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ABSTRACT

A 10-year-old, spayed female Shih Tzu dog presented with a history of progressive erythema and
multiple crusts developing 85 days previously. The dog had been diagnosed with hyperadrenocorticism
(HAC) 55 days prior to presentation and was treated with oral trilostane (2.86 mg/kg, once daily) that
was discontinued due to a poor response. In addition to generalised alopecia, erythematous plaques and
crusts were noted on the trunk, head and footpads. Lesional impression smears revealed numerous
acantholytic cells and non-degenerated neutrophils. Histopathological findings demonstrated sub-
corneal pustules with acantholytic cells and intact neutrophils. On the basis of these findings, we
diagnosed pemphigus foliaceus (PF) with concurrent HAC. We wished to avoid glucocorticoids and,
therefore, prescribed oral, once-daily azathioprine (2 mg/kg), modified cyclosporine (7 mg/kg) and
ketoconazole (5 mg/kg). By day 71 post-treatment, the erythematous crusts had almost disappeared and
the alopecia had improved considerably. However, by the subsequent follow-up examination on day 99,
the clinical signs had reappeared due to the tapering of cyclosporine. To the best of our knowledge, this
is the first case report describing concurrent PF and HAC in a dog. Combination therapy with
azathioprine, modified cyclosporine and ketoconazole was effective, and should be considered for dogs
diagnosed with concurrent autoimmune diseases and HAC.
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INTRODUCTION

Pemphigus foliaceus (PF) is an autoimmune skin disorder characterised by the production of
autoantibodies targeting intercellular desmosomes on keratinocytes (Hnilica and Patterson,
2016). PF is usually treated by systemic immunosuppressive therapy using glucocorticoids
alone or in combination with additional immunosuppressive agents (Mueller et al., 2006).

Hyperadrenocorticism (HAC) is an endocrinopathy showing the typical clinical signs
caused by hypercortisolism (chronic overproduction of cortisol by the adrenal cortices)
(Alenza and Meli�an, 2017). Common clinical signs include polyphagia, polyuria, polydipsia,
muscle weakness, panting and abdominal enlargement (Behrend, 2015). Cutaneous changes,
such as hyperpigmentation, non-pruritic alopecia and secondary pyoderma, may also present
in HAC (Zur and White, 2011). HAC is usually treated by inhibition of cortisol production
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through lysis of the adrenal cortex or pharmaceutical inhi-
bition of cortisol biosynthesis (Alenza and Meli�an, 2017).

Many cases of iatrogenic HAC have been reported in
dogs undergoing glucocorticoid treatment for autoimmune
disease. However, the co-occurrence of autoimmune disease
in dogs with non-iatrogenic HAC is very rare. In this paper
we report an interesting case of PF with concurrent naturally
occurring HAC and assess the efficacy of an alternative to
glucocorticoid therapy for this combined disorder.

CASE REPORT

A 10-year-old, 3.5-kg, spayed female Shih Tzu dog with a
history of HAC was referred to us with progressive skin
lesions. The dog had shown only multifocal dermatologic
signs, including pustules, crusts and ulceration, 85 days prior
to presentation. At the first animal hospital, the dog was
diagnosed with superficial pyoderma presumptively result-
ing from endocrinopathy and treated with cephalexin and
amoxicillin–potassium clavulanate. Despite receiving treat-
ment for bacterial infection, the dermatologic signs deteri-
orated and the dog was referred to a second animal hospital
for identification of the endocrinopathy-related dermatosis.
At the second animal hospital, 55 days before presentation
to our institution, an adrenocorticotropic hormone (ACTH)
stimulation test was performed, showing a baseline serum
cortisol concentration of >276 nmol/L (reference range:
55.2–165.6 nmol/L), and a corresponding value of >828
nmol/L after ACTH stimulation (reference range: 165.6–
496.8 nmol/L). Ultrasonographic evaluation of the adrenal

glands showed left and right adrenal gland widths of 6 and
5.2 mm, respectively. On dermatologic examination, an
impression smear showed numerous acantholytic cells, non-
degenerated neutrophils and some phagocytic neutrophils
including cocci. Fungal culture using a dermatophyte test
medium and Sabouraud dextrose agar was performed, and
the results were negative. A complete blood count and
biochemical profile showed moderate leucocytosis (29.38 3
109/L; reference range: 5.05–16.76 3 109/L), with mild
neutrophilia (14.38 3 109/L; reference range: 2.95–11.64 3
109/L), moderate monocytosis (3.75 3 109/L; reference
range: 0.16–1.12 3 109/L) and moderate lymphocytosis
(10.99 3 109/L; reference range: 1.05–5.10 3 109/L), as well
as mildly increased alkaline phosphatase activity (311 IU/L;
reference range: 29–97 IU/L). On the basis of these results,
the dog was diagnosed with superficial pyoderma due to
HAC and treated using oral trilostane (2.86 mg/kg, once
daily), marbofloxacin, cephalexin and metronidazole. Itra-
conazole was also prescribed, although fungal cultures were
negative.

Despite receiving treatment for 55 days at the second
animal hospital, the clinical signs deteriorated. For this
reason, the dog was referred to our institution. We repeated
the ACTH stimulation test on admission to identify the state
of HAC. Pre- and post-ACTH serum cortisol concentrations
were 240 and 270 nmol/L, respectively. Physical examina-
tion on admission revealed erythematous, crusting derma-
titis of the head, face, trunk, forelimbs and hindlimbs, as
well as generalised alopecia (Fig. 1A and B). Hyperkeratosis
of all footpads and bilateral corneal ulcers were present.
On dermatologic examination, an impression smear of

Fig. 1. Typical skin lesions of pemphigus foliaceus in a dog with hyperadrenocorticism, at initial presentation and after immunosuppressive
treatment using oral once-daily azathioprine, modified cyclosporine and ketoconazole. (A, B) Severe generalised alopecia from hyper-

adrenocorticism and multiple erythematous crusts on the head, trunk, forelimbs and hindlimbs before treatment. (C, D) Almost complete
resolution of lesions at 71 days after immunosuppressive treatment
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remarkable lesions revealed numerous acantholytic cells and
non-degenerated neutrophils. Bacterial culture was per-
formed, and Sphingomonas paucimobilis was grown. Other
tests such as Wood’s lamp examination, a trichogram, hair
fungal culture on dermatophyte test medium and Sabouraud
dextrose agar, and skin scrapings were negative for derma-
tophytosis and ectoparasites. A complete blood count and
biochemical profile revealed severe monocytosis (10.45 3
109/L; reference range: 0.16–1.12 3 109/L), severe lympho-
cytosis (14.98 3 109/L; reference range: 1.05–5.10 3 109/L),
severe neutrophilia (38.17 3 109/L; reference range: 2.95–
11.64 3 109/L), moderate anaemia (packed cell volume:
21.1%; reference range: 37.3%–61.7%), moderate hypo-
albuminaemia (17 g/L; reference range: 26–33 g/L) and
moderately increased alkaline phosphatase activity (534 IU/
L; reference range: 29–97 IU/L). We obtained punch skin
biopsy samples from the head and left lateral elbow. The dog
was initially treated with trimethoprim–sulphamethoxazole
(30 mg/kg, orally, twice daily; Septrin tab., Samil Pharm.,
Seoul, South Korea), terbinafine (30 mg/kg, orally, twice
daily; Lamisil Tab., Novartis, Barcelona, Spain), ivermectin
(0.3 mg/kg, orally, once daily; Ivomec, Merial, Lyon, France)
and bathing with an antibacterial shampoo (MALASEB-F,
Dermcare-Vet Pty Ltd., Australia) for infectious skin dis-
eases before the biopsy results came back 11 days later.
Despite this treatment, the dermatologic signs did not
improve. Histopathological examination revealed prominent
subcorneal pustules containing well-preserved neutrophils
and a number of acantholytic cells (Fig. 2A). Detachment of
acantholytic keratinocytes from the stratum spinosum was
evident at the base of the pustule. Superficial lymphocytic
infiltrates with occasional eosinophils were observed in the
dermis. Acantholytic cells were characterised by round to
polyhedral shape with abundant hypereosinophilic cyto-
plasm and a viable nucleus (Fig. 2B). The dog also showed
orthokeratotic hyperkeratosis and follicular keratosis sug-
gestive of HAC. On the basis of these combined findings and
the history of poor response to treatment for infectious skin
disease, the dog was diagnosed as showing PF with con-
current HAC, and immunosuppressive therapy was indi-
cated. Because the dog had HAC and bilateral corneal ulcers,
to avoid the side effects of glucocorticoids, the dog was

treated initially once daily with oral azathioprine (2 mg/kg;
Immuthera Tab., Celltrion Pharm Inc., Cheongju, South
Korea), modified cyclosporine (7 mg/kg; Cipol-N, Chong
Kun Dang Pharm. Corp., Seoul, South Korea), ketoconazole
(5 mg/kg; Ketoconazole Tablets, Eaglevet, Seoul, South Ko-
rea) and amoxicillin–potassium clavulanate (25 mg/kg;
Clavet-50, Cipla, Mumbai, India), while discontinuing
trimethoprim–sulphamethoxazole. Ketoconazole was used
to both elevate serum cyclosporine levels and help manage
the HAC. Trilostane was discontinued due to a poor
response and side effects such as lethargy and hyporexia.
Follow-up examination on day 11 after initiation of
immunosuppressive therapy revealed disappearance of more
than 50% of the erythematous crusts, and slow improvement
of the generalised alopecia. An impression smear of the
lesion also showed numerous acantholytic cells and intact
neutrophils. Blood analysis showed similar results as the first
examination; severe neutrophilia (30.64 3 109/L; reference
range: 2.95–11.64 3 109/L), moderate anaemia (packed cell
volume: 23.8%; reference range: 37.3–61.7%), moderate
hypoalbuminaemia (17 g/L; reference range: 26–33 g/L), and
mildly increased alkaline phosphatase activity (318 IU/L;
reference range: 29–97 IU/L). The dog was maintained on
the above doses of azathioprine, modified cyclosporine, ke-
toconazole and amoxicillin–potassium clavulanate. A third
ACTH stimulation test on day 37 after immunosuppressive
therapy showed pre- and post-ACTH serum cortisol con-
centrations of <30 and 89 nmol/L, respectively. Progressive
improvements of the skin lesions until day 47 after immu-
nosuppressive therapy permitted tapering of the oral
modified cyclosporine and ketoconazole doses to 7 and 5
mg/kg every other day, respectively, while maintaining the
doses of azathioprine and amoxicillin–potassium clav-
ulanate. By day 71 post-treatment, more than 90% of the
erythematous crusts had disappeared, and the alopecia had
improved considerably without adverse events (Fig. 1C and
D). We decided to maintain the dose of medications until
the next follow-up.

By the time of the next follow-up examination on day 99,
however, new erythematous crusts had appeared on the
trunk, and hyperkeratosis of the footpads had worsened. An
impression smear of the lesions showed numerous

Fig. 2. Histopathological findings of pemphigus foliaceus in a dog. (A) Head. Separation of the stratum corneum and subcorneal pustule,
with numerous non-degenerated neutrophils. Haematoxylin and eosin (HE). (B) Head. A number of free-floating acantholytic cells with

eosinophilic cytoplasm and numerous non-degenerated neutrophils (HE)
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acantholytic cells and intact neutrophils. Laboratory exam-
inations showed severe neutrophilia (32.86 3 109/L; refer-
ence range: 2.95–11.64 3 109/L), moderate anaemia (packed
cell volume 25.0%; reference range: 37.3–61.7%), mild
hypoalbuminaemia (21 g/L; reference range: 26–33 g/L) and
moderately increased alkaline phosphatase activity (986 IU/
L; reference range: 29–97 IU/L). This dermatologic deteri-
oration prompted us to discontinue the combination ther-
apy of azathioprine, modified cyclosporine and ketoconazole
with amoxicillin–potassium clavulanate, and to change the
immunosuppressive treatment to mycophenolate mofetil
monotherapy (20 mg/kg, orally, twice daily; CellCept, Roche,
Basel, Switzerland) with trimethoprim–sulphamethoxazole
(30 mg/kg, orally, twice daily; Septrin tab., Samil Pharm.,
Seoul, South Korea). Partial response was maintained during
a further 35 days of this treatment, but the patient was then
lost to follow-up.

DISCUSSION

To the best of our knowledge, this is the first report of
concurrent PF and non-iatrogenic HAC in a dog. While
cases of autoimmune disease, such as Graves’ disease,
Hashimoto thyroiditis, psoriasis, systemic lupus erythema-
tosus, rheumatoid arthritis, myasthenia gravis and Horton
disease, accompanied by Cushing’s syndrome (CS) have
been reported in humans (Petramala et al., 2018), such re-
ports are rare in veterinary medicine. Concurrence of
autoimmune disease and CS may be obscure and not be
recognised until the remission of CS, because endogenous
glucocorticoids are favourable for suppressing activated
immune function. It is known that autoimmune diseases
may be newly diagnosed after remission of hypercortisolism
(Petramala et al., 2018) and that the clinical signs of auto-
immune diseases generally improve as a result of excess
endogenous glucocorticoids in human patients with CS
(Arima et al., 1998; Sen�ecal et al., 1994). In contrast, the
present case showed no improvement in the clinical signs of
PF despite the hypercortisolism from HAC. Therefore, we
considered it likely that this dog was refractory to gluco-
corticoids.

The most effective systemic immunosuppressive thera-
pies for PF generally use glucocorticoids alone or in com-
bination with additional immunosuppressive agents
(Mueller et al., 2006). In the current case, because the dog
presented with HAC and bilateral corneal ulcers and was
thought to be refractory to glucocorticoids, the application
of glucocorticoids was contraindicated. As an alternative, we
attempted combination therapy with other immunosup-
pressive agents. Azathioprine is the first choice of gluco-
corticoid-sparing agents (Mueller et al., 2006). However,
although azathioprine has been used as a drug to achieve
final control of PF in some cases, it had been applied initially
in combination with other immunosuppressive agents
whose doses were gradually tapered and ceased (Mueller
et al., 2006). Cyclosporine had also been used as a single

immunosuppressive agent in PF, but it showed limited ef-
ficacy in one study (Rosenkrantz et al., 1989). In comparison
with monotherapy of each drug, a combined regimen of
azathioprine and cyclosporine was reported to be effective in
human glucocorticoid-resistant ulcerative colitis (Campbell
and Ghosh, 2003) and canine refractory PF (Rosenkrantz
and Aniya, 2007). For these reasons, we decided to use
combination therapy of azathioprine and modified cyclo-
sporine instead of monotherapy and used ketoconazole to
both elevate serum cyclosporine levels and also help manage
the HAC.

Although PF usually occurs spontaneously, it may also
be related to drug administration. Previously, drug-related
PF was observed in dogs receiving trimethoprim–sulpho-
namide, cephalexin and oxacillin (White et al., 2002). Spe-
cifically, the skin eruptions always occur after the onset of
suspected antibiotic treatment. In the present case, we
considered the possibility of a pemphigus-like drug reaction
to cephalexin, trimethoprim–sulphamethoxazole and trilos-
tane. However, because the same dermatological signs were
first noted before the application of cephalexin, trimetho-
prim–sulphamethoxazole and trilostane, the condition that
we report is likely to be a spontaneous PF rather than a
drug-induced eruption.

PF is characterised by presence of autoantibodies tar-
geting the desmosomal proteins of keratinocytes, resulting in
separation of keratinocytes. In human patients with PF, the
majority of circulating immunoglobulin G autoantibodies
target conformational epitopes on the desmosomal cadherin
desmoglein-1 (Koulu et al., 1984). However, indirect
immunofluorescence of canine PF sera showed that anti-
desmoglein-1 autoantibodies were rare in dogs (Olivry et al.,
2006). Therefore, desmoglein-1 is a minor autoantigen in
canine PF compared to humans. Desmocollin-1 is also a
calcium-dependent cadherin for adhesion between kerati-
nocytes in the epidermis. The epidermis in desmocollin-1-
deficient mice showed weakened adhesion, including
epidermal fragility and acantholysis, similar to human PF
(Chidgey et al., 2001). A recent study reported that canine
PF was characterised by the production of immunoglobulin
G antibodies against desmocollin-1 (Bizikova et al., 2012). In
this study, the proportion of anti-desmocollin-1 immuno-
globulin G antibodies in canine PF was significantly higher
than that in healthy dogs. Therefore, the identification of
anti-desmocollin-1 autoantibodies, not anti-desmogelin-1
autoantibodies, can be a specific marker for the diagnosis of
canine PF.

The most important diseases to be differentiated from PF
are staphylococcal pyoderma, demodicosis and dermato-
phytosis. At the time of writing this report, there were no
serum samples to identify anti-desmocollin-1 autoantibodies
to specifically diagnose PF. However, since the typical clin-
ical signs were evident, a diagnosis of PF could be readily
made. Before presentation to our institution, long-term (85-
day) treatments for bacterial and fungal infection were
performed in the first and second animal hospitals. More-
over, we repeated treatment against bacterial, fungal and
ectoparasitic diseases for 11 days. Despite receiving this
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long-term treatment for infectious diseases, the dog showed
poor response and deterioration of dermatologic signs.
Furthermore, because bacterial pyoderma, which is a
representative pustular disease, does not cause crusting of
the footpads or involve the ears, infectious agents were
thought to not contribute to this case. Some retrospective
studies have also diagnosed PF on the basis of histopatho-
logical findings (pustules with marked acantholytic cells)
with history and physical examination features suggestive of
PF and ruling out infectious skin diseases (Gomez et al.,
2004; Mueller et al., 2006). In the present case, the dog was
diagnosed with PF on the basis of all these facts.

Although the relapse rate of canine PF has not been
reported, that of human PF was reported to be 67% (Ujiie
et al., 2019). In human PF, a relapse would occur as the dose
of prednisolone is tapered to approximately 0.1 mg/kg (Ujiie
et al., 2019). If a relapse or poor response to therapy is
identified, the possibility of a secondary infection or
demodicosis should be considered. Because we not only
examined for secondary infection and demodicosis but also
prescribed antibiotics, the cause of clinical recurrence in our
case was suspected to be the tapering of the cyclosporine
dose. However, further studies are needed to identify the
efficacy and relapse rate of this combination therapy in the
future.

In the present case, abnormal results in the complete
blood count and the biochemical profile, such as neutro-
philic leucocytosis, hypoalbuminaemia and increase in
alkaline phosphatase activity, were identified and persisted
during the treatment period. The relationship between PF
and the findings of blood analysis has been rarely investi-
gated. Vaughan et al. (2010) reported the results of a com-
plete blood count and biochemical profile performed in 28
dogs before the initial treatment. Major findings were
neutrophilic leucocytosis (64%), hypoalbuminaemia (25%),
increased serum alkaline phosphatase activity (21%),
increased serum alanine transaminase activity (4%), hyper-
cholesterolaemia (4%) and azotaemia (4%). Although the
abnormal results in this case may have been affected by
HAC, they were most likely due to the combination effect of
PF and HAC.

The low-dose dexamethasone suppression test is known
to be much more sensitive in diagnosing HAC than the
ACTH stimulation test (Behrend et al., 2013), but its use for
diagnosis in the present case was precluded by the absence of
the low-dose dexamethasone suppression test at the previous
animal hospital and our desire to use comparable diagnostic
methods.

This is the first reported case of concomitant PF with
HAC in veterinary medicine. Although complete remission
was not shown, our findings suggest that combination
therapy with azathioprine, modified cyclosporine and keto-
conazole may be considered an alternative to glucocorticoids
for refractory patients, or for cases in which glucocorticoid
therapy is limited for other reasons. Further studies will be
required to investigate the pathogenesis of concurrent PF
and HAC in canine patients.
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