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ABSTRACT: Diagnostic findings on 51 red fox-
es (Vulpes vulpes) from the southeastern Unit-
ed States examined from 1967 to 1995 were
reviewed. Etiologic diagnoses included sarcop-
tic mange (n = 33), traumatic injury and asso-
ciated complications (n = 5), suspected canine
distemper (n = 2), capture myopathy (n = 1),
congenital absence of guard hairs (n = 1), in-
tradermal tick infestation (n = 1), otodectic
mange (n = 1), and toxicosis (n = 1). The cause
of morbidity was not determined for three of
the foxes, and three others were classified as
normal animals. Sarcoptic mange was diag-
nosed in 65% of the red foxes, was found in
foxes submitted from four of the eight south-
eastern states represented, and was seen in 19
of 29 yr covered by this study.

Key words: Diseases, mortality factors, red
fox, sarcoptic mange, survey, Vulpes vulpes.

The red fox (Vulpes vulpes) is the most
widely distributed carnivore in the world
(Voight, 1987). Although outnumbered by
gray foxes (Urocyon cinereoargenteus)
throughout much of the southeastern
United States, red foxes are a common in-
habitant of this region and are found in a
variety of habitats (Sheldon, 1992). De-
spite this wide geographic distribution,
only a small amount of published infor-
mation is available regarding mortality fac-
tors in this species and none of the avail-
able reviews cover the southeastern Unit-
ed States.

Necropsy and laboratory records for red
foxes found sick or dead and submitted to
the Southeastern Cooperative Wildlife
Disease Study (SCWDS; College of Vet-
erinary Medicine, The University of Geor-
gia, Athens, Georgia, USA) by personnel
of state or federal wildlife agencies for di-
agnostic examination were reviewed for
the period 1 January 1967 through 31 De-

cember 1995. Whole animals, usually re-
frigerated but sometimes frozen, were
available for examination in most in-
stances; however, in two cases, only the
head or body was submitted. Examinations
were sometimes hampered by postmortem
decomposition or inadequate preservation
techniques; however, such problems hin-
dered reaching a diagnosis in only one of
the cases.

Because necropsies were oriented to-
ward determination of the cause of mor-
bidity or mortality, diagnostic procedures
varied among cases. For histologic exami-
nation, tissues were fixed in 10% neutral
buffered formalin, embedded in paraffin,
sectioned at 5 wm, stained with hematox-
ylin and eosin, and examined microscopi-
cally. Frozen sections of brain were tested
with a fluorescent antibody for rabies virus
(Smith, 1991). Fluorescent antibody test-
ing for canine distemper virus was per-
formed on frozen sections of lung, liver,
stomach, brain, and/or conjunctival swabs
(Appel, 1969).

Data reviewed for each case accession
were the number, sex, and age of animals
involved, location, date, case history, and
major diagnostic findings. An effort was
made to characterize diagnostic findings as
primary or secondary factors. Diseases that
occurred with sufficient frequency were
evaluated for patterns of occurrence rela-
tive to temporal, geographic, and host sex
and age factors. Monthly frequencies of di-
agnoses were evaluated for temporal dif-
ferences using a Chi-square test and the
runs test (Remington and Schork, 1970).
Differences in prevalence among host sex
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and age classes were tested by the G-sta-
tistic (Sokal and Rohlf, 1981).

Over the 29 yr period, 51 red foxes from
eight states were submitted for examina-
tion. Foxes were submitted from through-
out the southeastern United States
(30°15’'N to 39°05'N; 79°30'W to
92°09'W). Most of the foxes were from
Georgia (n = 40); fewer were from Ten-
nessee (n = 3), West Virginia (n = 2), Al-
abama (n = 2), Arkansas (n = 1), North
Carolina (n = 1), South Carolina (n = 1),
and Virginia (n = 1). Male foxes outnum-
bered females (29 versus 19; 3 not record-
ed) and adults outnumbered young (31
versus 18; 2 not recorded). In most cases,
history disclosed that only a single animal
was found; however, in at least three in-
stances, several additional red foxes were
reported sick or dead in the same area as
the individual submitted.

Sarcoptic mange (SM), characterized by
severe dermatitis and the presence of nu-
merous Sarcoptes scabiei mites, was the
most frequent diagnosis and occurred in
33 (65%) foxes (Table 1). Red foxes with
SM were submitted from 21 counties in
four states. Sarcoptic mange was diag-
nosed in 19 of the 29 yr, and in every year
in which more than one red fox was sub-
mitted for examination. The occurrence of
mange cases did not differ significantly
among months (Chi-square = 13.01; df =
11). Calculation of 3-mo moving averages
to smooth the trend of monthly submis-
sions of mange cases produced a seasonal
pattern, with more cases of SM submitted
in the summer and fall. Runs test on raw
data was not significant (P > 0.05), but
runs test on smoothed data by calculation
of 3-mo moving averages approached sig-
nificance (P = 0.05). The prevalence of
mange cases did not differ (P > 0.05) be-
tween sexes (males = 59%, females =
74%) or between young (57%) and adult
(68%) red foxes.

Red foxes with SM were invariably ema-
ciated, often severely. Clinical signs re-
ported in foxes with SM included lack of
fear, weakness, lethargy, incoordination,
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and profound depression. Five of the
mangy red foxes reportedly had contact
with domestic dogs immediately prior to
death. The most prominent gross lesion
was diffuse, marked hyperkeratosis and al-
opecia with severe dermal lichenification.
Numerous S. scabiei mites were found
easily in scrapings of lesions. In most
cases, dehydration and generalized lymph-
adenopathy also were noted.

Histologically, profound parakeratotic
and orthokeratotic hyperkeratosis contain-
ing sarcoptic mites, mite feces, and eggs
were present in most sections. Serocellular
crusts containing degenerate neutrophils,
gram positive bacterial cocci, and occa-
sional yeast overlaid an acanthotic epi-
dermis. Rete ridge formation was promi-
nent and consisted of epidermal pegs ex-
tending into the dermis and dermal pro-
jections towards the skin surface. Cross
sections of adult mites often were found
in close apposition to the stratum basale.
The superficial dermis had marked mast
cell hyperplasia, numerous eosinophils,
and occasional neutrophils. The lymph
nodes of infected foxes were markedly hy-
perplastic with numerous large follicles.

The additional mortality findings were
less common than SM and are summa-
rized in Table 1. The two foxes presump-
tively diagnosed with canine distemper
had characteristic intranuclear inclusion
bodies in epithelial cells, but fluorescent
antibody testing of conjunctival swabs was
negative for canine distemper virus. Both
of these foxes had abnormal neurologic
signs prior to death and both were nega-
tive on fluorescent antibody testing of
brain for rabies virus. One of the two also
had systemic toxoplasmosis; Toxoplasma
gondii tachyzoites, identified presumptive-
ly by recognizing characteristic morpholo-
gy (Gardiner et al., 1988), were found in
alveolar macrophages, Kupffer cells, and
lymph node histiocytes.

Submission of cases was influenced by
many indefinable factors and, as such,
these cases form a biased data set that may
give an erroneous assessment of the rela-
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tive importance of natural mortality factors
in red foxes. Foxes that die of obvious
traumatic lesions might not be submitted
for diagnostic evaluation, whereas those
with remarkable external lesions such as
the diffuse hyperkeratotic dermatitis and
hair loss seen in severe mange cases might
be submitted at a higher rate (Davidson et
al., 1992). Proximity to the SCWDS labo-
ratory apparently also influenced submis-
sions; the majority of cases were submitted
from Georgia.

Despite the influence of bias on sub-
mission of cases, the data indicate SM is a
common diagnostic finding in red foxes in
the southeastern United States, exceeding
all other infectious and non-infectious dis-
eases combined as a diagnosis in dead or
moribund red foxes. This finding agrees
with reports from other areas of North
America. Sixty-seven percent of red foxes
submitted to a diagnostic laboratory from
New Brunswick and Nova Scotia were di-
agnosed with SM (Smith, 1978) and out-
breaks also have been reported in Alberta
(Todd et al., 1981), New York (Stone et al.,
1974), Ohio (Olive and Riley, 1948), Penn-
sylvania (Pryor, 1956), Wisconsin (Trainer
and Hale, 1969), and the midwestern
United States (Gier et al., 1978).

The regular submission of mange cases
over nearly three decades suggests that
SM has been consistently present in red
foxes in this region for some time. How-
ever, the impact of this disease on the sur-
vival of red foxes in the wild is not well
understood. Only one report documents
recovery of affected red foxes in the wild
(Storm et al., 1976). More recent work in-
dicates self-cure can occur in coyotes with
SM (Pence and Windberg, 1994). Experi-
mental infections of red foxes do not pro-
vide any evidence of an ability to recover
spontaneously once disease has developed
(Stone et al., 1972; Morner and Christens-
son, 1984); however, these findings are po-
tentially attributed to the overwhelming
infections established experimentally or
the stress and subsequent immunocom-
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promise induced by captive experimental
conditions.

The significance of SM as a mortality
factor in red foxes in the southeastern
United States is not possible to definitively
determine from this review. The majority
of foxes with SM were intentionally killed
by humans due to their appearance and
compromised condition or by dog attacks
or vehicular collisions. This suggests that
in the southeastern United States where
relatively mild winter weather conditions
exist, mange may not kill red foxes directly,
but could render foxes more susceptible to
traumatic events. In contrast, Scandinavian
red fox experienced a marked reduction in
population following the introduction of
SM (Lindstrom et al., 1994). Overskaug
(1994) showed that infested red foxes were
less active than healthy ones and suggested
that decreased activity could result in both
starvation and relaxed vigilance.

Other infectious diseases were virtually
absent from our review. Canine distemper
was strongly suspected in two cases based
on histologic findings, but was not con-
firmed by fluorescent antibody testing.
The apparent insignificance of canine dis-
temper as a mortality factor in red foxes
stands in sharp contrast to reviews of gray
fox mortality, which show distemper to be
the most important disease affecting gray
foxes in the eastern United States (David-
son et al., 1992). Red foxes and gray foxes
respond quite differently to canine dis-
temper vaccines (Halbrook et al., 1991);
simultaneous vaccination of both species
produced disease in gray foxes and not in
red foxes (Davidson et al., 1992). Interest-
ingly, gray foxes are resistant to infection
with S. scabiei even under experimental
conditions (Stone et al., 1972) and SM is
extremely rare in wild gray foxes (Stone et
al., 1982).

This study was supported through spon-
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Mississippi, Missouri, North Carolina,
Puerto Rico, South Carolina, Tennessee,
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Restoration Act (50 Stat. 917) and through
Grant Agreement 14-45-0009-94-906, Na-
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of the Interior. We thank numerous per-
sonnel with the above sponsoring agencies
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