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A 2-year-old male fennec fox presented with a 4 month history of nonpruritic, crusty skin lesions on the forehead,
the pinnae and the tail tip.

Initial investigations, including routine haematology, biochemistry profile, multiple skin scrapings, trichoscopic
examination, Wood's lamp examination and fungal culture, failed to reveal any abnormalities. Histopathological
examination of a first set of skin biopsies showed an interface dermatitis pattern, with lymphocyte infiltration in
the basal layer, a significant lymphocytic exocytosis and occasional apoptotic basal epidermal keratinocytes; peri-
odic acid Schiff stain did not reveal any fungal elements. On further biopsies, there was a pustular neutrophilic
dermatitis, with numerous crusts containing high numbers of arthrospores and fungal hyphae. Trichophyton
mentagrophytes infection was confirmed on fungal culture and PCR.

The fennec fox received oral itraconazole (5 mg/kg once daily for 6 weeks) combined with a miconazole and
chlorhexidine shampoo applied on affected areas once weekly, followed with an enilconazole dip. The fox
improved dramatically, and a fungal culture performed at 6 weeks was negative. Unfortunately, a few days later
the fennec fox developed anorexia, icterus and died.

To the authors’ knowledge, this is the first report of Trichophyton infection in a fennec fox and, although a post-
mortem examination was not performed, this is possibly the first report of fatal acute liver failure associated with

itraconazole in a canid.

Introduction

The fennec fox (Vulpes zerda) is a small nocturnal fox found
in the Sahara desert, classified into the family Canidae of
the order Carnivora. The fennec fox is the smallest species
of Canidae in the world; coat, ears and kidney functions
have adapted to a high-temperature, low-water and desert
environment. The fennec fox's fur is prized by the indige-
nous peoples of North Africa, and in some parts of the
world the animal is considered an exotic pet. Fennec foxes
are in Appendix |l of the Convention on International Trade
in Endangered Species of Wild Fauna and Flora (CITES) and
considered threatened in the wild. There is little reported
in the veterinary literature regarding disease conditions
of fennec foxes; therefore, new information regarding
medical conditions in this species is of particular interest.

Case report

A 2-year-old, 1200 g, male fennec fox (Vulpes zerda) pre-
sented with a 4 month history of nonpruritic, crusty skin
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lesions on the forehead, the pinnae and the tail tip. He
lived in a private zoo with a female, who did not have any
skin lesions at the time of the consultation. There was a
previous history of similar lesions on the bridge of the
nose and the pinnae, which had not responded to empiri-
cal systemic griseofulvin and topical enilconazole
4 months previously. No other health problems were
reported by the zoo keeper. Routine haematology and bio-
chemistry profile had been unremarkable. The fennec was
hospitalized in an individual kennel, and precautions were
taken to avoid direct and indirect contact with other ani-
mals. A clinical examination did not reveal any abnormali-
ties. Dermatological examination revealed alopecia and
moderate erythema on the convex aspect of the pinnae
and the ear margins. Numerous yellow crusts and large
scales were additionally present (Figure 1); underneath
these, the skin was bright and slightly exudative. Similar
lesions, though less severe, were noted around the eyes,
on the tail tip and on the bridge of the nose (Figure 2).

The initial differential diagnoses included parasitic
infestations (demodicosis, leishmaniosis), infectious
dermatitides (dermatophytosis, bacterial pyoderma), pri-
mary cornification disorder (sebaceous adenitis), pemphi-
gus complex and, less likely, cutaneous lymphoma.

Multiple skin scrapings and trichoscopic examination
failed to reveal any mites or fungi. Wood's lamp examina-
tion and fungal cultures (carpet square method) were
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Figure 1. Close view of the convex aspect of the pinna. Numerous
yellow crusts and large scales are present.

negative. Microscopic examination of Diff-Quick stained
impression smears revealed neutrophils with a few acan-
tholytic cells and numerous coccoid bacteria. Oral cefa-
lexin (Therios 60; Laboratoire Sogeval, Laval, France)
20 mg/kg twice daily was prescribed for 3 weeks, but
lesions failed to improve. The fennec fox was then anaes-
thetized with isoflurane (ISOFLO 100%; Axience SAS,
Pantin, France; induction via induction chamber and main-
tenance via facemask). Four 6-mm-punch biopsy samples
were obtained from pinnal lesional skin and submitted for
histopathological examination. There was epidermal regu-
lar acanthosis, laminated hyperkeratosis and mild multifo-
cal spongiosis. An interface dermatitis with lymphocyte
infiltration was observed in the basal layer. A significant
lymphocytic exocytosis and occasional apoptotic basal
epidermal keratinocytes were also present (Figure 3). In
the dermis, a widespread interstitial infiltrate was mainly
composed of plasma cells and macrophages. The specific
periodic acid Schiff staining did not reveal any fungal
elements.

Skin biopsies were collected 1 month later, with the
same anaesthetic protocol. The histopathological findings
were completely different. There was a pustular neutro-
philic dermatitis with numerous crusts containing high
numbers of arthrospores and fungal hyphae. The pres-
ence of fungal elements was confirmed with periodic acid
Schiff staining (Figure 4).

Fungal culture of scales and crusts was also repeated
and showed a growth of 10 colonies after 1 week. The
colonies had a creamy appearance and a powdery
surface. Irregularly shaped and sized macroconidia with
three to nine septa, pear-shaped or more elongated
microconidia attached at right-angles along the sides of
hyphae and numerous coiled spirals were observed
microscopically, allowing the identification of Trichophy-
ton mentagrophytes. This diagnosis was confirmed by
sequencing, using fungus-specific universal primers to
amplify the ITS1 region [ITS1 (5-TCCGTAGGTGAACC
TGCGG-3); ITS2 (5-GCTGCGTTCTTCATCGATGC-3")]."
The PCR product was then sequenced in an ABI-
PRISM3100 (Applied Biosystems, Foster City, CA, USA).
One sequence of 330 bp was obtained and compared
against the CBS database (http://www.cbs.knaw.nl/
collections/BioloMICSSequences.aspx?file=all), confirm-
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Figure 2. Alopecia and crusty lesions on the bridge of the nose.

Figure 3. First set of skin biopsies. Photomicrograph showing epi-
dermal regular acanthosis, laminated hyperkeratosis and interface
dermatitis with lymphocytic exocytosis; haematoxylin and eosin
stain.

ing the diagnosis of Trichophyton mentagrophytes (var.
erinacel) infection (99.05% of identities with the best-
match sequence—accession number 677.86).

Although data regarding epidemiology and therapy
were lacking for fennec foxes, a fair prognosis was given
and therapy was started, based on recommendations for
dogs, i.e. combining systemic and topical treatments.
Itraconazole was given orally at 5 mg/kg once daily
(Itrafungol; Lilly France SA, Suresnes, France) for
6 weeks. A miconazole and chlorhexidine shampoo
(Malaseb shampoo; Dechra Veterinary Products SAS,
Suresnes, France) was applied on affected areas once
weekly, followed by an enilconazole dip (Imaveral; Lilly
France SA, Suresnes, France).

A good clinical improvement, with evidence of hair
regrowth, was obtained. A fungal culture performed at
6 weeks was negative. Fungal medication was then
stopped. Unfortunately, a few days later, the fennec fox
developed anorexia and jaundice. Liver failure was
confirmed on the biochemistry profile by elevation of
alanine aminotransferase (>1000 Ul/L; reference range
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Figure 4. Second set of skin biopsies. High-power photomicrograph
showing high numbers of arthrospores and fungal hyphae in the stra-
tum corneum; periodic acid Schiff stain.

35-162 Ul/L), alkaline phosphatase (2040 Ul/L; refer-
ence range 16-142 Ul/L) and total bilirubin (221 pmol/L;
reference range 1.7-5.1 umol/L). Despite intravenous
fluid infusion, the fennec fox deteriorated and died. The
body could not be obtained for postmortem examination.

Discussion

This case illustrates the challenging diagnosis of Tricho-
phyton dermatophytosis and the difficulty in selecting
therapeutic protocols for exotic animals due to lack of
data. Mycological culture remains the most reliable tech-
nique for confirming dermatophytosis.? In this case, the
carpet square method proved ineffective on its own to
collect fungal spores, which were located in the superfi-
cial layers of the stratum corneum but not widespread in
the haircoat. It would have been preferable to collect
crusts and scales, which might have increased fungal cul-
ture sensitivity. Moreover, the histopathological examina-
tion failed to show arthrospores or hyphae in the
samples, even after careful re-examination of the slides
once a definitive diagnosis had been established.
Although histopathological examination is less sensitive
than fungal culture, most of the time this technique is effi-
cient and useful to reveal fungal infection. In Trichophyton
infection, fungal arthrospores and hyphae are often diffi-
cult to observe and far less numerous than in Microspo-
rum canis infection.® Alternatively, the very few fungal
elements contained in the most superficial layers of the
skin (crusts and scales) could have detached during for-
malin fixation.

The first biopsy series showed an interface dermatitis
pattern on histopathological examination. This particular
presentation without observation of fungal elements
introduced confusion. The histopathological features of
dermatophytosis commonly consist of suppurative
luminal folliculitis, sometimes associated with furunculo-
sis.>* Much less frequently, acantholysis can be associ-
ated with dermatophytosis, which both clinically and
histologically resembles superficial pemphigus. This has
been mainly reported with Trichophyton spp. and Micro-
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sporum persicolor, which preferentially colonize the epi-
dermal surface keratin.®® Acantholysis is ascribed to
keratinases and other proteolytic enzymes produced by
the fungi.® Acantholytic keratinocytes were observed on
the initial cytological examination, most probably caused
by the concurrent bacterial infection, but acantholysis
was not confirmed on histopathology. In very few cases,
dermatophytosis shows as an interface-like dermatitis,
with an inflammatory reaction restricted to the superficial
dermis and the follicular wall. In dogs, a case series of
Trichophyton infections was described, and in all four
cases, histopathological findings suggested an immune-
mediated disease and more specifically, pemphigus ery-
thematosus, combining an acantholytic intraepidermal
pustular dermatitis and a severe epidermal and follicular
interface dermatitis.® More recently, in a retrospective
study of 16 cases of dermatophytosis due to M. persicol-
or, a lichenoid interface dermatitis was present in all 10
cases that were biopsied.’® This pattern seems to be
more common in Trichophyton and in M. persicolor (for-
merly named Trichophyton persicolor) infections. Tricho-
phyton spp. could be less adapted to the host and hence
induce a more intense cell-mediated immune response
than the better adapted M. canis.®"'~"3

Dermatophytes are usually identified on the basis of
macroscopic and microscopic characteristics of fungal
colonies obtained on specific media.? Molecular biology
techniques, such as RT-PCR, can be used successfully
with high specificity and sensitivity." Nevertheless, this
method remains a research tool. The PCR test requires a
preliminary fungal culture and isolation of dermatophytes
from the very numerous contaminants found in pets and
wild animals. In a previous study, PCR test permitted the
distinction between two different species of T. mentagro-
phytes complex: Arthroderma benhamiae and Arthroder-
ma vanbreuseghemii.'* The first type seemed to be more
common in guinea pigs and the second type in cats and
dogs with outdoor living conditions in rural areas.'® In the
present case, the PCR test did not permit the distinction
between the two species. Nevertheless, the macro-
scopic and microscopic features were most consistent
with A. benhamaiae.

No bibliographic data are available concerning
treatment of dermatophytosis in the fennec fox.
Systemic itraconazole in a liquid form seemed to be most
appropriate, considering its greater safety than ketoco-
nazole?'® and its ease of administration. With regard to
the topical therapy, the skin was carefully dried after each
application to minimize stress, hypothermia and possible
oral intake. Itraconazole is believed to carry a lower risk of
hepatic toxicity than ketoconazole. In humans, hepatic
failure caused by itraconazole is very rare.’”'® Acute liver
failure due to itraconazole is not reported in dogs. Post-
mortem examination could not be performed, leaving
uncertainty about itraconazole toxicity causative of the
death of the fennec fox. To the best of our knowledge, in
addition to being the first report of dermatophytosis in a
fennec fox, although a complete postmortem examina-
tion could not be performed, this is possibly the first
report of fatal acute liver failure caused by itraconazole in
a canid species.
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Un renard fennec male de 2 ans présente des lésions cutanées cro(iteuses, non prurigineuses sur la téte,

les pavillons auriculaires et I'extrémité de la queue.

Les premiers examens comprenant une hématologie de routine, un profil biochimique, de multiples
raclages cutanés, un trichogramme, un examen a la lampe de Wood et une culture fongique n'ont révélé
aucune anomalie. Un examen histopathologique d'une premiére série de biopsies cutanées a montré une
dermatite d'interface, un infiltrat lymphocytaire de la couche basale, une exocytose lymphocytaire significa-
tive et d’occasionnels kératinocytes apoptotiques épidermiques basaux; une coloration a |'acide périodique
de Schiff n'a révélé aucun élément fongique. Sur des biopsies supplémentaires, on observait une derma-
tite pustuleuse neutrophilique avec de nombreuses crolites contenant un grand nombre d'arthrospores et
d’hyphes fongiques. La culture fongique et une PCR ont permis de confirmer une infection a Trichophyton

mentagrophytes.

L'animal a regu de I'itraconazole oral (5 mg/kg une fois par jour pendant 6 semaines) associé a des sham-
pooings de miconazole et de chlorhexidine appliqués sur les zones atteintes une fois par semaine puis suivi
de bain d'énilconazole. Une amélioration considérable a été observée et une culture fongique réalisée
aprés 6 semaines était négative. Malheureusement, aprés quelques jours, le fennec est devenu anorexi-

que, ictérique et n'a pas survécu.

A la connaissance des auteurs, ceci est le premier rapport d'une infection a Trichophyton chez un renard
fennec et bien qu'aucun examen postmortem n'ait été réalisé, ceci est probablement la premiére fois
qu'une insuffisance hépatique aigue fatale associée a l'itraconazole est rapportée chez un canidé.

Resumen

Un fenec macho de 2 anos se presentd con una historia de 4 meses de lesiones no pruriginosas de la piel y
con costras en la frente, los pabellones auriculares y la extremidad de la cola.

Las investigaciones iniciales, incluyendo hematologia rutinaria, perfil de bioguimica sanguinea, raspados
multiples de la piel, examen tricoscépico, examen con ldmpara de Wood y cultivo de hongos no revelaron
ninguna anormalidad. El examen histopatolégico de un primera toma de biopsias de la piel demostré un
patron de dermatitis de interfase, con infiltracion de linfocitos en el estrato basal de la epidermis, exocitosis
importante de linfocitos y algunos queratinocitos basales en apoptosis; la tincion acida periddica de Schiff
no desvelo la presencia de hongos. En nuevas biopsias se observé una dermatitis neutrofilica con pustulas,
y en las costras habia un elevado nimero de artrosporas y de hifas de hongos. Se confirmé una infeccién
por Trichophyton mentagrophytes mediante cultivoy PCR.
El fenec recibio itraconazol oral (5 mg/kg una vez al dia durante 6 semanas) combinado con un champu de
miconazol y de clorhexidina aplicado en areas afectadas una vez a la semana, seguido de una inmersion en
enilconazol. El animal mejord draméaticamente, y un cultivo de hongos realizado a las 6 semanas fue nega-
tivo. Desafortunadamente, algunos dias después el fenec desarrolld anorexia, icterus y murié al poco

tiempo.
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A nuestro entender este es el primer informe de infeccion por Trichophyton en un fenec y aunque la autop-
sia no fue realizada, éste posiblemente sea el primer caso de fallo hepéatico agudo asociado con el trata-
miento con itraconazol en un canido.

Zusammenfassung

Ein 2-Jahre alter ménnlicher Wistenfuchs wurde mit der Anamnese einer bereits 4 Monate andauernden
Erkrankung vorgestellt, die sich in Form von juckenden, krustigen Hautverdnderungen an der Stirn, an den
Pinnae und an der Schwanzspitze dulerte.

Mit den anfanglichen Untersuchungen, bestehend aus routineméfiger Hamatologie, Biochemie, multiplen
Hautgeschabseln, trichoskopischer Untersuchung, Untersuchung mit der Wood Lampe und Pilzkultur
konnten keine Abweichungen gezeigt werden. Die histopathologische Untersuchung der ersten Hautbiop-
sien zeigte das Muster einer Interface Dermatitis, mit einer Lymphozyteninfiltration in die Basalschicht,
einer signifikanten Lymphozytenexozytose und gelegentlichen apoptotischen basalen epidermalen Kerati-
nozyten; mittels einer Periodic-acid Schiff Farbung konnten keine Pilzelemente gefunden werden. Auf wei-
teren Biopsien zeigte sich eine pustulése neutrophile Dermatitis mit zahlreichen Krusten, die eine hohe
Zahl an Arthrosporen und Pilzhyphen beinhalteten. Eine Trichophyton mentagrophytes Infektion wurde mit-
tels Pilzkultur und PCR bestatigt.

Der Wustenfuchs erhielt Itrakonazol (5 mg/kg einmal taglich fir 6 Wochen) per os in Kombination mit
einem Mikonazol-Chlorhexidin Shampoo, welches einmal wochentlich an den betroffenen Stellen verwen-
det wurde. Danach wurde ein Enilkonazol Dip aufgetragen. Es folgte eine dramatische Verbesserung und
eine weitere Pilzkultur, die 6 Wochen spater durchgefthrt wurde, war negativ. Unglicklicherweise
entwickelte der Wistenfuchs wenige Tage danach Anorexie und lkterus und verstarb.

Nach dem besten Wissen der Autoren handelt es sich hierbei um den ersten Bericht einer Trichophyton
Infektion bei einem Wustenfuchs. Obwohl keine Sektion durchgefthrt wurde, handelt es sich hierbei
moglicherweise um den ersten Bericht eines fatalen akuten Leberversagens im Zusammenhang mit Itrako-
nazolverabreichung bei einem Caniden.
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