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Abstract

The importance of cellular infiltrates in tissues has

been investigated as a diagnostic tool, mechanism of

pathogenesis, and prognostic indicator in certain

human diseases. Eosinophils, in particular, have a

distinct role in the development of cutaneous lesions

in human autoimmune diseases. Identification of an

eosinophilic infiltrate can aid the diagnosis of immu-

nobullous disease in the early stages of the disease

process. In canine pemphigus foliaceus, eosinophils

are present to a variable degree within lesional tis-

sue. This study retrospectively evaluated 40 dogs

with pemphigus foliaceus, and examined clinical and

histologic features and final outcomes in cases with

and without eosinophilic infiltrates. Twenty-five of 40

dogs (63%) had an eosinophilic infiltrate in either the

pustules ⁄ crust, follicular infundibulum or dermis.

There was no statistically significant difference in

clinical distribution or appearance of dermatological

lesions, response to treatment, or disease outcome

in dogs with or without an eosinophilic infiltrate.

However, dogs with concurrent disease were signifi-

cantly more likely to have an eosinophilic infiltrate

(P = 0.01). Dogs with adverse effects associated with

immunosuppressive therapy were significantly more

likely to have an eosinophilic infiltrate (P = 0.05). Fif-

teen of 40 dogs (38%) had a history of allergic disease

and a significantly higher proportion of these dogs

had an eosinophilic infiltrate (P = 0.04). An eosino-

philic infiltrate was found in more than half of the

dogs in this study. These findings justify further stud-

ies to investigate the role of eosinophils in the patho-

genesis, therapy and prognosis in dogs with

pemphigus foliaceus.

Accepted 10 March 2009

Introduction

Pemphigus foliaceus (PF) is the most common autoim-

mune disorder in dogs, and is also the most frequent

manifestation of the pemphigus complex in small ani-

mals.1 Since the first report of canine PF in 1977,2 numer-

ous studies have defined the clinical presentation,

histopathological findings, immunopathology, therapeutic

regimens and treatment outcomes in domestic ani-

mals.3–9 Classically, the histopathological appearance of

PF in dogs is a subcorneal or intragranular pustular derma-

titis with pustules containing acantholytic cells and span-

ning multiple hair follicles.10,11 Active acantholysis may

be seen beneath the pustule. Neutrophils predominate

within pustules, but eosinophils can be present to a vari-

able degree.10

Although the presence of eosinophils in PF has been

reported in dogs, no studies have examined whether this

is a result of concurrent disorders, or whether it influ-

ences the clinical presentation, therapeutic outcome or

prognosis. In contrast, the significance of eosinophil-rich

infiltrates has been evaluated in a variety of human dis-

eases. Eosinophilic infiltration in squamous cell carcinoma

can be a histopathological criterion in determining stromal

invasion and tumour biology.12–14 Eosinophil-predominant

Hodgkin’s lymphoma is associated with worse treatment

results and a poorer prognosis.15–17 The presence of

eosinophils and neutrophils within the epidermis may be

recognized as the first indication of immunobullous and

other inflammatory dermatological disorders in peo-

ple.18,19 In addition, analyses of chemotactic cytokines in

blister fluid and sera have been correlated with the char-

acter of the cellular infiltrate in people with autoimmune

blistering diseases.20–22 Such patterns of inflammation

and specific types of infiltrating cells can provide valuable

clinical, prognostic and diagnostic information to the clini-

cian. The purpose of this study was to retrospectively

examine the clinical and histopathological features of 40

dogs with PF, and describe features associated with the

presence of an eosinophilic infiltrate.

Materials and methods

Study population and design
The Department of Pathobiology and the Louisiana Animal Disease

Diagnostic Laboratory (LADDL), Louisiana State University School of
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Veterinary Medicine (LSUSVM), and PATHodgin Veterinary Dermato-

pathology Service databases between 2002 and 2008 were searched

for cases of canine PF. To be included in the study, cases must have

been submitted by dermatologists at the LSUSVM, Veterinary Teach-

ing Hospital & Clinics (VTH&C), or by one of two board-certified veter-

inary dermatologists in private referral practices. Only medical

records of cases with complete signalment, history and clinical

description were included. In accordance with standards recom-

mended by Olivry,5 further criteria for inclusion included a definitive

diagnosis of pemphigus supported by histopathological findings

based on established criteria,10,11 a negative fungal culture to rule out

acantholytic dermatophytosis and classic clinical signs.1,4 Dogs with

concurrent pyoderma were not excluded from the study.

Data collected from the medical records included signalment, his-

tory of prior skin disease, clinical signs at the time of presentation,

medications used within the 3 months prior to biopsy, concurrent sys-

temic disease, laboratory tests analysed prior to treatment, time from

lesion onset to diagnosis, season of diagnosis, dermatological lesions,

distribution of disease, initial treatment, adverse effects of initial treat-

ment, maintenance treatment, time to remission, follow-up time and

outcome. Final treatment outcomes were recorded as remission (no

active pustular disease), death (including euthanasia), improvement or

no improvement (active pustular disease). Improvement was defined

in accordance with the study by Mueller et al.,4 as residual erythema,

scaling or crust without the need for change in treatment.

Histopathology
The original slides for cases selected for this study were re-evaluated

by one pathologist (ECH). Originally, formalin fixed tissues were

trimmed for histological processing then embedded in paraffin, sec-

tioned at 3 lm, and stained with haematoxylin and eosin (H&E). Each

specimen from each case was examined for the following histologi-

cal changes typical of PF: acantholytic crust, acantholytic epidermal

and infundibular pustules, folliculitis with acantholytic cells, and

superficial dermatitis with neutrophils and ⁄ or eosinophils, lympho-

cytes, plasma cells and histiocytes. The specimen containing the

best examples of these changes was scored for the following:

1 Estimated percentages of eosinophils and neutrophils ⁄ total

granulocytes in crust, epidermal and infundibular pustules,

infundibular lumens and upper dermis after examining a mini-

mum of ten typical areas. Inflammation due to furunculosis was

ignored. Scores were recorded as: DG (crust too degenerate

to evaluate), 0 (0–5%), 1 + (6–40%), 2 + (41–60%), 3 + (61–

95%), or 4 + (96–100%).

2 Numbers of acantholytic cells and cells undergoing active acan-

tholysis in the most prominent acantholytic areas of the crust,

epidermal and infundibular pustules and infundibular lumens.

Scores were recorded as: 0 (none seen ⁄ 10 high power fields

[hpf]), 1+ (less than 10 cells ⁄ 10 hpf), 2+ (11–30 cells ⁄ 10 hpf), or

3+ (31 or more cells ⁄ 10 hpf). High power field magnification

was 400·.

Statistical analysis
All variables were described and summarized by frequencies for cate-

gorical variables, including ordinal scores, and quartiles for numeric

variables. For analysis, categories of many variables were collapsed

to increase strata density. To explore the associations of an eosino-

philic infiltrate with clinical signs and disease outcome, any dog with

an eosinophilic infiltrate in either the pustules ⁄ crust, follicles or der-

mis with a score >0 was grouped as pemphigus with eosinophilic

infiltrate (E+). Those without any eosinophilic infiltrate (score = 0 for

pustules ⁄ crust, follicles, and dermis) were grouped as pemphigus

without eosinophilic infiltrate (E)).

Disease outcome was classified as no improvement, improve-

ment or remission. The final disease outcome was dichotomized as

no improvement or improvement (including improvement or remis-

sion). Survival was dichotomized as survival or death (including dogs

that were euthanized).

For exploration of histological features, eosinophilic infiltrates in

either the pustules ⁄ crust, follicles or dermis with a score >0 were

classed as eosinophilic. Neutrophilic infiltrates in either the pus-

tules ⁄ crust, follicles or dermis with a score >0 were classed as neutr-

ophilic. Any active acantholysis in the pustules ⁄ crusts or follicles >0

was described as active acantholysis, and any acantholytic lesion in

the pustules ⁄ crusts or follicles >0 was described as acantholytic.

Associations between group (E+ versus E)) and categorical vari-

ables were tested using Fisher’s exact test with a two-sided hypoth-

esis of no association rejected at P £ 0.05. Where the table was

2 · 2, the odds ratio (OR) was used to describe the association with

a 95% confidence interval excluding 1.0. When a single proportion

was evaluated, a test of binomial proportions was performed.

Numeric responses were compared across groups using Mann–

Whitney U-tests with a two-sided null hypothesis rejected at

P £ 0.05.

Multivariate analysis was performed to explore any associations of

disease features with the presence of eosinophilic infiltrate (E+ ver-

sus E)) using logistic regression with a stepwise entry at P < 0.3

and variables kept in the model at P £ 0.05. Significant variables

associated with the response were described using the OR with a

95% confidence interval excluding 1.0. Similar analysis was per-

formed on the response of final disease outcome and on survival. All

analyses were performed using SAS statistical software (version 9.1;

SAS institute, Cary, NC, USA).

Results

History and signalment

Forty dogs with PF evaluated between 2002 and 2008

were included in the study (Table 1). Thirty-one were pure-

bred dogs and nine were mixed-breed. English bulldogs

were the most common breed (n = 5), followed by Boston

terriers (n = 3). Dachshunds, cocker spaniels, Yorkshire

terriers and Labrador retrievers were represented by two

dogs each. The remaining 15 breeds were represented by

single dogs. Twenty-three dogs (57.5%) were male (7

intact) and 17 dogs (42.5%) were female (5 intact). Twelve

of the 17 female dogs (71%) and 13 of 23 males (57%)

were E+. There was no statistically significant difference

in the frequency of males versus females for dogs with or

without an eosinophilic infiltrate (P = 0.51).

The median age at the time of diagnosis for E+ dogs

was 7 years, with a range of 0.25–13 years and a mean

of 7.3 years. For E) dogs, the median age at the time of

diagnosis was 7 years, with a range of 1–12 years and a

mean of 6.4 years. The duration of clinical signs for E+

dogs prior to diagnosis ranged from 1 to 52 weeks, with a

median of 8 weeks and a mean of 14.8 weeks. For E)
dogs, the duration of clinical signs prior to diagnosis ran-

ged from 1 to 52 weeks, with a median of 14 weeks and

a mean of 15.4 weeks. The duration of clinical signs

for one E) dog (case 22) was not available. There was no

statistically significant difference in the age of dogs

(P = 0.47) or the time to diagnosis (P = 0.77) in dogs with

or without an eosinophilic infiltrate. Pemphigus foliaceus

was diagnosed most commonly in the summer (16 dogs,

40%), followed by autumn (11 dogs, 27.5%), spring (ten

dogs, 25%) and winter (three dogs, 7.5%). There was no

statistically significant difference in the frequency of diag-

nosis across seasons for dogs with or without eosino-

philic infiltrate (P = 0.18).

Fifteen of 40 dogs (37.5%) had a history consistent

with allergic dermatitis. These included: flea allergy in
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nine dogs (60%), seasonally recurrent pyoderma in three

dogs (20%), pododermatitis in three dogs (20%), recur-

rent otitis externa in two dogs (13.33%) and angioedema

in one dog (6.67%). Of the 15 dogs with allergic dermati-

tis a significant proportion, 11 of 15 (73%), were E+

(P = 0.04). Two dogs had a history of previous dermato-

logical problems not related to allergic disease. One of

these dogs had a history of juvenile-onset demodicosis,

alopecia areata and sterile granuloma pyogranuloma syn-

drome (case 13). The other dog presented with cyclic

flank alopecia (case 38). Drug-induced PF was suspected

in one dog, which was classified as E+. Eight of 40 dogs

(20%) had a concurrent systemic disease process at the

time of diagnosis, with acute renal failure, intervertebral

disc disease, brachycephalic airway syndrome, hypoadre-

nocorticism, mitral insufficiency and a urinary tract infec-

tion affecting one dog each. Two dogs had a history of

idiopathic epilepsy. Of the eight total dogs with a concur-

rent disease a significant proportion, five of the eight

(63%), were E+ (P = 0.01).

Of the 25 E+ dogs, antihistamines, glucocorticoids

and antibiotics were administered to 10 (40%), 16 (64%)

and 20 dogs (80%) respectively. Of the 15 E) dogs,

antihistamines, glucocorticoids and antibiotics were

administered to three (20%), eight (53%) and 12 dogs

(80%) respectively. There was no statistically significant

difference in administration of antihistamines (P = 0.53),

glucocorticoids (P = 0.30) or antibiotics (P = 1.0) prior to

the diagnosis of PF for dogs with or without an eosino-

philic infiltrate. Nineteen of 40 dogs (47.5%) received

other drugs, including systemic antifungal medications in

eight dogs, levothyroxine in five dogs and ivermectin in

two dogs. One dog received each of the following:

phenobarbital, a nonsteroidal anti-inflammatory drug,

tetracycline and niacinamide and potassium bromide.

Clinical findings

Thirty-three dogs (82.5%) presented with lesions affect-

ing the face (including the dorsal muzzle, head, periocular

and ⁄ or preauricular regions), 34 dogs (85%) with pinnal

lesions, 36 dogs (90%) with lesions affecting the dorsum

and 24 dogs (60%) with lesions affecting the ventrum.

Lesions on the feet (dorsal aspect of paw and interdigital

regions) and limbs were seen in 22 (55%) and 11 (27.5%)

dogs respectively. There was no statistically significant

difference in the frequency of lesions on the face

(P = 1.0), pinnae (P = 0.38), dorsum (P = 1.0), ventrum

(P = 0.38), feet (P = 0.75) or limbs (P = 0.71) for dogs

with or without eosinophilic infiltrate. Pustules were

described in 31 dogs (77.5%), crusting dermatitis in 40

dogs (100%), epidermal collarettes in 38 dogs (95%),

alopecia in 29 dogs (72.5%) and papules in 16 dogs

(40%). There was no statistically significant difference in

the frequency of the pustules (P = 0.44), collarettes

(P = 0.44), papules (P = 0.74) and alopecia (P = 0.72) for

dogs with or without eosinophilic infiltrate. The frequency

of crusts could not be compared since all dogs had crusts.

Other dermatological lesions included footpad hyperkera-

tosis in 11 dogs (27.5%), generalized seborrhoea in two

dogs (5%), and nasal planum depigmentation and loss of

architecture of the nasal planum in one dog each (2.5%).

Pruritus was noted in 32 dogs (80%), lethargy in ten dogs

(25%), anorexia in three dogs (7.5%) and fever in eight

dogs (20%). There was no statistically significant differ-

ence in the frequency of pruritus (P = 1.0), lethargy

(P = 0.71), anorexia (P = 0.54) or fever (P = 0.68) for

dogs with or without eosinophilic infiltrate.

A complete blood count and biochemical profile were

performed in 28 dogs prior to initiation of therapy. Of

these dogs, 18 dogs exhibited neutrophilic leukocytosis

and seven exhibited eosinophilia. Five of the seven

dogs with eosinophilia and 11 of the 18 dogs with neutro-

philic leukocytosis were E+. There was no statistically

significant difference in the frequency of peripheral eosin-

ophilia (P = 0.69) or neutrophilia (P = 1.0) for dogs with or

without an eosinophilic infiltrate. Of the 28 dogs, abnor-

malities on serum biochemical analysis revealed hypoal-

buminemia in seven dogs, increased serum alkaline

phosphatase (ALP) in six dogs, increased serum alanine

transaminase (ALT) in one dog, hypercholesterolemia in

one dog and azotemia in one dog.

Treatment and outcome

Antibiotics were administered to all 40 dogs and were

the only therapy given to three dogs (7.5%). The most

commonly prescribed initial treatment for PF was gluco-

corticoid monotherapy in 22 dogs (55%). Fifteen dogs

(37.5%) received a single glucocorticoid and azathioprine.

Eleven of the 37 dogs treated with immunosuppressive

drugs received adjunctive medications including famoti-

dine in six dogs (55%), pentoxifylline in two dogs

(18.2%), ivermectin in two dogs (18.2%) and tramadol in

one dog (9.1%). Adverse reactions to initial medications

were recorded in 17 (46%) of the 37 dogs treated with

immunosuppressive drugs. Adverse effects included clin-

ical signs of iatrogenic hyperadrenocorticism (polyuria,

polydipsia, cutaneous atrophy, muscle wasting etc.) in

ten dogs, hepatotoxicity (increased ALT and ⁄ or ALP) in

five dogs, anaemia and thrombocytopaenia in two dogs

and a urinary tract infection in two dogs. Leucopenia,

vomiting, calcinosis cutis and diabetes mellitus occurred

in one dog each. Of the dogs that experienced adverse

effects following immunosuppressive therapy, a signifi-

cant proportion, 14 of 17 (82%), were E+ (P = 0.05).

Two of the three dogs prescribed an antibiotic only did

not return for re-evaluation following diagnosis. The other

dog died prior to re-evaluation. Of the 37 dogs prescribed

immunosuppressive therapy, remission occurred in 27

dogs (73%), improvement in four dogs (11%) and no

improvement in three dogs (8%). The outcome for three

dogs was not available. There was no statistically signifi-

cant difference in disease outcome (remission, improve-

ment or no improvement) for dogs with or without

eosinophilic infiltrate (P = 0.53). The median time to

remission for E+ dogs was 6 weeks, with a range of

4–24 weeks and a mean of 8 weeks. For E) dogs, the

median time to remission was 6 weeks, with a range of

4–12 weeks and a mean of 6 weeks There was no statis-

tically significant difference in the time to remission for

dogs with or without eosinophilic infiltrate (P = 0.17).

Seven of 40 dogs (17.5%) later died or were euthanized.

Four of the seven (57%) were E+ dogs, but there was no

statistically significant difference in the frequency of sur-

vival in dogs with or without eosinophilic infiltrate

ª 2010 The Authors. Journal compilation ª 2010 ESVD and ACVD, Veterinary Dermatology, 21, 166–174. 169

Cellular infiltrates in canine pemphigus



(P = 0.62). The median follow-up time for all dogs was

20 weeks, with a range of 1–208 weeks and a mean of

43 weeks.

Histopathology

A total of 25 of 40 dogs (63%) had an eosinophilic infiltrate

score >0 (i.e. E+) in either the pustules ⁄ crust, follicles or

dermis. Of these 25 dogs, eosinophils in the pus-

tules ⁄ crust were scored as 0 in three dogs, 1+ in five

dogs, 2+ in six dogs, 3+ in seven dogs and 4+ in two dogs.

Twenty-four dogs had follicular infundibular pustules. Of

these dogs, eosinophils in the follicular infundibulum were

scored as 0 in eight dogs, 1+ in five dogs, 2+ in four dogs,

3+ in five dogs and 4+ in two dogs. Eosinophil scores

were >0 in the superficial dermis of all 25 dogs, and were

scored as 1+ in seven dogs, 2+ in six dogs, 3+ in 11 dogs

and 4+ in one dog. Eighteen of the 25 dogs (72%) had a

greater than 40% eosinophilic component to their disease

(scored 2+ or greater) in the pustules ⁄ crust, follicles or

dermis. In 16 of 25 dogs, estimates of the number of

eosinophils were greater than or equal to neutrophils in

the pustules ⁄ crust, follicles or dermis.

Neutrophils were reported in the pustules ⁄ crust, folli-

cles or dermis of all 40 dogs, preventing analysis of the

frequency of any neutrophilic infiltrate. Neutrophils in the

pustules ⁄ crust were scored as 0 in three dogs, 1+ in four

dogs, 2+ in eight dogs, 3+ in six dogs and 4+ in 17 dogs.

In two dogs, the crust was too degenerate to identify

inflammatory cells. Twenty-four dogs had follicular infun-

dibular pustules. Of these dogs, neutrophils were scored

as 0 in three dogs, 1+ in five dogs, 2+ in three dogs, 3+ in

seven dogs and 4+ in six dogs. Neutrophils were scored

>0 in the dermis of all 40 dogs. A neutrophil score of 1, 2

or 3 in either the pustules ⁄ crust, follicles or dermis

occurred more frequently in E+ dogs. In contrast, neutro-

phil scores of 4 were more frequent in E) dogs

(P = 0.001).

Acantholytic cells were seen in all 40 dogs in either the

pustules ⁄ crust or follicular infundibulum. Active acanthol-

ysis in either the pustules ⁄ crust or follicular infundibulum

was seen in 31 of 40 dogs (78%). Eighteen of 25 E+

dogs (72%), and 13 of 15 E) dogs (87%) exhibited active

acantholysis. There was no statistically significant differ-

ence in the frequency of active acantholysis (P = 0.20) or

acantholytic cells (P = 0.33) for dogs with or without an

eosinophilic infiltrate.

Effect on survival

Signalment, history, histological features and disease out-

come (improvement, remission, no improvement) were

not associated with survival for dogs with or without an

eosinophilic infiltrate. Exploration of any association of

signalment, history, and histological features, including

the presence of eosinophilic infiltrate (E+), with survival in

all dogs revealed that anorexic dogs were significantly

more likely to die or be euthanized (OR = 30.0; 95% CI

1.8–490.7).

Discussion

The clinical importance of specific tissue cell populations

has been investigated as a diagnostic tool, mechanism of

pathogenesis and prognostic indicator in humans.12–25

These studies demonstrate the importance of classifying

and quantifying cellular tissue infiltrates. However, to the

authors’ knowledge, this is the first study to evaluate the

cellular infiltrate at different microanatomic locations in

canine PF, and to compare different cellular infiltrates

with clinical features and outcomes.

Eosinophils can be present in variable numbers in

canine PF.5,10 In the current investigation, an eosinophilic

infiltrate, although not a consistent feature, was present

in 25 of 40 dogs (63%) with PF. The identity of the major

antigen(s) in canine PF is unknown, although genetic fac-

tors play a role in disease developement.5,26 In humans,

the pathogenesis of autoimmune blistering diseases is

multifactorial.20 Cell-mediated immune responses, in

addition to autoantibodies, contribute to lesion forma-

tion.20 The type of cellular infiltrate in these diseases is

dependent upon specific chemokines, chemokine recep-

tors and adhesion molecules.20 To illustrate the impor-

tance of the cellular infiltrate, autoantibodies alone are

not sufficient for disease manifestation in people with

pemphigus gestationis, which requires eosinophils to

induce blister formation.21 Therefore, factors affecting

eosinophil homing and activation influence lesion appear-

ance in this condition. Eosinophils are recruited to tissues

by T helper 2 (Th2)-type cytokines, including interleukins

(IL)-4, 5, 10, and 13.20,21 Chemotactic factors, including

eotaxin and RANTES (Regulated on Activation Normal T-

cell Expressed and Secreted) also have a role in eosino-

phil infiltration.12,21,27,28 Once in the tissue, eosinophils

release granule proteins and metalloproteinases, contrib-

uting to tissue destruction and blister formation.21 To the

authors’ knowledge, this is the first study to determine

whether eosinophils, or another type of inflammatory cell,

affect disease manifestation in dogs with an autoimmune

disease.

A higher incidence of PF in dogs with allergic skin dis-

ease has been cited in the literature.1 Equine PF has been

reported in a group of horses with Culicoides hypersensi-

tivity,6,29 and several cats with PF in one study also had

presumed allergic dermatitis.3 In humans, exposure to

black fly bites has been associated with an endemic form

of PF.30 Interestingly, a statistically significant proportion

of the dogs in our study with allergic skin disease had an

eosinophilic infiltrate as compared to dogs without aller-

gic skin disease. Nine of the 15 dogs with allergic skin dis-

ease had a history of flea allergy dermatitis. Flea allergy

has previously been reported as the most common skin

disease present in dogs later diagnosed with PF.31 In one

dog in our study (case 16; E+), flea allergy immediately

preceded the outbreak of PF. This dog was treated with

fipronil (Frontline� Spray; Merial) for 3 months prior to

the onset of PF for severe flea allergy dermatitis based on

classic clinical signs (i.e. caudodorsal dermatitis and pruri-

tus) and the presence of fleas. Facial angioedema

occurred in one dog (case 40; E+) approximately 6 weeks

prior to development of PF lesions and 10 days following

vaccination for rabies, distemper, infectious hepatitis, par-

vovirus and leptospirosis. Angioedema can be caused by

numerous factors, but is nearly always associated with

hypersensitivity reactions.32 However, an association of

disease manifestation with vaccination cannot be conclu-
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sively made. Only one dog in our study (case 3; E+) had

features suggestive of drug-induced PF. This dog devel-

oped pustular dermatitis 1 week following surgery for

removal of a cervical thoracic mass. Suspect drugs in this

dog included ampicillin, amoxicillin, enrofloxacin and

metronidazole. Despite withdrawal and future avoidance

of these drugs, glucocorticoid treatment was necessary

in order to induce remission. Autoantibodies may result

from an altered or abnormal immune regulation or anti-

genic stimulation.8 As such, any factor (i.e. drugs, aller-

gens, vaccination) with potential immunomodulatory

effects could promote autoantibody production. Further

investigations are warranted to investigate allergic dis-

ease as a causative factor of PF in domestic animals.

Environmental factors such as UV light exposure may

induce flares of PF in dogs.5 Although a seasonal pattern

of PF was not found in one study of 66 dogs with PF,31

lesional scores of PF worsened in the summer and

improved in the winter in another investigation.33 In

horses, a higher incidence of PF flares during fall (autumn)

and winter was reported by Vandenabelle et al.,6 but in

another study, a clear seasonal association was not

reported.34 Since seasonality may also correlate with

allergic flares, this parameter was evaluated in dogs in

our study. The majority of dogs (27 ⁄ 40 dogs; 68%) were

diagnosed in either the spring or summer. However, clear

associations of seasonality are difficult to assess due

to the subtropical climate and overlap of seasons in our

geographic region.

Bacterial pyoderma can be a concurrent finding in dogs

with PF,1,4 and dogs with pyoderma were not excluded

from this study. However, the clinical and histopathologi-

cal criteria used in this investigation5 were diagnostic of

PF in all dogs. Concomitant endoparasitism was not eval-

uated in this study since faecal examination and heart-

worm testing are not part of a typical PF work-up.

Although endoparasites can certainly cause eosinophilia,

the retrospective nature of this investigation precluded

these diagnostics. Dogs with an eosinophilic infiltrate,

however, were more likely to have a concurrent systemic

disease. Of the eight total dogs with a concurrent sys-

temic disease, five were E+ (63%). Medications utilized

to treat underlying disease prior to the diagnosis of PF in

these dogs included potassium bromide, itraconazole,

levothyroxine, phenobarbital and furosemide. None of

these medications have been directly associated with

eosinophilia. Adverse reactions to various drugs could

result in a superficial pustular drug reaction with promi-

nent eosinophils.10 However, none of the E+ dogs on

medication for an underlying systemic disease had a clini-

cal or histopathological appearance compatible with a

drug reaction.

Adverse effects from immunosuppressive drugs were

more likely to occur in dogs with an eosinophilic infiltrate.

Of the 17 dogs for which an adverse effect was recorded,

14 were E+ dogs (82%). Although this is an interesting

finding, the adverse effects noted in this study may have

been caused as a direct result of the drugs themselves

and the doses necessary to achieve therapeutic effect.

Exploration of any variable with survival revealed

the odds of death were 30 times higher in dogs with

anorexia. However, due to the wide confidence interval

(95%, 1.8–490.7), the overall reliability of this estimate is

questionable. One possible explanation may be that

sicker dogs are more likely to be anorexic, thus are more

likely to die or be euthanized.

One limitation of the study design was that dogs

receiving medications prior to diagnosis of PF were not

excluded from the investigation. Unfortunately, control-

ling all variables that impact data cannot be accomplished

in a retrospective study. The design of this study was

similar to other retrospective PF studies,3,4,7 in that medi-

cations given prior to diagnosis were recorded, but these

animals were not excluded. In cats, administration of

glucocorticoids prior to or at the time of biopsy affected

the percentage of diagnostic biopsy specimens in one

investigation.3 In our study, glucocorticoids had been

given to 24 of 40 dogs (16 E+ cases) prior to diagnosis,

and antihistamines had been administered to 13 of 40

dogs (10 E+ cases). Glucocorticoids are potent immuno-

suppressive drugs, possess anti-inflammatory properties

and are also the most effective drug at inhibiting eosino-

philic inflammation.35,36 Antihistamines can also have an

anti-eosinophilic effect in human.36 It is interesting to

note that despite treatments that can interfere with the

histopathological diagnosis of PF and alter the presence

of inflammatory cells, numerous dogs in this study –

including those with an eosinophilic infiltrate – received

such therapy.

In our study, there was no statistically significant differ-

ence in the occurrence of acantholytic cells or active

acantholysis in dogs with or without an eosinophilic infil-

trate. However, no description of the type, number or

location of inflammatory cells present in PF lesions has

been described for dogs with both allergic disease and

PF. In one study of cats, there was no difference in the

cellular type or intensity of dermal infiltrate in PF lesions

between animals with or without a history of allergic der-

matitis.3 Eosinophils often predominate within dermal

and perifollicular infiltrates of dogs with allergic dermati-

tis38 and may also be seen in intraepidermal pustules.37,38

In our study, of the 15 dogs with allergic dermatitis, 11

(73%) were E+ and contained an eosinophilic infiltrate in

either the pustules ⁄ crust, follicles, or dermis.

One dog in this investigation (case 24) had an eosino-

philic infiltrate and spongiosis on histopathological evalua-

tion, but no active acantholysis and very few acantholytic

cells. Prominent eosinophilic spongiosis without acanthol-

ysis has been reported to be an uncommon presentation

of canine PF.10 It is thought that this variant represents an

early form of PF, with more typical histological features

appearing in later stages.10 In this particular dog, how-

ever, clinical lesions had been present for 32 weeks prior

to diagnosis. Similarly, an additional dog (case 23) also

had very few acantholytic cells, no active acantholysis,

and prominent eosinophilic spongiosis and eosinophilic

infiltration at all microanatomic levels. Similar to case 24,

this dog exhibited clinical PF lesions for an extended dura-

tion (28 weeks) prior to diagnosis. Neither dog received

glucocorticoids prior to biopsy. Although only two dogs in

this retrospective study exhibited an eosinophilic, non-

acantholytic form of PF, both dogs had lesions for several

months prior to diagnosis. It is possible, however, that

since pustules can manifest in ‘waves’10 the lesions biop-
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sied in these dogs represented early individual lesions of

an entire disease process. Although eosinophilic spongio-

sis in people can be the hallmark of early autoimmune dis-

ease,18 further studies are warranted to see whether this

is true in dogs.

In conclusion, there were no statistically significant

differences noted in signalment, clinical distribution or der-

matological lesions, previous medications, haematological

values, time to diagnosis, season of diagnosis, the pres-

ence of acantholytic cells or acantholysis, treatment,

response to treatment or final disease outcome in dogs

with PF with or without an eosinophilic infiltrate. However,

our findings suggest there may be a relationship between

eosinophilic infiltrate and allergic skin disease, systemic

disease and adverse effects of immunosuppressive ther-

apy. Further studies are warranted to evaluate chemotac-

tic cytokines in pustules and sera of affected animals, as

knowledge of specific cytokine expression in PF may

further understanding of its pathogenesis, and be used

to monitor disease activity, lessen disease severity and

provide new targets for therapy.

Acknowledgements

The authors would like to thank Stephen Lemarie and

Sandra Merchant for their clinical expertise, research

support and case submission information. The authors

are also grateful to Lisa Roundtree for assistance in data

compilation and organization.

References

1. Scott DW, Miller WH, Griffin CE. Immune-mediated disorders.

In: Muller and Kirk. Small Animal Dermatology, 6th edn. Philadel-

phia: W.B. Saunders, 2001: 686–90.

2. Halliwell REW, Goldschmidt MH. Pemphigus foliaceus in the

canine: a case report and discussion. Journal of the American

Animal Hospital Association 1977; 13: 431–6.

3. Preziosi DE, Goldschmidt MH, Greek JS et al. Feline pemphigus

foliaceus: a retrospective analysis of 57 cases. Veterinary Derma-

tology 2003; 14: 313–21.

4. Mueller RS, Krebs I, Power HT et al. Pemphigus foliaceus in 91

dogs. Journal of the American Animal Hospital Association 2006;

42: 189–96.

5. Olivry T. A review of autoimmune skin diseases in domestic ani-

mals: I-superficial pemphigus. Veterinary Dermatology 2006; 17:

291–305.

6. Vandenabelle SIJ, White SD, Affolter VK et al. Pemphigus foliac-

eus in the horse: a retrospective study of 20 cases. Veterinary

Dermatology 2004; 15: 505–9.

7. Gomez SM, Morris DO, Rosenbaum MR et al. Outcome and

complications associated with treatment of pemphigus foliaceus

in dogs: 43 cases (1994-2000). Journal of the American Veteri-

nary Medical Association 2004; 224: 1312–6.

8. Rosenkrantz WS. Pemphigus: current therapy. Veterinary Der-

matology 2004; 15: 90–8.

9. Pappalardo E, Abramo F, Noli C. Pemphigus foliaceus in a goat.

Veterinary Dermatology 2002; 13: 331–6.

10. Gross TL, Ihrke PJ, Walder EJ et al. Pustular diseases of the epi-

dermis. In: Skin diseases of the dog and cat: clinical and histopath-

ologic diagnosis. Oxford, UK: Blackwell Science, 2005: 13–8.

11. Kuhl KA, Shofer FS, Goldschmidt MH. Comparative histopathol-

ogy of pemphigus foliaceus and superficial folliculitis in the dog.

Veterinary Pathology 1994; 31: 19–27.

12. Falconieri G, Luna MA, Pizzolitto S et al. Eosinophil-rich

squamous carcinoma of the oral cavity: a study of 13 cases

and delineation of a possible new microscopic entity. Annals of

Diagnostic Pathology 2008; 12: 322–7.

13. Said M, Wiseman S, Yang J et al. Tissue eosinophilia: a morpho-

logic marker for assessing stromal invasion in laryngeal squa-

mous neoplasms. BMC Clinical Pathology 2005; 5: 1.

14. Alrawi SJ, Tan D, Stoler DL et al. Tissue eosinophilic infiltration:

a useful marker for assessing stromal invasion, survival and loco-

regional recurrence in head and neck squamous cell neoplasia.

Cancer Journal 2005; 11: 217–25.

15. Enblad G, Sundstrom C, Glimelius B. Infiltration of eosinophils in

Hodgkin’s disease involved lymph nodes predicts prognosis.

Hematological Oncology 1993; 11: 187–93.

16. Toth J, Dworak O, Sugar J. Eosinophil predominance in Hodg-

kin’s disease. Zeitschrift für Krebsforschung und klinische On-

kologie. Cancer research and clinical oncology 1977; 89: 107–

11.

17. von Wasielewski R, Seth S, Franklin J et al. Tissue eosinophilia

correlates strongly with poor prognosis in nodular sclerosing

Hodgkin’s disease, allowing for known prognostic factors. Blood

2000; 95: 1207–13.

18. Machado-Pinto J, McCalmont TH, Golitz LE. Eosinophilic and

neutrophilic spongiosis: clues to the diagnosis of immunobullous

diseases and other inflammatory disorders. Seminars in Cutane-

ous Medicine and Surgery 1996; 15: 308–16.

19. Knight AG, Black MM, Delaney TJ. Eosinophilic spongiosis: a

clinical histological and immunofluorescent correlation. Clinical

and Experimental Dermatology 1976; 1: 141–53.

20. Echigo T, Hasegawa M, Shimada Y et al. Both Th1 and Th2

chemokines are elevated in sera of patients with autoimmune

blistering diseases. Archives of Dermatological Research 2006;

298: 38–45.

21. Gunther C, Wozel G, DreBler J et al. Tissue eosinophilia in pem-

phigoid gestationis: association with eotaxin and upregulated

activation markers on transmigrated eosinophils. American Jour-

nal of Reproductive Immunology 2004; 51: 32–9.

22. Iwatsuki K, Tagami H, Yamada M. Pemphigus antibodies mediate

the development of an inflammatory change in the epidermis. A

possible mechanism underlying the feature of eosinophilic

spongiosis. Acta dermato-venereologica 1983; 63: 495–500.

23. Caproni M, Cardinali C, Salvatore E et al. Further support for a

role in Th2-like cytokines in blister formation of pemphigus. Clini-

cal Immunology 2001; 98: 264–71.

24. Chen R, Fairley JA, Zhao ML et al. Macrophages, but not T and B

lymphocytes, are critical for subepidermal blister formation in

experimental bullous pemphigoid: macrophage-mediated neutro-

phil infiltration depends on mast cell activation. Journal of Immu-

nology 2002; 169: 3987–92.

25. Billet SE, Grando SA, Pittelkow MR. Paraneoplastic autoim-

mune multiorgan syndrome: review of the literature and sup-

port for a cytotoxic role in pathogenesis. Autoimmunity 2006;

39: 617–30.

26. Olivry T, LaVoy A, Dunston SM et al. Desmoglein-1 is a minor

autoantigen in dogs with pemphigus foliaceus. Veterinary Immu-

nology and Immunopathology 2006; 110: 245–55.

27. Leiferman KM, Peters MS, Gleich GJ. Eosinophils in cutaneous

diseases. In: Freedberg IM, Eisen AZ, Wolff K et al., eds. Fitzpa-

trick’s Dermatology in General Medicine 6th edn. New York:

McGraw-Hill, 2003: 959–66.

28. Rankin SM, Conroy DM, Williams TJ. Eotaxin and eosinophil

recruitment: implications for human disease. Molecular Medi-

cine Today 2000; 6: 20–7.

29. White SL. Bullous autoimmune skin diseases: diagnosis, ther-

apy, prognosis. Proceedings of the Annual Convention of the

American Association of Equine Practitioners. Orlando, FL: 1991:

507–13.

30. Stanley JR. Pemphigus. In: Freedberg IM, Eisen AZ, Wolff K et

al., eds. Fitzpatrick’s Dermatology in General Medicine 6th edn.

New York: McGraw-Hill, 2003: 558–67.

31. Pascal A, Shiebert J, Ihrke P. Seasonality and environmental risk

factors for pemphigus foliaceus in animals: a retrospective study

of 83 cases presented to the Veterinary Medical Teaching Hospi-

172 ª 2010 The Authors. Journal compilation ª 2010 ESVD and ACVD, Veterinary Dermatology, 21, 166–174.

Vaughan et al.



tal, University of California Davis from 1976 to 1994 (abstract).

Proceedings of the American Academy of Veterinary Dermatol-

ogy and American College of Veterinary Dermatology Annual

Meeting. Santa Fe, NM: American Academy of Veterinary Der-

matology, 1995: 24–5.

32. Gross TL, Ihrke PJ, Walder EJ et al. Vascular diseases of the

dermis. In: Skin Diseases of the Dog and Cat: Clinical and His-

topathologic Diagnosis. Oxford, UK: Blackwell Science, 2005:

239–41.

33. Iwasaki T, Yamakita-Yoshida K. Time course of autoantibodies

and clinical signs in canine pemphigus foliaceus (abstract). Veter-

inary Dermatology 2003; 14: 225.

34. Zabel S, Mueller RS, Fieseler KV et al. Review of 15 cases of

pemphigus foliaceus in horses and a survey of the literature. Vet-

erinary Record 2005; 157: 505–9.

35. Werth VP. Systemic glucocorticoids. In: Freedberg IM, Eisen AZ,

Wolff K et al., eds. Fitzpatrick’s Dermatology in General Medi-

cine. 6th edn. New York: McGraw-Hill, 2003: 2381–8.

36. Rencic A, Beck LA. Regulation of the production and activation

of eosinophils. In: Freedberg IM, Eisen AZ, Wolff K et al., eds.

Fitzpatrick’s Dermatology in General Medicine. 6th edn. New

York: McGraw-Hill, 2003: 318–24.

37. Gross TL, Ihrke PJ, Walder EJ et al. Perivascular diseases of the

dermis. In: Skin Diseases of the Dog and Cat: Clinical and Histo-

pathologic Diagnosis. Oxford, UK: Blackwell Science, 2005: 200–

11.

38. Gross TL, Ihrke PJ, Walder EJ et al. Spongiotic and vesicular dis-

eases of the epidermis. In: Skin Diseases of the Dog and Cat:

Clinical and Histopathologic Diagnosis. Oxford, UK: Blackwell

Science, 2005: 105–9.

Résumé L’importance de l’infiltrat cellulaire tissulaire a été étudiée comme outil diagnostique,

mécanisme de pathogénie et indicateur pronostic dans les processus pathologiques de l’homme. Les

éosinophiles, en particulier, ont un rôle précis dans les manifestations des lésions cutanées des dermatites

auto-immunes de l’homme. L’identification d’un infiltrat éosinophilique peut aider au diagnostic d’une mal-

adie bulleuse dans ses premiers stades. Chez les chiens atteins de pemphigus foliacé, les éosinophiles

peuvent être présents à des degrés variables dans les tissus lésionnels. Cette étude évalue rétrospective-

ment 40 chiens atteints de pemphigus foliacé et examine les données cliniques et histopathologiques, et

le pronostic dans les cas avec ou sans infiltrat éosinophilique. Vingt-cinq chiens sur 40 (63%) montraient

un infiltrat éosinophilique au niveau de pustules ⁄ croutes, de l’infundibulum folliculaire ou du derme. Il n’y

avait pas de différence statistique significative dans la nature ou la distribution des lésions dermatologi-

ques, la réponse au traitement ou la résolution de la maladie avec ou sans infiltrat éosinophilique. Cepen-

dant, les chiens atteints d’une maladie concommitante présentaient significativement plus souvent un

infiltrat éosinophilique (P = 0.01). De même, les chiens ayant montré des effets secondaires à la thérapeu-

tique immunosuppressive avaient plus fréquemment un infiltrat éosinophilique (P = 0.05). Quinze chiens

sur 40 (38%) avaient un antécédent de maladie allergique et une proportion significativement plus élevée

de ces animaux avait un infiltrat éosinophilique (P = 0.04). D’autres études sont nécessaires pour établir

le rôle des éosinophiles dans la pathogénie, les stratégies thérapeutiques et le pronostic du pemphigus

foliacé chez le chien.

Resumen La importancia de los infiltrados celulares en tejido se ha investigado como un instrumento de

diagnóstico, mecanismo de patogénesis, e indicador pronóstico en enfermedades humanas. Los eosinófi-

los en particular, tienen un papel diferenciado en las manifestaciones de lesiones cutáneas en enfermed-

ades autoinmunes en personas. La identificación de un infiltrado eosinofı́lico puede ayudar en el

diagnóstico de enfermedades vesiculares inmunomediadas en fases tempranas de la enfermedad. En per-

ros con pénfigo foliáceo, los eosinófilos pueden estar presentes en diverso grado en el tejido lesionado.

Este estudio retrospectivo evaluó 40 perros con pénfigo foliáceo y examinó las caracterı́sticas clı́nicas e

histopatológicas, ası́ como el resultado final en casos con y sin infiltrado eosinofı́lico. Veinticinco de los

cuarenta perros (63%) tenı́an infiltrado de eosinófilos bien en las pústulas ⁄ costras, en el infundibulo folic-

ular o en la dermis. No hubo diferencia estadı́sticamente significativa en la distribución clı́nica ni en el as-

pecto de las lesiones de la piel, respuesta al tratamiento o resultado de la enfermedad en perros con o sin

infiltrado de eosinófilos. Sin embardo perros con una enfermedad asociada tenian una mayor probabilidad

significativa de presentar un infiltrado eosinofı́lico (P = 0,01). De la misma forma, perros con efectos adver-

sos asociados con el tratamiento inmunosupresor tenı́an mayor probabilidad de presentar un infiltrado eos-

inofı́lico (P = 0,05). Quince de los cuarenta perros (38%) tenı́an una historia de enfermedades alérgicas y

una proporción significativa de estos perros tenı́an un infiltrado de eosinófilos (P = 0,04). Hacen falta más

estudios para investigar el papel de los eosinófilos en la patogenia de la enfermedad, estrategias terapéuti-

cas y pronóstico en perros con pénfigo foliaceo.

Zusammenfassung Die Bedeutung von zellulären Infiltraten im Gewebe hat man als diagnostische

Hilfsmittel, als Mechanismen der Pathogenese und als prognostischer Indikator bei Krankheitsprozessen

der Menschen bereits untersucht. Vor allem Eosinophile spielen eine bedeutende Rolle bei der Manifesta-

tion von Hautläsionen bei Autoimmunerkrankungen des Menschen. Das Erkennen eines eosinophilen

Infiltrates kann bei der Diagnose von bullösen Autoimmunerkrankungen bei frühen Veränderungen im

Krankheitsverlauf hilfreich sein. Bei Hunden mit Pemphigus foliaceus können Eosinophile in unterschiedli-

chem Ausmaß im veränderten Gewebe vorkommen. Diese retrospektive Studie evaluierte 40 Hunde mit

Pemphigus foliaceus und untersuchte klinische und histopathologische Charakteristika und den letztendli-

chen Ausgang der Erkrankung in Fällen mit und ohne eosinophilen Infiltraten. Fünfundzwanzig von 40

Hunden (63%) hatten ein eosinophiles Infiltrat entweder in den Pusteln ⁄ Krusten, im follikulären Infundibu-

lum oder in der Dermis. Es bestand kein signifikanter Unterschied in der klinischen Verteilung oder dem

Aussehen der dermatologischen Veränderungen, im Ansprechen auf die Behandlung oder beim Ausgang
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der Erkrankung bei Hunden mit oder ohne eosinophilem Infiltrat. Nichtsdestotrotz wiesen Hunde mit einer

zusätzlichen Erkrankung mit höherer Wahrscheinlichkeit ein eosinophiles Infiltrat auf (P = 0,01). In ähnli-

cher Form hatten Hunde, die Nebenwirkungen auf immunsuppressive Therapie zeigten, mit höherer Wa-

hrscheinlichkeit ein eosinophiles Infiltrat (P = 0,05). Fünfzehn von 40 Hunden (38%) hatten einen

Vorbericht von allergischer Erkrankung und ein signifikant höherer Anteil dieser Hunde zeigte ein eosino-

philes Infiltrat (P = 0,04). Weitere Studien sind nötig, um die Rolle der Eosinophilen in der Pathogenese

von Krankheiten, für therapeutische Strategien und für die Prognose von Hunden mit Pemphigus foliaceus

zu untersuchen.
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