tic areas of their range and has been attributed to food habits
rather than to any increased susceptibility of their species.
Historical U.S. Fish and Wildlife Service disease diagnostic
records reported heavy infections of acanthocephalans and
mortality in trumpeter swans from Montana.

Distribution
Worldwide.

Seasonality

Birds can be infected with acanthocephal ans yearround.
Epizooticsusually correspond with food shortages, exhaus-
tion (resulting from migration or breeding), or stressful cir-
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cumstances. Mortality in immature and adult male eiders
is commonly seen in late winter and early spring. Adult
females experience mortality during or after brooding.
Eider ducklings often suffer 