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ABSTRACT: The clinical response of red foxes (Vulpes vulpes) to the mange mite, Sarcoptes

scabiei, was characterized by infection of five, 4-mo-old red foxes with S. scabiei originally isolated

from a wild red fox. The infected foxes and three uninfected control foxes were monitored with
weekly complete blood counts and biweekly serum chemistry profiles, hypersensitivity tests, and

evahuation of skin biopsies. After 7 wk, the foxes were treated and held free of infection for 2

mo. Six foxes, three previously’ infected and three with no history of exposure, were then infected
with the same isolate of S. scabiei and followed for another 7 wk; two additional previously

infected foxes were held as treatment controls, and two foxes with no history of exposure as naive

controls. All infected foxes developed significant immediate (Type I) hypersensitivity reactions to
a S. scabiei mite extract within 2 wk of exposure and maintained this reaction as long as 4 mo

after clearance of mites. Pronounced mast cell hyperplasia and infiltration with eosinophils were
the earliest inflammatory cell responses noted in biopsy samples from infected foxes and were
maintained throughout infection. Infected foxes also showed significant increases in white blood
cell counts, due primarily to increases in numbers of circulating neutro�hils and eosinophils.

Clinical response, severity of disease, and relative numbers of mites per cm- of skin of previously
infected foxes and foxes undergoing their first infection did not differ. These results show that
red foxes develop strong immediate hypersensitivity reactions to S. scabiei but, tinder our exper-
imental conditions, did not exhibit resistance to reinfection.

Key words: Hypersensitivity, immune response, red fox, Sarcoptes scabiei, sarcoptic mange,
Vulpes vulpes.

INTRODUCTION

Sarcoptic mange caused by the mite

Sarcoptes scabiei is the most frequently di-

agnosed disease in wild red foxes (Vulpes

vulpes) in the southeastern United States

(Little et al., 1998). Outbreaks of mange

in wild red foxes in other areas are well

documented (Olive and Riley, 1948; Pryor,

1956; Trainer and Hale, 1969; Stone et al.,

1974; Gier et al., 1978; Todd et al., 1981).

Experimental infection studies have shown

that red foxes are highly susceptible to de-

veloping sarcoptic mange and that, in the

absence of treatment, infected foxes be-

come extremely debilitated and die within

2 to 3 mo (Stone et al., 1972; M#{246}rner and

Christensson, 1984).

Despite the importance of this disease

to red foxes, characterization of the clinical

response of red foxes infected with S. sca-

biei has not been reported. Furthermore,

descriptions of the histologic changes as-

sociated with infection in red foxes are

limited (M#{246}rner and Christensson, 1984)

and changes over time were not evaluated.

Treatment and release of individual foxes

has been undertaken occasionally during

epizootics of sarcoptic mange in wild canid

populations, as was done during an out-

break in Arctic foxes (Alopex lagopus) in

Sweden in 1986 (M#{246}rner, 1992). However,

no studies have been reported that evalu-

ated the ability of red foxes or other wild

canids to develop immunity to this disease

following treatment. In order to better un-

derstand the effects of sarcoptic mange on

red foxes, a series of experimental infec-

tion trials was conducted in which foxes
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were infected with S. scabiei, treated and

cleared of infection, and then reinfected

with the same strain of mites. A variety of

clinical parameters and skin biopsies were

evaluated periodically from all animals.

MATERIALS AND METHODS

Research animals

Three litters of red fox pups 6 to 8 wk of age
were obtained through state wildlife agencies.
The foxes were housed individually in the lab-
oratory animal facility at the College of Veter-

mary Medicine (The University of Georgia,
Athens, Georgia, USA) in stainless steel dog

kennels, fed free-choice dry and/or canned
commercial kitten food, and provided with
free-choice water for the duration of the study.
All foxes were dewormed with oral fenbenda-
zole (Panacur,#{174} Hoescht-Roussel, Somerville,
New Jersey, USA) and parenteral praziquantel

(Droncit,#{174} Mobay Corporation, Shawnee, Kan-

sas, USA), and vaccinated against canine dis-
temper virus (Fervac�-D, United Vaccines,
Madison, Wisconsin, USA) and canine parvo-

virus (Canine Parvo, Rhone Merieux, Inc., Ath-
ens, Georgia, USA) prior to initiation of the

study.

Maintenance of mite strain

A red fox housed in the laboratory animal
facility at The University of Georgia was in-
fected with S. scabiei from a wild red fox sub-
mitted as a clinical case from Hall County

(Georgia, USA; 34#{176}20’N,83#{176}50’W) by rubbing
sections of mangy skin on the dorsum of the
live donor fox. Mites were identified as S. sca-

biei based on Fain’s (1968) description and rep-
resentative specimens are deposited in the U.S.

National Parasite Collection, (Beltsville, Mary-

land, USA; USNPC No. 87064).

Preparation of S. scabiel extract

A sterile S. scabiei extract was prepared fol-
lowing a protocol modified from Davis and
Moon (1990) for use in hypersensitivity tests on
foxes. Skin sections from the clinical case used
to infect the donor fox were used in a large-

scale mite collection. Several sections of mangy
skin were placed in one side of a glass dish.
The other half of the dish was placed on a slide
warmer at 37 C, which encouraged large num-

bers of mites to migrate out of the crusts over

a period of 24 hr. Freed mites were then col-
lected by pipetting into sterile phosphate buf-

fered saline (PBS), the mixture was inverted
several times to rinse the mites, and the mites
were collected by centnfugation at 1500 X g.

Mites were washed twice more in fresh PBS,

passaged through a dounce homogenizer, and
then sonicated. The resultant solution was pas-
saged through a 0.45 � filter and stored in ali-
quots at -20 C. Protein concentration was es-
timated by spectrometric absorptivity (Warburg
and Christian, 1942), and the solution was di-
luted to 50 �g/mL with sterile saline.

Hypersensitivity testing

Hypersensitivity’ tests were performed as
previously described (Muller et al., 1989) using
the prepared mite extract and commercially

available sterile saline as a negative control and

histamine as a positive control (Greer Labora-

tories, Lenoir, North Carolina, USA). Com-
mercially available house dust mite antigen

( Greer Laboratories) also was used due to
shared antigens between S. scabiei and dust
mites (Arlian et al., 1988, 1991). All foxes were
sedated with 2 mg/kg ketamine and 10 mg/kg
xylazine delivered by intramuscular injection
prior to injection of test solutions. The fur was

clipped closely from an approximately 6 by 12-
cm area of skin over the right thorax, and four
injection sites 2.5 cm apart were marked with

an indelible marker. Intradermal injections
(0.05 ml) ofeither saline, histamine, house dust
mite antigen, or sterile mite extract were made
below each mark. Injection sites were exam-
med at 15 mm after antigen administration for

immediate hypersensitivity reactions, and at 24,
48, and 72 hr for delayed hypersensitivity re-

actions. Reactions were measured with a ruler
to the nearest mm. To minimize variability, the
same individual performed all injections and
measurements of resultant reactions.

Experimental design

The donor fox with sarcoptic manage was eu-
thanatized and 1 .5 cm2 pieces of skin contain-
ing mites in hyperkeratotic crusts were excised.

Thirty-two skin sections were combined and
randomly assorted into groups of four pieces
each. Three groups of four pieces were com-
pletely digested by gently heating in 10% po-

tassium hydroxide (KOH). The digested mate-
rial was suspended in 1 L of water with 0.1%
Triton-X, and the number of mites present in
a 20-mL aliquot was determined by calculating

the average of three counts performed with the

aid of a dissecting microscope. Remaining skin

sections were held in groups of four on 5.08-
cm2 gauze sponges overnight at 4 C. Foxes
were infected by applying the gauze sponge
with adherent skin sections to a shaved area on

the dorsum for approximately 3 hr. After ap-

plication, skin sections were collected and fro-
zen at -20 C. Sections were later thawed, di-
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FICURE I. Schematic of experimental design

tuse(l in infection trial. In the first phase of the ex-

perimental trial, five foxes were infected with S. sea-

hiei and three were mnomuitored as unimifected controls.

After 7 wk, all foxes were treated. Eight wk later, six

foxes, three previously infected and three naive, were

infected with the same straimi of miiite. Two previously

infected were held as treatmemut controls, and an ad-

ditional t\t’() foxes were added to the sttmdy as naive

controls. After 7 wk, all foxes �s’ere killed an(l coin-

pIety m1ecrOp5� performed

gested in 10% KOH, diluted and aliquoted as

described above, and the number of mites re-

maiming determined. Approximate innoculum

size was calculated as the difference between
the mean number of mites present pre- and
post-application of skin sections.

Experimental design is summarized in Fig-
tire 1. In the first trial, five, 4-mo-old foxes

were infected as described above, and three co-
hort foxes were held as naive controls. An ad-
ditional fox also was infected with mites to

serve as a donor for the reinfection trial. Pres-

ence of mites was confirmed by skin scrapings
every 2 wk during infection. After 7 wk of in-
fection, both infected and control foxes were

treated with 400 p.g/kg subcutaneous ivermec-

tin (Ivomec#{174} 1% Injection for Cattle, MSD-

AgVet, Rahway, New Jersey, USA); treatment
was repeated in 2 wk. The foxes were held for
8 wk free of infection as determined by com-

plete resolution of skin lesions and repeated

negative skin scrapings. Six foxes, three previ-

ously-infected and three naive animals, were

then infected with the original strain of mites
from the second donor fox using the same pro-

tocol as described for initial infection. Two pre-
viously-infected foxes were held and monitored

as treatment controls, and two additional co-
hort foxes were included as naive controls. All
foxes were clinically monitored for another 7

wk of infection and then killed.

602 JOURNAL OF WILDLIFE DISEASES, VOL. 34, NO. 3, JULY 1998

Clinical monitoring of foxes

�2 � Physical examination was performed on each
�:: fox prior to infection and once weekly there-
, R.k*ct.d after. Data recorded on each fox included rectal

temperature, body weight, extent of lesion de-
velopment, and result of microscopic exami-

nation of skin scrapings. Blood samples were
collected by jugular venipuncture once weekly
into vacutainer tubes containing either EDTA
or no preservative. Whole blood samples were
submitted each week to the Clinical Pathology
Laboratory (College of Veterinary Medicine,
The University of Georgia, Athens, Georgia,
USA) for complete blood counts. Serum sam-
ples were submitted biweekly to the same lab-

oratory for serum chemistry profile. Complete
blood counts included determination of the fol-
lowing parameters: hematocrit, red blood cell

count, hemoglobin concentration, mean cor-
puscular volume, mean corpuscular hemoglo-

bin, mean corpuscular hemoglobin concentra-
tion, platelet count, total white blood cell
count, and leukocyte differential. Senim chem-
istry profile included determination of the fol-

lowing analytes: urea nitrogen, creatinine, total
protein, albumin, alkaline phosphatase, alanine
aminotransferase, glucose, sodium, potassium,
chloride, bicarbonate, anion gap, calcium, and

phosphorus. Serum globulin levels were cal-

culated by subtracting albumin from total pro-
tein. Reference ranges for complete blood
count and serum chemistry profile analytes
were determined by repeated testing of blood

samples from eight normal red foxes previously
housed in the laboratory animal facility at The
University of Georgia. The range was estab-
lished at two standard deviations (SD) above or
below the mean value for each analyte or cell
typ e considered.

Hypersensitivity tests were performed hi-

weekly as described above. One, 6-mm skin bi-
opsy was collected from affected skin of each

fox every two weeks. Each biopsy was halved

and placed in 10% buffered formalin. After
overnight fixation, biopsy specimens were em-
bedded in paraffin, sectioned at 3 aim, mount-

ed on microscope slides, and sections of each
biopsy stained with either hematoxylin and eo-

sin or Giemsa. Sections were examined for

changes in histologic appearance of skin and
presence of inflammatory cells.

Complete necropsy examination was per-
formed on each fox. A 1.5-cm square of skin
from the site of innoculation was excised and
stored frozen at -20 C. Skin sections were later

thawed, completely digested by heating with
10% KOH, and the total number of mites pres-
ent in each section determined as described
above, except that digested material was dilut-
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ed in a total volume of 250 ml of water with
0.1% Triton-X. Sections of tissue collected into

10% buffered formalin for histologic examina-
tion included brain, lung, trachea, heart,
tongue, esophagus, stomach, duodenum, jeju-

num, ileum, large intestine, pancreas, liver,

spleen, prescapular lymph node, inguinal
lymph node, sublumbar lymph node, kidney,
adrenal gland, gonad, and multiple sections of

skin. Tissues were processed routinely, stained

with hematoxylin and eosin or Giemsa and ex-

amined microscopically.

Analyses of data

Mean and standard error (SE) for body
weight, rectal temperature, hypersensitivity re-

actions, each serum chemistry analyte, and
each complete blood count parameter were
calculated for the control group and the in-
fected group during the first infection, and for
the control group, the infected group, the rein-
fected group, and the treated group during the
second infection. Differences in these values
among control, infected, reinfected, and treat-

ed groups were evaluated with the univariate
repeated-measures analysis using the repeated

statement for SAS (SAS Institute, Inc., Cary,
North Carolina; Sokal and Rohif, 1981). Mean

and standard deviation were calculated for mite
numbers for sections of skin from each donor

fox, from previously naive foxes, and from pre-
viously infected foxes. Differences in mite
numbers between groups were evaluated using

a t-test (SigmaStat for Windows Version 1.0,
Jandel Corporation, Chicago, Illinois, USA).
For all tests, significance was considered at P
<0.05.

RESULTS

The innoculum of S. scabiei, as deter-

mined by examination of sections of skin

from the donor fox, contained an average

of 8,292 ± 818 (SD) mites in all life stages,

and did not differ significantly between

first- and second-infection trials. After 1 to

3 hr of application, skin samples contained

2,763 ± 301 mites during the first infec-

tion, and 2,781 ± 225 mites during the

second. By inference, approximately 5,500

mites transferred to each fox during infec-

tion and reinfection. Adult mites were

found in scrapings from affected skin of all

exposed foxes from 1 to 3 wk after expo-

sure until treatment or euthanasia in both

first- and second-infection trials, respec-

tively. Progressive lesions developed in all

foxes, with crusting and alopecia gradually

spreading from the site of inoculation to

involve most of the body by 4 wk after in-

fection. Mites were not present in skin

scrapings of any foxes 2 wk after the first

treatment with ivermectin, in any foxes

prior to reinfection, or in naive control fox-

es or treatment control foxes at any time

in the study. Body temperature in infected

foxes was not different from control foxes

at any point during infection, although two

infected foxes developed generalized der-

mal hyperemia in the fifth week of their

first infection. Infected foxes did not differ

in body weight compared to control foxes

during first or second infection.

After 7 wk of infection and reinfection,

extensive lesions covered much of the

body of both previously infected and pre-

viously naive foxes. The lesions consisted

of severe hyperkeratosis and lichenifica-

tion. Relative infection levels ranged from

178 to 4,578 mites per cm2 skin, and mean

infection intensities did not differ signifi-

cantly between previously infected (1,982

± 1331) and previously naive (404 ± 118)

foxes.

Red blood cell parameters were not sig-

nificantly different between infected and

uninfected foxes (Fig. 2). Total white

blood cell count increased significantly in

infected foxes (P < 0.05) but not in rein-

fected foxes (P 0.07), and remained

within the reference range for both naive

control and treatment control animals

(Fig. 3). The increase in white blood cell

count was due to increases in both circu-

lating neutrophils and eosinophils, with

eosinophils increasing earlier in infection

than neutrophils (Fig. 3). Serum chemistry

analytes did not differ significantly among

groups.

Foxes developed positive immediate hy-

persensitivity reactions to S. scabiei extract

within 2 wk of infection and maintained

this reaction as long as 4 mo after treat-

ment (Fig. 4). Repeated measures analysis

showed that the immediate hypersensitiv-

ity reaction to S. scabiei extract was signif-

icantly larger than in naive control foxes in
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FIct;iit: 2. Hematocrit and numbers of circulating red blood cells in control, infected, treated, and rein-

fected red foxes. Brackets about values represent 2 SE.

the infected group during the first trial,

and in the infected, reinfected, and treated

groups during the second trial. This reac-

tion progressively increased with duration

of infection (time-treatment interaction P

= 0.025). Immediate hypersensitivity re-

actions to dust mite antigen was not sig-

nificantly larger in infected foxes during

the first (P = 0.08) or second (P = 0.07)

infections. Foxes did not develop delayed

hypersensitivity reactions to any of the an-

tigens at the 24, 48, or 72 hr time points

examined at any time during the study.

Skin biopsies collected 2 wk after infec-

tion showed parakeratotic and orthokera-

totic hyperkeratosis, acanthosis, mast cell

hyperplasia, and infiltration of the super-

ficial dermis with eosinophils and neutro-

phils. Lymphocytes and plasma cells were

occasionally noted in most sections and in

some biopsies were the dominant cell

type. Hyperkeratosis and epidermal hyper-

plasia intensified as infections progressed

leading to the formation of epidermal pegs

extending deep into the dermis by the

fourth week of infection. Hyperplasia of

mast cells in the superficial dermis also be-

came more pronounced, and focally in-

tense areas of eosinophil infiltrations were

present in the superficial dermis. The epi-
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Time post-infection (weeks)

FIGURE 4. Development of the responses of control, infected, treated, and reinfected red foxes to intra-

dermal injections of saline, histamine, drust mite antigen, and Sarcoptes scabiei extract. Brackets about values

represent 2 SE.
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FIGURE 6. Photomicrograph of skin section of a

red fox after 4 wk of iuifection with Sarcoptc.s scabici

showing acanthotic epidermis and cross-sections of

mites (arrows) within hvperkeratotic cruust. II&E. Bar= 100 �,tuii.
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FIGURE 5. Photomicrograph of skin section of a

red fox after 6 wk of infection with Sarcoptes .scabzez

showing pronounced mast cell (arrows) hvperplasia.

(;iemsa stain. Bar = 40 l.u.m.

dermis had subcorneal and intraepidermal

pustules filled with eosinophils and, occa-

sionally, neutrophils. In the fourth and

sixth weeks of both initial and reinfection

exposures, marked hyperkeratosis, intense

mast cell hyperplasia, and fibroplasia of

the superficial dermis were the dominant

changes (Fig. 5). Foci of lymphocytes and

plasma cells were evident in the superficial

dermis of some infected foxes but were

not consistently found in skin samples

from either the first or second infections.

Cross-sections of mites were visible within

the hyperkeratotic crust of most sections

examined (Fig. 6). Both naive and treat-

ment control foxes had normal, thin epi-

dermis with occasional mast cells adjacent

to superficial dermal vessels.

The lymph nodes of infected foxes were

markedly hyperplastic with numerous

prominent reactive follicles. Large num-

bers of eosinophils and neutrophils were

present in sinuses of the lymph nodes and

spleen. One fox had severe scrotal der-

matitis and associated bilateral testicular

atrophy characterized histologically as tes-

ticular degeneration with hyalinized tu-

bules, depletion of germinal and Sertoli

cells, and complete absence of sperm from

epididymal tubules . Endogenous lipid

pneumonia characterized by multifocal ag-

gregates of macrophages filled with foamy

lipid material was present in two infected

foxes and one naive control fox. Mild en-

cephalitis with glial nodules and mononu-

clear perivascular cuffing was noted in

three infected foxes and one treatment

control fox.
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DISCUSSION

The red foxes in this study failed to de-

velop resistance to reinfection by S. scabiei

and remained fully susceptible to recur-

rence of sarcoptic mange. These findings

stand in contrast to work done with S. sca-

biei in other species. Experimental work

on human subjects found that 40% devel-

oped immunity to reinfection with S. sca-

biei; in those persons who were reinfected,

mite numbers were much reduced from

initial infection (Mellanby, 1944). Sixty-

five percent of rabbits cleared of initial in-

fection developed significantly reduced

levels of infection upon subsequent expo-

sure to mites, a difference attributed to

cell-mediated immunity (Arlian et al.,

1994). Seven of eight dogs (88%) prey-

ously infected with sarcoptic mange spon-

taneously cleared a subsequent infection

(Arlian et al., 1996).

The results of this study indicate that

these red foxes did not establish an effec-

tive immune response against S. scabiei

under our experimental conditions. Al-

though the low number of foxes included

in the reinfection trial may have prevented

the detection of significant development of

resistance, the discrepancy between the

two treatment groups in mean numbers of

mites per cm2 skin at the end of the study,

even with the high degree of variation,

suggests that resistance to reinfection was

not exhibited in these animals. Failure to

detect resistance to reinfection in this

study also may be due to the dose of mites

used to challenge previously infected fox-

es. In similar work with dogs, more than

3,000 mites were used for initial infection,

but only 1,000 mites for the reinfection tri-

al in which immunity was demonstrated

(Arlian et al., 1996). Rabbits that exhibited

immunity were infected and challenged

with approximately 1,000 mites (Arlian et

al., 1994), and humans with an unspeci-

fied, but apparently low, number of mites

(Mellanby, 1944). Our study challenged

previously infected foxes with approxi-

mately 5,500 mites, an exposure level po-

tentially high enough to overwhelm any

acquired defense mechanisms.

During both first and second infections

with S. scabiei, foxes developed an infiam-

matory leukogram characteristic of chronic

suppurative disease with a marked eosin-

ophilia. These changes in white blood cell

profile, as well as the decreasing trend in

packed cell volume and red blood cell

count, are in agreement with results seen

in dogs infected with sarcoptic mange (Ar-

han et al. , 1995b). Although wild, S. sca-

bies-infected coyotes had no measurable

shift in white blood cell differential when

compared to uninfected coyotes from the

same area (Pence et al. , 1983), confound-

ing factors inherent to wild populations

may have prevented detection of signifi-

cant differences . Significant differences

were not apparent in serum biochemistry

values of infected foxes in our study, a

finding in agreement with work done in

dogs (Arlian et al., 1995b).

All foxes infected in this study devel-

oped strong immediate hypersensitivity re-

actions to S. scabiei mite extract and main-

tamed this reaction as long as 4 mo after

treatment and complete resolution of din-

ical signs. These results resemble those

found in pigs (Davis and Moon, 1990),

with the exception that no delayed hyper-

sensitivity reactions were detected in any

foxes at any point during first or second

infection. Our findings of only immediate

hypersensitivity reactions are in agreement

with the histopathologic appearance of

skin lesions, which demonstrated that al-

though mixed inflammatory cells were

present in the lesions, mast cells and eo-

sinophils indicative of immediate hyper-

sensitivity reactions predominated through-

out infection as compared to lymphocytes

and macrophages of delayed hypersensitiv-

ity (Tizard, 1992).

The use of S. scabiei extract produced

more reliable immediate hypersensitivity

results than that of the antigenically-relat-

ed dust mite preparation. Sarcoptes scabiei

and the house dust mites, Dermatopha-

goides farinae and D. pteronyssinus, share
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antigenic epitopes (Falk et al., 1981; Arlian

et al., 1988, 1991), and 71% of rabbits im-

munized with Dermatophagoides spp. ex-

hibited resistance to infection with S. sca-

biei (Arlian et al., 1995a). However, the

equivocal responses of infected and pre-

viously infected red foxes to dust mite an-

tigen in this study are similar to reports

that dust mite antigen is not reliable in

testing dogs for exposure to S. scabiel

(Schwartzman, 1977).

The marked mast cell hyperplasia and

infiltration with eosinophils and neutro-

phils seen in these foxes parallels the der-

mal changes reported from wild foxes with

sarcoptic mange (Little et al., 1998). This

study also revealed that lesions associated

with sarcoptic mange in red foxes are not

limited to the skin. The lymphoid hyper-

plasia in all foxes, and the testicular de-

generation seen in one fox, were consid-

ered to be results of severe S. scabiei in-

fection. Wild red foxes with sarcoptic

mange almost invariably have generalized

lymphadenopathy (Little et al., 1998). In

other studies, lymphadenopathy occurred

in more than 27% of dogs with scabies

(Folz, 1984) and was reported in a dog

with severe, crusted scabies (Anderson,

1981). Testicular degeneration due to scro-

tal acariasis has been reported in a ram

with chorioptic mange (Rhodes, 1976) and

presumably is caused by increased scrotal

temperature due to acanthosis of the over-

lying epidermis. The development of tes-

ticular degeneration indicates that sarcop-

tic mange may be able to hinder repro-

duction of red foxes directly as well as in-

directly by affecting behavior (Overskaug,

1994).

Recrudescence of sarcoptic mange was

not detected in treated foxes at any point

during the 4-mo period evaluated. Both

gross and histologic appearance of skin of

treated foxes returned to normal, as did

levels of circulating white blood cells.

These results confirm that, in the absence

of subsequent exposure, ivermectin treat-

ments as suggested by others (Berge and

Smeds, 1984; Scheidt et al., 1984) are ef-

fective at eliminating both the infection

and the lesions produced in red foxes with

sarcoptic mange. Nevertheless, a strong

immediate hypersensitivity reaction to S.

scabiei mite extract persists as long as 4 mo

after resolution of clinical disease.

The severity of disease produced in ex-

perimentaJly infected red foxes in this

study and others (Stone et al., 1972; M#{246}r-

ner and Christensson, 1984), together with

the demonstrated predominance of im-

mediate hypersensitivity reactions and the

failure of red foxes to exhibit resistance to

reinfection, suggest that red foxes may not

be able to mount an appropriate immune

response to infection as compared to other

experimentally infected species. This in-

ability to develop immunity may explain

the apparent devastating effect of infection

on individual wild red foxes and on red fox

populations ( M#{246}rner, 1992). However,

these findings do not preclude the ability

of wild red foxes in a natural setting to

spontaneously clear low-grade infections

as reported by Storm et al. (1976) or to

develop protective immunity.
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