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Preface and acknowledgements

Much has occurred in the world of veterinary dermatol-
ogy and veterinary dermatopathology since the publi-
cation of Veterinary Dermatopathology: A Macroscopic
and Microscopic Evaluation of Canine and Feline Skin
Disease in 1992. Since then, four additional world con-
gresses devoted to our specialty discipline, many text-
books, an exponential explosion of publications in
refereed journals, and international listservs have added
substantially to the body of knowledge.

We elected to change the name of this book to Skin Dis-
eases of the Dog and Cat: Clinical and Histopathologic
Diagnosis to more accurately reflect the scope of the
content and the goals of this text. Pathogenesis, clinical
and histopathologic description, and clinical and
histopathologic differential diagnosis have all been
expanded to reflect the growth of our discipline. This
book sees the addition of over three dozen new inflam-
matory diseases alone, as well as numerous neoplastic
entities. We also introduce our new co-author, Verena
Affolter, the principal author of the chapters describing
mesenchymal neoplasia.

As in the first book, inflammatory diseases are grouped
by histologic pattern. However, since histopathologic
classification usually reflects changes observed clinically,
clinically relevant groupings often result. The authors
have striven to present information in a diagnostically rel-
evant way for clinicians and pathologists alike. Etiopatho-
genesis (where known), clinical features, and the
histopathologic lesions are described for each disease;
methods of optimal biopsy are included for inflammatory
diseases as well.

Classification systems for skin tumors were established
early in veterinary pathology with sporadic additions of
newer entities over the years. Standardized international
nomenclature was adopted over 25 years ago, and the
long-awaited, revised World Health Organization classi-
fications were published in 1998. The authors are grati-
fied that these new WHO fascicles incorporated many of
the changes in terminology proposed in the first edition
of Veterinary Dermatopathology. New information has
warranted the extensive revision and expansion of the

chapters covering neoplastic diseases, including the addi-
tion of immunohistochemical diagnosis. Much of the
enhanced precision with which neoplastic lesions are cat-
egorized as to cell of origin or path of differentiation
reflects the application of immunohistochemistry for cell
markers. This is especially true for single cytokeratin
markers and hematopoietic cell markers, many of which
have become readily available for use on formalin-fixed
tissue only in the past few years. The failure of many
immunohistochemical reagents developed for use in
humans to stain specimens from other animal species con-
tinues to be a source of frustration; the authors are
hopeful that the development of additional clones or
animal-specific clones will allow continued advances.
This new book also expands relevant information on
analogous tumors from the human dermatopathology
literature. The authors believe that comparative der-
matopathology is an invaluable tool for the understand-
ing of pathogenesis, the recognition of new diseases, and
the advance of research.

It is well to remember that nomenclature is man-made
and diseases are biologic aberrations; there will always be
lesions that refuse to fit neatly into any given classification
system. Large gaps in our knowledge certainly still exist.
It is precisely those gaps that the authors hope will serve
as inspiration for current and future colleagues to engage
in continued critical thinking, clinical studies, and research
in the field of dermatology and dermatopathology.

We owe David Lloyd a special tribute as we consider
him to be the initial force behind this book. His constant
encouragement and early contact with Blackwell Publish-
ing helped initiate the launch of this project. The authors
thank Danny Scott, Bill Miller, and Craig Griffin for pro-
viding the 6th edition of Muller & Kirk’s Small Animal
Dermatology. Our task was made much easier by having
available such a complete and well-referenced textbook.
The authors also thank Michael Goldschmidt and Fran
Shofer for providing numeric data in such an easily acces-
sible format in Skin Tumors of the Dog & Cat.

As for the first edition, we thank M. Donald McGavin
for his role as photomicrographic mentor. His talents are
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vi Preface and acknowledgements

unequaled and we can hope to have achieved only some
semblance of his proficiency in these pages.

We are indebted to the dermatologists and pathologists
from around the world who gave generously of their
clinical photographs, tissue blocks, and knowledge on
our behalf. We offer special thanks to Thierry Olivry,
Jan Declercq, and Ann Hargis for their unselfish gifts
of time, case material, and opinions. Thierry Olivry
contributed substantially as a reviewer of Chapter 2 in
his capacity as expert in the field of autoimmune subepi-
dermal bullous diseases, and Jan Declercq provided
excellent clinical photographs for many diseases as well
as blocks and slides of uncommon diseases for histo-
pathologic study. We would be remiss not to single
out Zeineb Alhaidari, Kim Boyanowski, Didier Carlotti,
Jacques Fontaine, Amy Grooters, Richard Malik, Peter
Moore, Claudia Nett, Manon Paradis, Helen Power,
Michelle Rosenbaum, Danny Scott, Sheila Torres, Carlo
Vitale, and Stephen White for their invaluable assistance.
In addition, we thank our many other colleagues,
too numerous to mention individually, who responded
graciously via the VetDerm listserv to our global plea

for material about uncommon, rare, or regional skin
diseases.

The authors thank IDEXX Veterinary Services for
support through funding of slide preparation for pho-
tomicrography and Ron Hedriek and his laboratory for
allowing generous access to their photomicrographic
equipment. We thank Laura Wilson for technical excel-
lence and artistry in the digitization of all of the
clinical slides used in the preparation of this book, and
Tom De Lucia and Ben Wong for black and white
photographic support. We thank Eric Elerath, Penny
Atkinson, Karl and Sarah Schwendinger, and Jana
Jefferson for technical histopathologic support. We thank
Jeremy Johnson for his able assistance in proofreading.
Lastly, we thank Blackwell Publishing and Antonia
Seymour for believing that there continues to be a place
for specialty books such as this.

Thelma Lee Gross
Peter |. Ihrke
Emily ]. Walder
Verena K. Affolter
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SECTION ONE

INFLAMMATORY, DYSPLASTIC,
AND DEGENERATIVE DISEASES






PART I

Diseases of the Epidermis



Chapter 1

Pustular diseases of the epidermis

Pustular diseases are characterized by the formation of
pustules in the epidermis and may range from subcorneal
to panepidermal. Pustules result from breakdown in the
integrity of the keratinocytes by spongiosis or acantholy-
sis, as well as the accumulation of inflammatory cells
that migrate from the underlying dermal vasculature in
response to superficial infectious agents or epidermal
damage. Pustules may be discrete or poorly defined, and
may contain neutrophils, eosinophils, and acantholytic or
apoptotic keratinocytes.

IMPETIGO

Clinical features (Figures 1.1 and 1.2)

Impetigo is a common canine bacterial skin disease char-
acterized by superficial nonfollicular pustules. As in other
forms of canine pyoderma, Staphylococcus intermedius is
the primary pathogen. Underlying causes usually are not
documented in the most common form of impetigo pre-
senting in prepubescent and pubescent dogs. However,
inflammation secondary to fecal debris, urine scalding,
hair coat matting, and ectoparasitism may enhance sus-
ceptibility; poor environmental hygiene or poor nutrition
may be contributory. A much less common bullous form
of impetigo, sometimes seen in conjunction with under-
lying immunosuppression, is most frequently observed in
older dogs.

The pathogenesis of impetigo may involve staphylo-
coccal exfoliative toxins, as seen in human bullous
impetigo (Prevost et al., 2003). These toxins may also
be involved in exfoliative staphylococcal infections
such as superficial spreading pyoderma (see p. 6).
Exfoliative toxins have recently been identified in dogs
with staphylococcal pyoderma (Terauchi et al., 2003).
Interestingly, desmoglein 1 is the target of both exfolia-
tive toxins of staphylococci and the antibodies of pem-
phigus foliaceus in humans (Amagai et al., 2000),
which explains morphologic similarities in lesions.
Other nonstaphylococcal bacteria such as Pseudomonas
spp., Enterobacter spp., and Escherichia coli occasionally
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may be the primary pathogens in bullous impetigo (Ihrke,
1996).

The primary lesions of canine impetigo in young dogs
are nonfollicular pustules. Pustular contents vary from
creamy white to yellow. Since intact pustules are fragile
and rupture readily, yellowish crusts adherent to mildly
erythematous papules may be the predominant clinical
feature. Peripheral epidermal collarettes may remain as an
additional ‘footprint’ of pyoderma. Follicular pustules
have central protruding hairs in contrast to the inter-
follicular pustules of impetigo; a hand lens is useful for
differentiation. Differentiation is important clinically
since impetigo responds more readily to therapy than
superficial folliculitis. Occasionally, a small number of fol-
licular pustules (folliculitis) may coexist with impetigo;
however, either impetigo or folliculitis will predominate
clinically. Impetigo is seen predominantly in the glabrous
or sparsely-haired regions of the groin and axillae in
young dogs. Partial bilateral symmetry is common. Pru-
ritus, if present, is mild and lesions are non-painful and
otherwise asymptomatic.

In bullous impetigo of older dogs due to underlying
immune suppression, pustules are larger and range from
5 to 15mm in diameter. These pustules are flaccid and
may span multiple follicles. Pustular contents can vary
from white to yellow or even light green. Unusual color
in a pustule indicates the likelihood of a less common
Gram-negative bacterial infection, and thus warrants bac-
terial culture. Bullous impetigo is seen most frequently
with naturally occurring or iatrogenic hyperglucocorti-
coidism, but has also been seen in conjunction with dia-
betes mellitus, hypothyroidism, lymphoid neoplasia, and
other debilitating diseases associated with immunosup-
pression. This subgroup of impetigo usually begins in the
glabrous regions of the groin and axillae, but is much
more likely to generalize than the impetigo seen in young
dogs. Pruritus is uncommon.

Canine impetigo is seen most commonly in prepubes-
cent and pubescent dogs. Impetigo of adult or senile onset
is uncommon and suggests underlying disease. Breed or
sex predilections have not been noted.
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Fig. 1.1 Impetigo of the ventral abdomen of a pubescent dog. Note
the multiple crusted papules and the sparse intact pustules.

Clinical differential diagnoses for impetigo of young
dogs include early onset flea allergy dermatitis and super-
ficial folliculitis. Pruritus should be evident even with mild
flea allergy dermatitis, in contrast to the relatively mild or
absent pruritus of impetigo. In folliculitis, the pustules are
oriented around hairs and their follicles, rather than
between them as in impetigo of young dogs. An uncom-
mon variant of pemphigus foliaceus characterized by
intermittent waves of truncal pustules, ranging from 2 to
10mm in diameter, can mimic bullous impetigo of adult
dogs.

Fig. 1.2 Bullous impetigo of the ventral abdomen of a Boxer with
hyperadrenocorticism. A single large, intact, asymmetrical pustule is
surrounded by an erythematous halo. The nipple exhibits calcinosis
cutis.

Fig. 1.3 Impetigo in a dog. Note the
large, discrete subcorneal pustule with
subjacent mild spongiosis.

Biopsy site selection

Skin biopsy specimens should be obtained from intact
pustules, if available. Crusted papules are not ideal as they
represent pustules in advanced stages of degeneration.

Histopathology (Figure 1.3)

The typical microscopic lesion is a discrete subcorneal or
intragranular pustule that is composed predominantly of
neutrophils. Generally, pustules are elevated above the
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epidermal surface and are located between hair follicles.
In bullous impetigo, broader pustules span one or two
hair follicles. Spongiosis often occurs beneath pustules;
mild separation of keratinocytes (acantholysis) may be
present at the base, or there may be a few intrapustular
acantholytic cells. Rarely, there is marked acantholysis,
mimicking pemphigus foliaceus (see p. 13). Pustules
become crusts as inflammatory cells degenerate, and new
stratum corneum often develops at the base of these older
lesions. The epidermis is mildly to moderately acanthotic.
A bacterial stain often reveals Gram-positive cocci within
pustules. Stains are useful diagnostically only if the
pustule is intact, as any ruptured pustule may develop sec-
ondary bacterial colonization.

The dermis has superficial perivascular to interstitial,
mixed inflammation with neutrophils predominating.
Mild to moderate dermal edema is common. There may
be concurrent folliculitis (see Chapter 16).

The principal differential diagnosis is pemphigus foli-
aceus, particularly in the case of bullous impetigo, or
when acantholysis is prominent. Acantholysis usually is
absent or minimal in impetigo and intact pustules reveal
bacteria, in contrast to the sterile intact pustules of pem-
phigus foliaceus. In pemphigus foliaceus, immunoglobu-
lin and frequently C3 may be found in the intercellular
spaces of the epidermis and often superficial follicular
epithelium with immunofluorescence or immunohisto-
chemical testing (see p. 13). Clinical differentiation may
be required if acantholysis is severe and/or if immunohis-
tochemical or immunofluorescence testing is negative or
not performed.

(Synonym: exfoliative pyoderma)

Clinical features (Figures 1.4 and 1.5)

Superficial spreading pyoderma is a superficial bacterial
skin disease seen commonly in the dog and rarely in the
cat. Staphylococcus intermedius is the primary pathogen,
as in other forms of pyoderma. Superficial spreading pyo-
derma may be seen alone or more commonly in conjunc-
tion with superficial bacterial folliculitis (see Chapter 16).
Exfoliative toxin has been isolated from strains of Staphy-
lococcus intermedius from dogs with pyoderma; the iso-
lated toxin caused exfoliation of the skin of dogs and
other species (Terauchi et al., 2003). Similar toxins have
also been recovered from pigs with exudative epidermitis,
an exfoliative Staphylococcus hyicus infection (Tanabe et
al., 1996), and are recognized in staphylococcal scalded
skin, a severe form of exfoliative staphylococcal infection
in humans (Prevost et al., 2003). Superficial spreading
pyoderma frequently occurs secondary to other underly-
ing diseases such as canine atopic dermatitis and other

Fig. 1.4 Superficial spreading pyoderma in a dog. Two asymmetri-
cal erythematous macules have slight peripheral collarettes.
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Fig. 1.5 Superficial spreading pyoderma in the glabrous skin of the
ventral abdomen of a dog. A large collarette peels peripherally from
the border of the erythematous macule.

allergic skin diseases. In humans, there is a high preva-
lence of certain staphylococcal superantigens on the skin
of patients with atopic dermatitis (Mempel et al., 2003).
Recently, staphylococcal superantigens with marked T
cell blastogenesis potential have been isolated from
Staphylococcus intermedius strains obtained from canine
pyoderma (Hendricks et al., 2002). The marked inflam-
mation and pruritus seen with canine superficial spread-
ing pyoderma in the setting of atopic dermatitis may be
due to superantigen production from inappropriate
staphylococcal bacterial colonization in susceptible dogs.
Frequent localization of lesions to the glabrous intertrig-
inous regions of the groin and axillae suggests that
anatomic factors leading to moisture, heat retention, and
frictional micro-trauma may be contributory to bacterial
overgrowth and infection (Ihrke, 1996).

The more florid form of superficial spreading pyo-
derma, seen most commonly in the Shetland Sheepdog,
usually is idiopathic; a breed predisposition to coloniza-



tion by exfoliative toxin-producing staphylococci is pos-
sible. A cat with chronic feline immunodeficiency virus
(FIV) infection presented with antibiotic-responsive
lesions that clinically were strikingly similar to canine
superficial spreading pyoderma (Radowicz, S., personal
communication, 2003).

Erythematous macules enlarge centripetally from tiny
transient pustules and create expanding coalescing ery-
thematous rings. At the margins of the expanding macules,
superficial keratin layers lift and peel peripherally forming
distinctive collarettes with well-demarcated borders. Indi-
vidual macules commonly achieve diameters of 1 to 2.5
cm. Subtle central crusting may be present. Expanding
macules with peripheral collarettes impinge upon each
other creating irregular arciform patterns that resemble
interconnecting ripples. In well-haired areas, alopecia
may occur in ring-like patterns within the confines of the
macules. Postinflammatory hyperpigmentation marks the
site of previously active lesions. Lesions often are confined
to the glabrous skin of the ventrum, but may be more gen-
eralized on the trunk. Pruritus is variable and may not
correlate with the magnitude of erythema. Superficial bac-
terial folliculitis may occur in conjunction with superficial
spreading pyoderma; one of the two syndromes usually
predominates (Ihrke & Gross, 1994) (see Chapter 16). A
particularly striking subgroup of combined superficial
spreading pyoderma and superficial folliculitis occurs
predominantly in Shetland Sheepdogs. In this highly char-
acteristic subgroup, individual coalescing collarettes ema-
nating from sheet-like exfoliation may reach 5c¢m in
diameter, leading to widespread truncal alopecia.

Age, breed, or sex predilections have not been reported.
Shetland Sheepdogs, Border Collies, Australian Shep-
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herds, and Collies may be predisposed to exceptionally
florid lesions.

The expanding macules with peripheral coalescing col-
larettes of superficial spreading pyoderma are distinctive
and visually striking. Generalized truncal exfoliation may
be seen initially with thyroid hormone supplementation,
but is not accompanied by macules, papules, erythema, or
collarettes. Clinical differential diagnoses for lesions with
peripheral epidermal collarettes include superficial bacte-
rial folliculitis, pemphigus foliaceus, erythema multi-
forme, and sterile eosinophilic pustulosis. If pruritus and
self-trauma are marked, lesions may be considerably less
diagnostic and may resemble flea allergy dermatitis or
dermatophytosis. History, clinical features, distribution of
lesions, and often response to appropriate therapy allow
definitive diagnosis.

Biopsy site selection

Specimens for skin biopsy should be obtained from the
advancing edge of the collarette. Biopsy of the central
region of an erythematous macule is less likely to yield
diagnostic results. If pustules are present, they also should
be sampled. When performing the skin biopsy, care
should be taken not to dislodge the scale present at the
margin of the epidermal collarette since this material is
most likely to yield a definitive diagnosis.

Histopathology (Figures 1.6 through 1.8)

The microscopic appearance is variable and is highly
dependent on the stage and site of lesions obtained for
biopsy. Because lesions evolve rapidly in an outward
direction, it may be difficult to obtain a diagnostic biopsy.

Fig. 1.6 Superficial spreading pyo-
derma in a dog. A large spongiotic
pustule is loosely organized in the
superficial epidermis.
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In less optimal specimens, such as those obtained from
the center rather than the advancing periphery, epidermal
lesions may be absent, making differentiation from
chronic dermatitis difficult.

The most characteristic epidermal lesions, obtained
from the periphery of an advancing collarette, consist of
small, loosely organized and spongiotic, superficial epi-
dermal pustules that rapidly form crusts, accompanied by
lifting of the overlying stratum corneum from the epider-
mal surface. Occasionally, the lifting of the stratum
corneum predominates and subjacent epidermal inflam-

Fig. 1.7 Dunstan’s blue line charac-
terized by dark subcorneal deposits
of degenerating cellular debris. Note
lifting of stratum corneum.

Fig. 1.8 Dunstan’s blue line. Degen-
erating nuclear debris, fragments of
keratin, and numerous small cocci
(arrows) are intermingled at the
advancing edge of a pustule. Note the
elevated stratum corneum.

mation is subtle; however, a close search usually reveals
small crusts within the stratum corneum. The lifted
stratum corneum is generally of basketweave appearance.

Gram-positive cocci may be seen within superficial
layers of keratin and may be accompanied by granular
basophilic cellular debris, collectively referred to as
‘Dunstan’s blue line’. In cases of minimal inflammation,
staphylococci may be distributed in exfoliating keratin in
a looser pattern. Lifting of keratin is evident above or just
adjacent to the blue line, and this corresponds to the
peripheral scaling, or advancing epidermal collarette, seen



clinically. In this respect, lesions of superficial spreading
pyoderma resemble those of very early exudative epider-
mitis, a Staphylococcus hyicus infection seen in pigs. Early
macroscopic skin lesions of scaling in gnotobiotic pigs
correspond to microscopic splitting of the keratin layer
and superficial colonization by staphylococci (Lloyd,
D.H., Allaker, R.A. & Gross, T.L., unpublished data,
1986). The exfoliative lesions also resemble those of
staphylococcal scalded skin in man, from which staphy-
lococcal exotoxins have been isolated, although the
canine lesions are clinically not as severe.

The dermis has a superficial perivascular to interstitial
admixture of neutrophils, plasma cells, lymphocytes,
eosinophils and mast cells. Neutrophils may predominate
in some lesions. Mild to moderate dermal edema is
common (see Chapter 9).

In the cat with clinical lesions resembling superficial
spreading pyoderma (see above) there were large sub-
corneal pustules that dipped into superficial hair follicles.
Mild acantholysis was seen, as in impetigo (see p. 4). The
stratum corneum was lifted, but blue line formation was
not observed. Dermal inflammation was more severe than
observed in dogs, and neutrophils and eosinophils were
prominent.

Differential diagnoses include impetigo and impetig-
inization due to self-trauma from pruritus. Ichthyosis and
exfoliation due to thyroid hormone supplementation also
must be considered for lesions in which inflammation is
subtle. Pustules of superficial spreading pyoderma are
rarely as discrete as those of impetigo and do not confine
themselves as neatly to the subcorneal space. Lesions of
impetiginization found in chronic hyperplastic dermatitis
due to allergy (see Chapter 7) are compact neutrophilic
crusts, often admixed with parakeratosis or hyperkerato-
sis, and sometimes accompanied by erosion; frank pus-
tules usually are not seen and lifting of the stratum
corneum is not a feature. Lifting of the stratum corneum
is a feature of ichthyosis and thyroid hormone supple-
mentation; the lifted keratin is of lamellar rather than
basketweave appearance in ichthyosis, but of normal bas-
ketweave appearance in thyroid hormone supplementa-
tion. Careful searching usually will reveal small crusts
within the stratum corneum of lesions of superficial
spreading pyoderma, in contrast to the noninflamed
stratum corneum of ichthyosis and exfoliation due to
thyroid hormone supplementation.

CANDIDIASIS

Clinical features (Figures 1.9 and 1.10)

Candidiasis is a very rare fungal disease reported in dogs
and cats that is caused by species of the genus Candida.
Although Candida albicans is the most commonly
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Fig. 1.9 Perioral candidiasis in an elderly Poodle with superficial
necrolytic dermatitis.

Fig. 1.10 Closer view of Fig 1.9. Dark crusts and tenacious mucoid
deposits adhere to erosions and mat the surrounding hair.

reported pathogen, many other species have been identi-
fied as causative agents in individual cases. Candidiasis
usually is seen as an opportunistic infection secondary to
underlying immunosuppressive or debilitating systemic
disease (Greene & Chandler, 1998). Reported initiators
include hyperadrenocorticism, diabetes mellitus, hypothy-
roidism, cancer, inherited defects of the immune system,
and immunosuppressive drug therapy. Disruption of
normal barrier function and factors that disturb the
normal endogenous microflora may contribute.

Ulcers and erosions are coated with adherent, tena-
cious, foul-smelling gray exudate. The oral mucosa,
mucocutaneous junctions and distal extremities are the
most frequently involved sites. Lesions also may be seen
in the external ear, perineum, nares, vulva, scrotum, and
glabrous intertriginous skin. Pruritus and pain are vari-
able but may be intense. Canine Candida pododermatitis
may involve single or multiple paws and is characterized
by erythema, oozing, pruritus, and pain (Carlotti & Pinn,



10 Diseases of the epidermis

1999). In all forms of candidiasis, secondary bacterial
invasion may contribute to morbidity, pruritus, and pain.

Sex or breed predilections have not been noted. Can-
didiasis may be seen more frequently in adult and elderly
animals with immunosuppression or debilitation as con-
tributing factors.

Clinical differential diagnoses reflect the site affected.
Mucosal and mucocutaneous lesions may mimic auto-
immune skin disease (pemphigus vulgaris, bullous
pemphigoid, systemic lupus erythematosus), other im-
munologic diseases (erythema multiforme, epidermolysis
bullosa acquisita), epitheliotropic lymphoma (mycosis
fungoides), uremic stomatitis, and superficial necrolytic
dermatitis. Cutaneous lesions may mimic pyotraumatic
dermatitis, and intertriginous candidiasis must be differ-
entiated from bacterial intertrigo. As a further complica-
tion, candidiasis may occur secondary to any of the
diseases mentioned above, especially if immunosuppres-
sion is present. Stained smears from exudate demonstrat-
ing blastoconidia and pseudohyphae are a diagnostic aid,
but definitive diagnosis cannot be made without biopsy
and culture.

Biopsy site selection

Intact crusted lesions should be selected. Care should be
taken to leave crusts attached to the specimens. The
pathology service should be instructed to include any sep-
arated crusts in the slide preparation. Ulcers should not
be sampled alone since an intact epidermis or mucosa may
be essential for the identification of organisms in tissue.

Histopathology (Figures 1.11 and 1.12)

Microscopic findings consist of moderate to severe,
superficial epidermal pustulation, generally composed of
neutrophils. Large areas of surface pustulation and
serocellular crusting with parakeratosis may be present;
discrete small pustules generally are not seen. Subjacent
spongiosis is often prominent. Secondary erosion and
ulceration are common. Intact epidermis is moderately
acanthotic.

Discovery of yeast and pseudohyphae or hyphae of
Candida species in superficial crusts or pustules is critical
diagnostically. Organisms may be found on routine exam-
ination with hematoxylin and eosin (HE), but are more
obvious with the use of periodic acid-Schiff (PAS) stain
which reveals brilliant magenta, oval-shaped, budding
yeast, measuring 3 to 4um in diameter, as well as tangled
pseudohyphae. Inflammation and yeast colonization may
extend to superficial hair follicles (Scott et al., 2001).

Dermal inflammation is superficial perivascular to
interstitial, and mixed, and includes a prominent com-
ponent of neutrophils, with mixtures of lymphocytes,
plasma cells and macrophages. Dermal edema is variable
but is usually mild to moderate.

The pustular and crusting inflammation of candidiasis
is reminiscent of superficial spreading pyoderma but is
generally more severe. Discovery of yeast is required for
definitive diagnosis. Superficial pustular dermatophytosis
may resemble candidiasis. It may be difficult to differen-
tiate pseudohyphae and hyphae of candidiasis from
hyphae of dermatophytic origin. The concurrent presence
of budding yeast indicates likely candidiasis; however,

Fig. 1.11 Candidiasis in a dog. A
B large superficial pustule is accompa-
“.  nied by marked epidermal edema.
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culture is required for definitive differentiation. Candidi-
asis can complicate superficial necrolytic dermatitis;
lesions compatible with superficial necrolytic dermatitis
(see Chapter 4) should be searched for in specimens with
superficial yeast colonization.

SUPERFICIAL PUSTULAR
DERMATOPHYTOSIS

(Synonym: keratin-colonizing dermatophytosis)

Clinical features (Figure 1.13)

Superficial pustular dermatophytosis is an uncommon,
predominantly facially-oriented skin disease seen occa-
sionally in the dog. It is caused by keratin-colonizing der-
matophytes that affect the surface stratum corneum or
superficial follicular keratin preferentially over hair. A
similar but even more rare syndrome is seen in cats. The
zoophilic dermatophyte Trichophyton mentagrophytes is
isolated in most reported cases. Trichophyton mentagro-
phytes var. erinacei may be the most common ker-
atinophilic dermatophyte seen in the dog (Fairley, 2001).
The European hedgehog is the natural host for Tri-
chophyton mentagrophytes var. erinacei, which has been
reported to cause facially-oriented dermatophytosis in
dogs in Europe, Great Britain, and New Zealand (Fairley,
2001). However, other dermatophytes (Trichophyton ter-
restre, Microsporum persicolor, and Epidermophyton
floccosum) also have been cultured less frequently.

This syndrome is distinct from most cases of dermato-
phytosis. Clinically it mimics facially oriented autoim-
mune skin disease, and histologically it is characterized in
part by superficial neutrophilic pustules, sometimes with

Fig. 1.12 Candida sp. in superficial

- keratin (periodic acid-Schiff).

Fig. 1.13  Superficial pustular dermatophytosis in a dog. Lesions are
bilaterally symmetric affecting both the haired skin and the planum
nasale of the muzzle. (Photograph courtesy A.A. Stannard.)

acantholysis. It has been theorized that in humans and in
dogs, acantholysis results from complement-mediated,
transepidermal neutrophilic chemotaxis, as well as prote-
olytic enzymes secreted by the dermatophyte (Poisson
et al., 1998). Also, these dermatophytes may be less well
adapted to canine and feline hosts, and thus induce a
more florid cell-mediated response (Parker & Yager,
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1997). Superficial pustular dermatophytosis has also been
seen occasionally as a more generalized disease in dogs
with severe systemic illness that may have been immuno-
suppressed: these dogs have shown a poor response to
therapy. Severe, generalized superficial pustular dermato-
phytosis has been reported secondary to pituitary depend-
ent hyperadrenocorticism (Chen & Su, 2002).

Clinical features include pustules that rapidly rupture,
giving rise to inflamed erythematous papules and plaques
with copious adherent crusts. Intact pustules, when
present, vary in size from 1 to S mm. Larger pustules may
be asymmetric and not completely circular. Erosions and
ulceration may be present. Lichenification, alopecia, and
hyperpigmentation occur rapidly with chronicity. Lesions
gradually extend into adjacent normal skin. Rarely,
similar lesions have been seen in cats.

The most common site of involvement is the face,
including the dorsal and lateral muzzle, and the perior-
bital region. Unlike other facial dermatophyte infections,
the planum nasale may occasionally be affected. Bilateral
symmetry is common with facial orientation. Other
regions of the body may be affected. Pawpads and the
margins of pawpads may be affected in dogs with super-
ficial necrolytic dermatitis (see Chapter 4).

The Fox Terrier and Manchester Terrier may be at
increased risk. Three of four affected dogs reported
recently from New Zealand were Bull Terriers
(Fairley, 2001). Age and sex predilections have not been
noted.

Clinical differential diagnoses include facially-oriented
autoimmune skin diseases such as pemphigus foliaceus
and pemphigus erythematosus, demodicosis, and other
dermatophyte infections. In contrast to facially-oriented
autoimmune skin disease, superficial pustular dermato-

phytosis usually does not violate the planum nasale and
alter the normal cobblestone appearance. Facial superfi-
cial pustular dermatophytosis is much more likely to be
bilaterally symmetric than demodicosis. Dermatophyte
culture and skin biopsy are recommended for definitive
diagnosis.

Biopsy site selection

Intact pustules should be sampled if present. If only
chronic crusted lesions remain, care should be taken to
include the crusts. The pathology service should be
instructed to process any nonadherent crusts.

Histopathology (Figures 1.14 and 1.15)

This form of dermatophytosis is characterized by super-
ficial epidermal pustules. Although most often small, they
may be large and broad, resembling those of pemphigus
foliaceus. The degree of acantholysis is relatively mild in
most cases, but in some canine cases it may be prominent.
Superficial pustular dermatophytosis with minimal to no
acantholytic cells has been seen in cats. There is variable,
sometimes severe, hyperkeratosis of the epidermis and
superficial hair follicles; keratin is colonized by dermato-
phytic spores and hyphae. Organisms may be difficult to
identify with hematoxylin and eosin (HE), and are best
found using periodic acid-Schiff (PAS) or Gomori’s
methenamine silver (GMS) stains. These demonstrate
typical magenta (PAS) or black (GMS) dermatophytic
hyphae and spores within keratin of the epidermis and
hair follicles, sometimes in small numbers, but often
numerous. In dogs, the dermatophytes very rarely invade
hair shafts, leading to the alternate designation of this

Fig. 1.14 Superficial pustular der-
matophytosis in a cat. Note broad
subcorneal pustule.
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Fig. 1.15 High magnification of superficial pustular dermatophy-
tosis in a cat. Keratin-colonizing dermatophytes are within a follic-
ular ostium adjacent to the edge of a superficial pustule (periodic

acid-Schiff).

form of dermatophytosis as ‘keratin-colonizing dermato-
phytosis’. In cats, typical invasion of hair shafts usually is
present and organisms are generally easier to see, even on
HE evaluation (see Chapter 16).

There may be hyperkeratosis without inflammation in
rare biopsy specimens, notably in cats. Dermatophytes
may be sparse in these cases; careful search using a PAS
or GMS stain, if necessary, should always be made, par-
ticularly when obtained from a cat with scaling or alope-
cia reported as clinical findings.

Superficial dermal inflammation is perivascular to inter-
stitial, and includes neutrophils and mixed mononuclear
cells. In some canine cases there may be a band-like
pattern of dermal inflammation, including lymphocytes
and plasma cells, that may be either lichenoid (without
basal cell damage) or interface (with basal cell damage;
see Chapters 3 and 11) (Parker & Yager, 1997). Inflam-
mation often extends to the wall of the hair follicles
(mural folliculitis; see Chapter 18). In addition, pustular
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Fig. 1.16 Pemphigus foliaceus in a cat. Note symmetrical crusting
and alopecia. (Photograph courtesy A.C. Mundell; case material
University of California, Davis.)

folliculitis or pyogranulomatous furunculosis may be
observed.

Differential diagnoses include pemphigus foliaceus,
superficial spreading pyoderma, and candidiasis. Pemphi-
gus foliaceus features more acantholysis than most cases
of superficial pustular dermatophytosis. Superficial
spreading pyoderma demonstrates blue line formation
(see p. 6), which is absent in superficial pustular der-
matophytosis. Pustular folliculitis, when present, is sug-
gestive of dermatophytosis, particularly in cats. The
presence of concomitant mural follicular inflammation
also is a feature of this type of dermatophyte infection
(see Chapter 18). In all cases demonstration of fungi is
required for definitive diagnosis. Culture may be required
to differentiate superficial pustular dermatophytosis from
candidiasis.

PEMPHIGUS FOLIACEUS

Clinical features (Figures 1.16 through 1.18)

Pemphigus foliaceus (PF) is an uncommon bullous
autoimmune skin disease of dogs and cats that affects the
epidermis and hair follicles. Desmoglein 1 (Dsg 1) is the
primary targeted autoantigen in canine PF, as in humans
(Suter et al., 1993; Iwasaki et al., 1997); other antigens
in addition to Dsg 1 may be targeted. Autoantibodies bind
to Dsg 1, which is a prominent component of the desmo-
somes in the superficial layers of the epidermis and hair
follicles. In humans, the clinical phenotype of the pem-
phigus group of diseases is defined by the antidesmoglein
autoantibody profile; mucosal-dominant pemphigus
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Fig. 1.17 Pemphigus foliaceus in a dog. Multiple intact and recently
ruptured vesicopustules are more irregular in contour than most pus-
tules caused by bacterial pyoderma.

Fig. 1.18 Canine pemphigus foliaceus restricted to the pawpads.
Keratinous crusts peel away from intact normal-appearing pad,
demonstrating the wave-like progression of the disease.

vulgaris, mucocutaneous pemphigus vulgaris, and PF all
have different and distinctive antidesmoglein autoanti-
body profiles (Amagai et al., 1999). A similar circum-
stance probably exists in the dog. Pemphigus foliaceus is
likely a heterogeneous immunological disease, which may
explain the clinical and histological variations observed
(Olivry, T.O., personal communication, 2001).

The exact pathomechanism of vesicle and bulla forma-
tion is not known. However, loss of intercellular cohesion
leads to acantholysis resulting in superficial vesicles and
bullae. Plakoglobin may conceivably play a role, as has
been demonstrated in the similarly acantholytic disease,
pemphigus vulgaris, in dogs (Calhedari et al., 2001).
Antikeratinocyte IgG4 autoantibodies may be relevant to
the pathogenesis of PF in dogs, as circulating IgG4 anti-
bodies were noted in 80% of dogs with the disease and
decreased in 67% of dogs in remission due to immuno-
suppressive therapy (Hogan et al., 2002). In humans,

apoptosis  following  cellular  detachment (termed
‘anoikis’) characterizes pemphigus, and may be related to
increased Fas ligand (FasL) in patients’ sera; FasL/Fas
interaction on keratinocytes is a major trigger of the
extrinsic apoptotic pathway (Puviani et al., 2003). Apop-
tosis is characteristic of PF in animals as well (see
below).

Drug-related, PF-like disease can occur. The term ‘pem-
phigus foliaceus-like drug reaction’ may be used when
clinical, histopathologic, and immunopathologic features
mirror naturally occurring PF, and the disease disappears
when the offending drug is discontinued. The term ‘drug-
induced pemphigus foliaceus’ may be used when clinical,
histopathologic, and immunopathologic features mirror
naturally occurring PF, and the disease continues after
drug withdrawal. Drug-related PF (both PF-like drug
reaction and drug-induced PF) is reported as a sequela to
the administration of various antibiotics (trimethoprim-
potentiated sulfonamides, cephalexin) (White et al.,
2002). The authors have seen methimazole initiate drug-
related PF in cats. To qualify for categorization as
drug-related PF, the skin disease must closely mimic the
naturally occurring disease, clinically, histopathologically,
and immunopathologically. However, possible markers
for drug-related PF include unusually rapid onset, very
early age of onset, oral lesions, and any other features
atypical for naturally occurring disease. Some overlap
occurs between drug-related PF and superficial pustular
drug reactions (see p. 23). If clinical, histopathological
and immunopathological parameters stray too far from
those seen with naturally occurring PE then the term
‘superficial pustular drug reaction’ may be more
appropriate.

Transient superficial pustules (or vesicopustules)
develop in waves. Individual pustules may be large (2 to
6mm in diameter) and vary in color from translucent,
to gray-white, to yellow. Coalescence of pustules leads to
visually distinct intact pustules or vesicopustules with
irregular, asymmetric, polycyclic borders. Pustules fre-
quently span multiple hair follicles, and multiple hairs
may protrude from individual pustules. Animals may
progress from absence of lesions to sudden development
of dozens of pustules. Pustules quickly eventuate in thick,
adherent crusts with marked exfoliation. These exfolia-
tive crusts are the most common clinical lesions of PE
Rarely, erosions from ruptured pustules may exhibit
targetoid or polycyclic patterns. Alopecia is variable.
Generalized erythroderma may be seen. Characteristic
pawpad lesions in dogs consist of erythematous swelling
at the pad margins, and cracking and villous hypertrophy
of the pads. Whitish discoloration beneath the surface of
the pad may indicate an intact subcorneal pustule. Pruri-
tus is noted in less than one-half of affected dogs. Photo-
phobia may be noted but is unexplained. In contrast to



canine lesions, feline lesions usually are much milder in
severity. In the cat, pustules and vesicles eventuate very
rapidly in erosions with adherent yellowish crusts.

The most common sites of involvement in the dog are
the dorsal muzzle, planum nasale, pinnae, periorbital
skin, and pawpads. Pawpad lesions vary considerably in
severity but almost always are present. Truncal lesions are
variable but may be diffuse. Striking bilateral symmetry
is a common and key feature. Occasionally, the disease
may be predominantly confined to the face (see below) or
pawpads. Less commonly, mucocutaneous junctions can
be affected. One author (P.J.I.) has seen two dogs with
lesions of PF confined to the lip folds; another dog had
lesions confined to the medial surface of both pinnae. In
cats, lesions are less widespread and often are restricted
to the muzzle, planum nasale, ear pinnae, around the
nipples, and the distal extremities, especially affecting the
ungual folds of the claws and pawpad margins. As in
dogs, one author (T.L.G.) has seen perioral lesions just at
the juncture of the lips. The authors have also seen two
cats with histologically typical lesions confined to one
extremity.

A clinically distinctive subset of PF, termed ‘facially-
predominant pemphigus foliaceus’, is seen in the Chow
Chow, Akita, and occasionally in other breeds. One
author (E.J.W.) has observed several cases in Siberian
Huskies. Bilaterally symmetric facial lesions are charac-
terized by increased severity with ulceration. Lesions of
lesser severity may be seen on the trunk and elsewhere.
An additional clinically distinctive subset characterized by
widespread truncal pustules with or without facial or
pedal involvement may occur more commonly in the
Cocker Spaniel and the Chihuahua.

The Bearded Collie, Akita, Chow Chow, Newfoundland,
Schipperke, and Doberman Pinscher are genetically pre-
disposed. More recently, the English Springer Spaniel,
Chinese Shar Pei, and Collie also have been shown to be
at increased risk (Kuhl et al., 1994). Facially-predominant
PF is seen more commonly in the Chow Chow and Akita.
Canine PF usually is a disease of middle age, but dogs of
any age may be affected. The mean age of onset is 4 years
with two-thirds of dogs developing lesions at or before 5
years of age (Ihrke et al., 1985). Sex predilections have
not been noted. Age, sex, or breed predilections have not
been reported for the cat. Some cases of PF may occur as
a consequence of chronic, on-going inflammatory skin
disease; dogs that developed PF often had a history of
long-term inflammatory skin disease (Pascal et al., 1995).

Superficial bacterial folliculitis is the major clinical dif-
ferential diagnosis for PE Pustules seen with PF usually
are larger and more irregular in contour than the pustules
seen with superficial bacterial folliculitis, which tend to
be more circular. Pemphigus foliaceus also can appear
visually similar to other crusting, pustular and exfoliative
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skin diseases, such as superficial pustular dermato-
phytosis, (follicular) dermatophytosis, lupus erythemato-
sus, demodicosis, zinc-responsive dermatosis, sebaceous
adenitis, and mycosis fungoides (epitheliotropic malig-
nant T cell lymphoma; see Chapter 37). However, the fre-
quent bilateral symmetry and periodic ‘waves’ of pustules
observed in PF are important differentiating features.
When bilaterally symmetric facial lesions are present, the
involvement of both haired skin and the non-haired
planum nasale is a key differentiating feature of PE
Drug-induced PF may be indistinguishable from classic
PF; other superficial pustular drug reactions (not histo-
logically compatible with PF) may partially resemble PF
(see p. 23). Superficial pustular dermatophytosis may be
the most difficult disease to distinguish from canine PF,
and dermatophytosis also may be the most problematic
differential diagnosis in the cat. Positive Tzanck prepara-
tions from intact vesicopustules or pale central regions on
pawpads may document the presence of individual acan-
tholytic cells or rafts of acantholytic cells. Histopathology
is required to confirm the diagnosis.

Biopsy site selection

Because of the fragile and transient nature of primary
lesions in PF, early lesions (pustules and vesicopustules)
should be obtained promptly. Diagnostic histopathology
may not be forthcoming from older crusted lesions. If
only crusted lesions are available, these should be pro-
cured carefully, and the pathology service should be
instructed to include any dissociated crusts in the slide
preparation. Sites directly adjacent to early pustules
should be sampled for direct immunofluorescence or
immunohistochemical testing.

Histopathology (Figures 1.19 and 1.20)

Broad, discrete, subcorneal or intragranular pustules
within a variably acanthotic epidermis are the typical
histopathologic lesions of PE. Pustules often span several
follicles and may extend into the follicular infundibula.
Mural pustular follicular inflammation may occur (see
Chapter 16). Pustules are composed of neutrophils and
often eosinophils. Individualized, rounded, often brightly
eosinophilic, acantholytic keratinocytes are present in
small to large numbers within pustules. Free floating
‘rafts’ of partially adherent acantholytic cells and ad-
herence of acantholytic cells to the overlying stratum
corneum are both characteristic histopathologic features
of PE. Neutrophils may encircle and cling to individual
acantholytic cells. Active acantholysis, characterized by
rounding up of keratinocytes, which appear to be ‘spring-
ing’ from the underlying epidermis, are found beneath
pustules. Rarely, acantholysis without pustule formation
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may be seen in the superficial epidermis; these lesions
resemble a ‘crumbling brick wall’. In these lesions,
affected keratinocytes are hypereosinophilic, slightly
rounded, and separated from the underlying epidermis.
Because pustules are transient, active acantholysis and
pustulation often are not present in biopsy specimens; the
diagnosis may then depend upon the demonstration of
degenerated free keratinocytes in crusts. Some caution is
warranted in relying on free keratinocytes alone for the
diagnosis of PF since spongiosis, as seen in superficial pyo-
derma and other inflammatory diseases of the epidermis,
can also result in separation of keratinocytes from the

Fig. 1.19 Canine pemphigus foli-
aceus. A subcorneal pustule contains
acantholytic cells.

Fig. 1.20 High magnification of
subcorneal pustule from a dog with
pemphigus foliaceus. Prominent acan-
tholytic cells are free-floating; partially
acantholytic cells are adhered to the
roof of the pustule.

underlying epidermis, and their ultimate shedding into
crusts. Keratinocytes that are disconnected via spongiotic
mechanisms may appear less rounded and more ragged or
angular than typical acantholytic cells in early stages, but
may be indistinguishable once they are within aged crusts.
As a further complication, spongiosis rather than acan-
tholysis may be prominent at the base of otherwise typical
pustules of PE

Facially-predominant PE, as seen in Chow Chows,
Akitas, and other breeds, is a deeper inflammatory
process that frequently involves the wall of hair follicles,
often in full thickness distribution (‘panfollicular pem-



