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ABSTRACT: Diagnostic findings were reviewed on 157 sick or dead gray foxes (Urocyon cinereoar-
genteus) from the southeastern United States examined during the period 1972 through 1989.
Most foxes (n = 118) originated from Georgia; fewer animals were from Florida, Kentucky,
Maryland, Mississippi, North Carolina, South Carolina, Tennessee, Virginia and West Virginia.
Etiologic diagnoses included canine distemper (n = 125), congenital absence of guard hairs (n =

7), traumatic injuries (n = 7), rabies (n = 3), suspected toxicoses (n = 3), verminous pneumonia
due to Paragonimus kellicotti (n = 1), bacterial septicemia secondary to Dracunculus insignis (n
= 1), and tick paralysis (n = 1). Concurrent toxoplasmosis or cryptosporidiosis was noted in six
and three foxes with canine distemper, respectively. Only lesion diagnoses were attainable for
three foxes, and six cases were classified as undetermined. Canine distemper was diagnosed in
78% of the foxes, was geographically widespread, was detected in 16 of 18 yr, and exhibited a
seasonal pattern of occurrence. These facts indicate that canine distemper is more significant as
a mortality factor for gray foxes than all other infectious and noninfectious diseases combined.

Key words: Gray fox, Urocyon cinereoargenteus, diseases, survey, canine distemper, mortality
factors.

INTRODUCTION

tributed species of fox in the southeastern

United States. Despite its common occur-

rence and wide distribution, little pub-

lished information is available regarding

the relative or absolute importance of var-

ious diseases as mortality factors in the spe-

cies. Only canine distemper (Helmboldt

and Jungherr, 1955; Moller and Nielsen,

1964; Hoff et al., 1974; Monson and Stone,

1976; Nicholson and Hill, 1984) and rabies

(Lewis, 1966; Carey, 1982; Reid-Sanden et

al., 1990) have been reported with sub-

stantial frequency.

Since 1972, we have had the opportu-

nity to examine numerous gray foxes found

sick or dead in the southeastern United

States. This report summarizes diagnostic

examinations on gray foxes submitted to

the Southeastern Cooperative Wildlife

The gray fox (Urocyon cinereoargen-

teus) is the most abundant and widely dis-

Disease Study (SCWDS) (Department of

Parasitology, College of Veterinary Med-

icine, The University of Georgia, Athens,

Georgia 30602, USA) during this 18-yr pe-

riod.

MATERIALS AND METHODS

Necropsy and laboratory records for gray fox-
es submitted to the SCWDS for diagnostic ex-
amination were reviewed for the period 1 Jan-
uary 1972 through 31 December 1989. Whole
animals, usually refrigerated but often frozen,
were available for examination in most in-
stances; however, in some cases only formalin-
fixed or frozen tissues were submitted. All cases
were submitted by personnel of state or federal
wildlife agencies. Because necropsies were ori-
ented toward determination of the cause of mor-
bidity or mortality, diagnostic procedures var-
ied among cases. Examinations were sometimes
hampered by postmortem decomposition or in-
adequate preservation techniques; however, such
problems were encountered in <10% of the
cases. Data reviewed for each case accession
were the number, sex and age of animals in-
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volved, location, date, case history, and major

diagnostic findings. An effort was made to cat-

egorize diagnostic findings as to whether they
were primary or secondary factors. Diseases that
occurred with sufficient frequency were eval-
uated for patterns of occurrence relative to tem-
poral, geographic, and host sex and age factors.
Monthly frequencies of diagnoses were evalu-

ated for temporal differences using a Chi square
test and the runs test (Remington and Schork,
1970). Differences in prevalence among host sex

and age classes were tested by the G-statistic.

RESULTS

Over the 18-yr period, 157 gray foxes

from 10 states were submitted for diag-

nostic purposes. Most of the foxes were

from Georgia (n = 118); fewer were from

Virginia (n = 11), North Carolina (n =

10), West Virginia (n = 7), South Carolina

(n = 5), Maryland (n = 2), and Florida,

Kentucky, Mississippi, and Tennessee (n =

1 each). Female foxes outnumbered males

(89 versus 61; 7 unknown), and adults out-

numbered young (101 versus 44; 12 un-

known). Case histories disclosed that usu-

ally only a single animal was found;

however, in several instances more than

one fox was reported sick or dead.

Naturally acquired canine distemper

was the most frequent diagnosis and oc-

curred in 123 (78%) foxes (Table 1). Foxes

with distemper were submitted from 52

counties in nine states. Distemper was di-

agnosed in foxes during each of the 18 yr

except for 1973 and 1980 when only three

animals and one animal, respectively, were

submitted. The occurrence of distemper

cases differed among months (x2 = 37.5;

df = 11) with the largest number of cases

in March and the fewest in August. Cal-

culation of 3-mo moving averages to

smooth the trend of monthly submissions

of distemper cases produced a distinct sea-

sonal pattern (Fig. 1). Runs tests on

smoothed data indicated the monthly val-

ues were nonrandom (P = 0.05) whereas

raw data only approached significance (P

= 0.10). The prevalence of distemper di-

agnoses did not differ (P > 0.05) between

sexes (males 80%, females 79%) nor be-

tween young (75%) and adult (82%) foxes.

Month
FIGURE 1. Frequency of canine distemper diag-

noses in gray foxes from the southeastern United States

by month over the period 1972 through 1989.

Two instances of presumed vaccine-in-

duced distemper were noted in addition

to the 123 naturally occurring cases. Case

histories indicated that both occurred in

wild-caught foxes which had been vacci-

nated with modified live-virus canine vac-

cines at fox hunting preserves. In one in-

stance, many gray foxes were reported to

have died following vaccination, although

red foxes (Vulpes vulpes) which report-

edly also had been vaccinated were unaf-

fected.

Foxes with distemper often were in good

physical condition with substantial endog-

enous fat reserves, although occasionally

they were thin or emaciated. Clinical signs

recorded for foxes with distemper includ-

ed lack of fear, aimless wandering, inco-

ordination, tremors, weakness, aggression,

and profound depression. The most pro-

nounced gross lesions noted were diffuse

interstitial pneumonia or bronchopneu-

monia which usually involved all lobes of

the lungs. Lungs of foxes with distemper

typically were swollen, mottled, and firm.

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 17 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



TABLE 1. Diagnostic findings in 157 sick or dead gray foxes from the southeastern United States from 1972
through 1989.

Diagnosis

Number of

(%) foxes States Years

Canine distemper (naturally acquired) 123 (78) FL, CA, KY, MD, MS,

NC, SC, VA, WV

1973-1977,

1981-1989

Canine distemper (vaccine induced) 2 (1) CA 1984, 1989

Congenital lack of guard hairs 7 (5) CA, VA 1978-1983

Trauma 7 (5) CA, SC 1972, 1981, 1984,

1986, 1987

Rabies 3 (2) CA, VA 1981, 1986, 1987

Suspected toxicoses 3 (2) CA, TN 1984, 1987, 1988

Paragonimus kellicotti/pneumonia 1 (<1) WV 1988

Dracunculus insignis/secondary 1 (<1) CA 1982

bacterial septicemia

Tick paralysis 1 (<1) GA 1973

Bronchopneumonia 1 (<1) NC 1973

Emaciation 1 (<1) GA 1986

Hemolytic anemia 1 (<1) CA 1972

Undetermined 6 (4) GA 1972, 1978,

1983, 1988
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Bronchi and bronchioles contained foamy

syncytical cells, excessive mucus, sloughed

epithelium, and necrotic debris, and often

were obstructed by plugs of these mate-

rials. Microscopic examinations of lungs

disclosed that secondary bacterial infec-

tions were almost universal. Distemper in-

fections also were nearly always charac-

terized microscopically by multifocal areas

of nonsuppurative encephalitis and often

by gastroenteritis. Intranuclear and/or in-

tracytoplasmic eosinophilic inclusion bod-

ies were found often in bronchiolar, bile

duct, pancreatic duct, gall bladder, uri-

nary bladder, gastric, intestinal, nasal, or

foot pad epithelial cells. In addition, in-

clusions were present in the adrenal me-

dulla and in glial cells, ependymal cells,

or occasionally neurons in the brain.

Six foxes with distemper also had pro-

tozoal organisms in the lungs identified as

Toxoplasma gondii. Foxes with secondary

toxoplasmosis had zones of focal necrosis

surrounding organisms in the lungs. Oc-

casionally, individual T. gondii organisms

were noted in macrophages or free in the

alveolar spaces. Three foxes with dis-

temper, all from Craven County, North

Carolina, had protozoa identified as Cry p-

tosporidium sp. in the microvillar border

of intestinal epithelial cells. Within indi-

vidual tissue sections of intestine, the dis-

tribution of Cry ptosporidium sp. was focal

except in one animal in which approxi-

mately 50% of the epithelial cells were

infected.

The second most frequent diagnosis was

an absence of guard hairs, often referred

to as a “Samson fox” in the lay literature,

which was observed in seven foxes (Table

1). These animals appeared to be in good

health otherwise and were submitted sole-

ly because of their external appearance.

All were submitted from 1978 through

1983, and six of seven were from five con-

tiguous counties (Jasper, Monroe, Morgan,

Putnam, Walton) in north central Georgia.

Trauma was the third most frequent di-

agnosis (Table 1). In five of the seven in-

stances, the cause of the injuries was not

determined. One case was a chronic gun-

shot injury, and one fox had been caught

by dogs.

The remaining diagnoses involved only

small numbers of foxes. Rabies was diag-

noses in three foxes (two from Georgia and

one from Virginia). Three other cases were

categorized as suspected toxicoses based on

case histories, lesions, and absence of other

etiologic agents, although the specific toxin
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responsible was not determined. One ju-

venile female fox from Randolph County,

West Virginia had verminous pneumonia

due to infection by the lung trematode,

Paragonimus kellicotti. One adult male

from Putnam County, Georgia had a bac-

terial septicemia that apparently devel-

oped secondary to skin ulcers initiated by

Dracunculus insignis. One adult male

from Oconee County, Georgia was diag-

nosed as having tick paralysis. Only lesion

diagnoses (bronchopneumonia, emacia-

tion, and hemolytic anemia) were attain-

able for three foxes. Six cases were cate-

gorized as undetermined. These included

two apparently normal animals (only heads

submitted) that were shot and submitted

for rabies testing, and four animals for

which there were no significant diagnostic

findings.

DISCUSSION

The data presented in Table 1 were not

obtained in a manner that would allow an

accurate assessment of the relative impor-

tance of most natural mortality factors in

gray foxes. The submission of cases was

influenced by many unknown factors, and

the data are undoubtedly biased. For ex-

ample, field personnel normally would not

submit a fox that died of a known source

of trauma. Conversely, foxes with strik-

ingly obvious external abnormalities, such

as absence of guard hairs, might be sub-

mitted at a rate higher than their actual

occurrence. One factor that obviously in-

fluenced submissions was proximity to the

SCWDS laboratory.

Despite the potential unknown factors

regarding case submissions, the data clear-

ly indicate that canine distemper is the

major disease affecting gray foxes in the

southeastern United States. Furthermore,

our data suggest that canine distemper ex-

ceeds all other infectious and noninfec-

tious diseases combined as a mortality fac-

tor for gray foxes. Monson and Stone (1976)

reported that canine distemper was the

predominant disease among gray foxes they

examined in New York, accounting for 64%

of 131 animals examined. Helmboldt and

Jungherr (1955), Hoff et al. (1974), and

Nicholson and Hill (1984) also reported

outbreaks of canine distemper involving

gray foxes in Connecticut, Florida, and

Alabama, respectively.

Our data disclosed several additional in-

teresting aspects with regard to distemper

in gray foxes. First, its occurrence in nine

southeastern states confirms that it is geo-

graphically widespread among gray fox

populations in the region. Second, its de-

tection over a period of almost two decades

indicates that it is a frequent and not an

ephemeral mortality factor for the species.

These observations, in combination with

previous reports of distemper among gray

foxes from other eastern regions of the

United States (Helmboldt and Jungherr,

1955; Moller and Nielsen, 1964; Monson

and Stone, 1976; Jakowski and Wyand,

1971), suggest that canine distemper is a

major, if not the most significant, disease

impacting gray foxes in the entire eastern

United States. Third, the monthly fre-

quency of cases suggested a strong season-

ality of occurrence, with peak occurrence

during the period of January to April. Sim-

ilarly, previous workers have reported ca-

nine distemper among gray foxes (Monson

and Stone, 1976) and dogs (Gorham, 1966)

to exhibit a seasonality of occurrence, be-

ing more frequent during colder months.

Fourth, concurrent toxoplasmosis or cryp-

tosporidiosis can be expected to occur in

some gray foxes with distemper. Second-

ary toxoplasmosis has been reported as a

complication in several species of animals

with canine distemper (Campbell et al.,

1955; Diters and Nielsen, 1978; Budd,

1981), including gray foxes (Helmboldt and

Jungherr, 1955; Moller and Nielsen, 1964).

Cryptosporidiosis also is known to occur

secondarily in animals compromised by

other diseases (Current, 1985). Presumably

these complications in gray foxes resulted

from activation of latent or subclinical par-

asitic infections due to the immunosup-

pressive aspects of distemper virus infec-

tion (Mangi et al., 1976; Kauffman et al.,

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 17 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



32 JOURNAL OF WiLDLIFE DISEASES, VOL. 28, NO. 1, JANUARY 1992

1982), as has been suggested for protozoal

infections in other species with canine dis-

temper (Moller and Nielsen, 1964; Diters

and Nielsen, 1978; Williams et al., 1988).

The two occurrences of vaccine-in-

duced distemper among gray foxes that

apparently had been vaccinated with

modified live-virus vaccines was not un-

expected since previous workers have re-

ported vaccine-induced distemper in gray

foxes (Halbrooks et al., 1981). These cases

illustrate the necessity of utilizing appro-

priate canine distemper vaccines in wild-

life, as previously recommended for gray

foxes (Halbrooks et al., 1981) and other

species (Carpenter et al., 1976; Montali et

al., 1983). In addition, the history of one

vaccine-induced case reiterates that gray

foxes and red foxes respond quite differ-

ently to modified live-virus canine dis-

temper vaccines, as noted by Halbrooks et

al. (1981).

Absence of guard hairs, presumably a

congenital condition, is relatively well

known among free-ranging gray foxes (e.g.,

Allen, 1974; Davidson and Nettles, 1988).

All of our cases with this condition arose

when otherwise normal animals caught by

trappers were submitted for diagnostic ex-

amination. We do not believe this condi-

tion significantly impacts survival. Factors

responsible for the spatial clumping of six

of seven foxes with this condition are not

known, although this pattern would be

compatible with an inherited genetic trait.

The temporal clumping may have been

related to increased trapping effort during

a period of high fur prices in the late 1970’s

and early 1980’s, although this pattern also

would be compatible with a genetic dis-

order.

The detection of rabies among three

foxes was not considered unusual since gray

foxes historically have been one of the most

frequently infected species in the Appa-

lachian highlands and surrounding areas

in the eastern United States (Carey, 1982).

The number of rabid foxes in the south-

eastern United States during the period of

our survey was lower than during earlier

epizootics (Wood, 1954; Wood and Davis,

1959; Lewis, 1966; Carey, 1982); however,

fox rabies is still considered enzootic in

some localities in the region (Carey and

McLean, 1978; Carey, 1982), and rabid

foxes continue to be reported in several

states in the region (Reid-Sanden et al.,

1990).

The remaining causes of morbidity or

mortality were infrequent. Although such

cases may be encountered occasionally,

such as the instance of tick paralysis noted

by Jessup (1979), individually none of them

appear to be significant to gray fox pop-

ulations.

ACKNOWLEDGMENTS

This study was supported through sponsorship
by the fish and wildlife agencies of Alabama,
Arkansas, Florida, Georgia, Kentucky, Louisi-
ana, Maryland, Mississippi, North Carolina,
South Carolina, Tennessee, Virginia, and West
Virginia, and by the Fish and Wildlife Service,
U.S. Department of the Interior. Funds were
administered and research coordinated under
the Federal Aid in Wildlife Restoration Act (50
Stat. 917) and through Contract Numbers 14-
16-0009-82-500, 14-16-0004-83-004, 14-16-0004-
84-005, 14-16-0004-85-007, 14-16-0004-86-910,
14-16-0004-87-910, 14-16-0004-88-903, 14-16-
0004-89-912, and 14-16-0004-90-916 Fish and
Wildlife Service, U.S. Department of the Inte-
rior.

Rabies FA testing was provided by the Geor-
gia Department of Human Resources and the
Centers for Disease Control. The Athens Di-
agnostic Assistance Laboratory, College of Vet-
erinary Medicine, The University of Georgia
provided microbiologic support. For field assis-
tance we thank numerous personnel with the
above sponsoring agencies. Past and present
SCWDS employees also contributed greatly to
this work.

LITERATURE CITED

ALLEN, S. 1974. “Sampson fox”. North Dakota Out-

doors 37: 8-9.

BUDD, J. 1981. Distemper. In Infectious diseases of

wild mammals, 2nd ed., J.W. Davis, L. H. Kar-

stad and D. 0. Trainer (eds.). The Iowa State
University Press, Ames, Iowa, pp. 31-44.

CAMPBELL, R. S. F., W. B. MARTIN, AND E. D.
GORDON. 1955. Toxoplasmosis as a complica-
tion of canine distemper. The Veterinary Record
67: 708-712.

CAREY, A. B. 1982. The ecology of red foxes, gray

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 17 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



DAViDSON Er AL-DISEASES DIAGNOSED IN GRAY FOXES 33

Received for publication 10 April 1991.

foxes, and rabies in the eastern United States.
Wildlife Society Bulletin 10: 18-26.

AND R. C. MCLEAN. 1978. Rabies antibody
prevalence and virus tissue tropism in wild car-

nivores in Virginia. Journal of Wildlife Diseases
14: 487-491.

CARPENTER, J. W., M. J.C. APPEL, R. C. ERICKSON,

AND M. N. NOVILLA. 1976. Fatal vaccine-in-

duced canine distemper virus infection in black-
footed ferrets. Journal of the American Veteri-
nary Medical Association 169: 961-964.

CURRENT, W. L. 1985. Cryptosporidiosis. Journal

of the American Veterinary Medical Association
187: 1334-1338.

DAVIDSON, W. R., AND V. F. NETTLES. 1988. Field
manual of wildlife diseases in the southeastern
United States. Southeastern Cooperative Wildlife
Disease Study, Department of Parasitology, Col-

lege of Veterinary Medicine, The University of

Ceorgia, Athens, Georgia, 309 pp.
DITERS, R. W., AND S. W. NIELSEN. 1978. Toxo-

plasmosis, distemper, and herpesvirus infection

in a skunk (Mephitis mephitis). Journal of Wild-

life Diseases 14: 132-136.

CORHAM, J. R. 1966. The epizootiology of dis-
temper. Journal of the American Veterinary

Medical Association 149: 610-622.

HALBROOKS, R. D., L. J. SWANGO, P. R. SCHNUR-

RENBERGER, F. E. MITCHELL, AND E. P. HILL.

1981. Response of gray foxes to modified live-
virus canine distemper vaccines. Journal of the

American Veterinary Medical Association 179:
1170-1174.

HELMBOLDT, C. F., AND E. L. JUNGHERR. 1955.

Distemper complex in wild carnivores simulating

rabies. American Journal of Veterinary Research

16: 463-469.

HOFF, C. L., W. J. BIGLER, S. J. PROCTOR, AND L.

P. STALLINGS. 1974. Epizootic of canine dis-
temper virus infection among urban raccoons
and gray foxes. Journal of Wildlife Diseases 10:

423-428.

JAKOWSKI, R. M., AND D. S. WYAND. 1971. Listen-

osis associated with canine distemper in a gray
fox. Journal of the American Veterinary Medical
Association 159: 626.

JESSUP, D. A. 1979. Tick paralysis in a grey fox.

Journal of Wildlife Diseases 15:271-272.

KAUFFMAN, C. A., A. C. BERGMAN, AND R. P.

O’CoNNoR. 1982. Distemper virus infection in
ferrets: An animal model of measels-induced im-

munosuppression. Clinical and Experimental
Immunology 47: 617-625.

LEWIS, J. C. 1966. The fox rabies control program
in Tennessee, 1965-66. Transactions of the North

American Wildlife Conference 31: 269-278.

MANGI, R. J.,T. P. MUNYER, S. KRAKOWKA, R. 0.

JACOBY, AND F. S. KANTOR. 1976. A canine

distemper model of virus-induced anergy. The
Journal of Infectious Diseases 133: 556-563.

MOLLER, T., AND S. W. NIELSEN. 1964. Toxoplas-
mosis in distemper-susceptible carnivora. Path-

ologia Veterinaria 1: 189-203.
MoNsoN, R. A., AND W. B. STONE. 1976. Canine

distemper in wild carnivores in New York. New
York Fish and Came Journal 23: 149-154.

MONTALI, R. J., C. R. BARTZ, J. A. TEARE, J. T. AL-

LEN, M. J. C. APPEL, AND M. BUSH. 1983. Clin-
ical trials with canine distemper vaccines in ex-

otic carnivores. Journal of the American
Veterinary Medical Association 183: 1163-1167.

NICHOLSON, W. S., AND E. P. HILL. 1984. Mortality

in gray foxes from east-central Alabama. The

Journal of Wildlife Management 48: 1429-1432.
REID-SANDEN, F. L., J. C. DOBBINS, J.S. SMITH, AND

D. B. FISHBEIN. 1990. Rabies surveillance in

the United States during 1989. Journal of the
American Veterinary Medical Association 197:
1571-1583.

REMINGTON, R. D., AND M. A. SCHORK. 1970. Sta-

tistics with applications to the biological and
health sciences. Prentice-Hall, Inc., Englewood
Cliffs, New Jersey, 418 pp.

WILLIAMS, E. S., E. T. THORNE, M. J.C. APPEL, AND

D. W. BELITSKY. 1988. Canine distemper in

black-footed ferrets (Mustela nigripes) from
Wyoming. Journal of Wildlife Diseases 24: 385-

398.

WooD, J. E. 1954. Investigation of fox populations

and sylvatic rabies in the Southeast. Transactions

of the North American Wildlife Conference 19:
131-139.

AND D. E. DAVIS. 1959. The prevalence of

rabies in populations of foxes in the southern

states. Journal of the American Veterinary Med-
ical Association 135: 121-124.

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 17 Apr 2024
Terms of Use: https://bioone.org/terms-of-use




