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A two-year-old spayed female mixed-breed dog was presented with a five-day history of hemorrhagic gastroenteritis and fever.
On physical examination, the dog was lethargic and clinically dehydrated. The skin of the entire ventral abdomen extending to
both flanks was erythematous, swollen and painful on palpation. Histopathological examination of skin biopsies revealed a severe
diffuse neutrophilic dermatitis and panniculitis, resembling the subcutaneous form of Sweet’s syndrome in humans. A large part of
the skin lesion developed full-thickness necrosis. After intensive care, three surgical wound debridements and wound adaptations,
the wound healed by secondary intention within ten weeks. In the absence of infection of the skin or neoplasia, a diagnosis of
neutrophilic dermatosis and panniculitis, resembling the subcutaneous form of acute febrile neutrophilic dermatosis, was made.

1. Introduction

Canine sterile neutrophilic dermatosis is a very rare dis-
ease. The reported clinical and histological features of
the disorder in dogs are similar to those described in
humans with acute febrile neutrophilic dermatosis (Sweet’s
syndrome (SS)) [1]. Clinical differential diagnoses in dogs
include conditions characterized by erythematous papules,
pustules, and plaques, such as erythema multiforme, canine
eosinophilic dermatitis, sterile pustular erythroderma of
Miniature Schnauzers, superficial pyoderma, pemphigus
foliaceus, infectious dermatitides, adverse drug reactions,
and toxic shock syndrome [1, 2]. Extracutaneous clini-
cal signs described in previously reported cases in dogs
include fever, arthritis, pneumonia, lameness, and peripheral
neutrophilia and lymphadenomegaly [1-4]. As in humans,
general malaise and extracutaneous signs often precede the
cutaneous manifestations of this syndrome.

Sweet’s syndrome in humans is associated with many
diseases and divided into three categories depending on its
associations: classical or idiopathic SS (often associated with
upper respiratory tract or gastrointestinal tract infection,
inflammatory bowel disease, or pregnancy), malignancy-
associated or paraneoplastic SS (associated with acute
leukemia and other neoplastic conditions), and drug-
induced SS (associated with the administration of gran-
ulocyte colony stimulating factor, certain antibiotics, oral
contraceptives, diuretics, and other medications) [5]. In
addition, a fourth category, known as localized acute febrile
neutrophilic dermatosis, has recently been described and is
associated with cutaneous trauma [6]. The exact pathogen-
esis of SS in humans is not known but immune complexes,
circulating autoantibodies and cytokines, as well as a hyper-
sensitivity response to a bacterial, tumour or viral antigen are
thought to play a role [5, 7-9].



In this paper, we describe new clinical and histological
manifestations of canine neutrophilic dermatosis.

2. Case Presentation

A two-year-old, 7 kg, spayed female mixed-breed dog was
presented to the referring veterinarian for acute febrile
(40.3°C) gastrointestinal hemorrhage and had been treated
for three days with different treatment protocols consisting
of amoxicillin/clavulanic acid (Clavaseptin, Vetoquinol AG,
Ittigen, Switzerland), marbofloxacin (Marbocyl, Vetoquinol
AG, Ittigen, Switzerland), metronidazole (Metronidazol B.
Braun, B. Braun Medical AG, Sempach, Switzerland), a
combination of streptomycin and benzylpenicillin (Strepto-
Penicillin, Vetoquinol AG, Ittigen, Switzerland), metami-
zole (Novalgin, Sanofi-Aventis, Meyrin, Switzerland), pred-
nisolone (Prednisolon Streuli, G. Streuli & Co. AG,
Uznach, Switzerland), ranitidine (Zantic, Glaxosmithkline,
Muenchenbuchsee, Switzerland), metoclopramide (Pasper-
tin, Abbott, Altishofen, Switzerland), and maropitant (Cere-
nia, Pfizer, Zuerich, Switzerland). Dosing regimens and
frequency of administration were not available. The dog had
been vaccinated six months prior to presentation against
canine contagious hepatitis, parvovirosis, and distemper and
had no previous history of illness.

On the fourth day of treatment, the dog was severely
lethargic and was referred for further evaluation. At presen-
tation, the dog was lethargic, dehydrated and had diarrhea
which was no longer hemorrhagic. Physical examination
revealed an increased heart rate (140 beats per minute), dry
and pale mucous membranes, mild generalized peripheral
lymphadenomegaly, and a rectal temperature of 39°C. A
large tender erythematous patch with a deep purple- to
black-colored center was present covering the entire ventral
abdominal area from the caudal thorax to the inguinal region
and extending up to both flanks. Ulcerations were seen in
the center of the lesion from which a superficial layer could
be further peeled off leaving a denuded, exudative surface
(Figure 1). Furthermore, some small superficial vesicles were
present. Nikolsky’s sign was negative over the erythematous
skin; the outer layer of skin was not rubbed off by applying
pressure to it indicating no sign of poor cellular cohesion.
In the darker colored part of the lesion; the skin did
not blanche on diascopy. Differential diagnoses were a
chemical or thermal burn, vasculitis, possibly associated
with septicemia, cutaneous adverse drug reaction, and toxic
epidermal necrolysis.

A complete blood count and serum chemistry profile
revealed leukocytosis (24.8 x 10°/L; reference range 6—
12 x 10°/L) with a left shift (band neutrophils 12.78 x
10°/L; reference range 0-0.3 X 10°/L) and hypoalbuminemia
(12 g/L; reference range 29.7-40 g/L). The coagulation profile
was within normal limits. Survey laterolateral and ventrodor-
sal thoracic radiographs and abdominal ultrasound were
unremarkable.

Cytological examination of impression smears taken
from an opened superficial vesicle showed numerous rod-
shaped bacteria and neutrophils. Culture from this lesion
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FiGure 1: Photograph of skin lesions at the time of presentation:
a large erythematous patch with a dark ulcerative center is visible
extending across the entire ventral abdominal area up to both
flanks. A superficial layer can be peeled off leaving a denuded
surface.

subsequently revealed growth of Pseudomonas aeruginosa.
Antibiotic sensitivity testing indicated the bacteria to be
resistant to chloramphenicol, tetracycline, and trimethoprim
sulfonamide but sensitive to ciprofloxacin and enrofloxacin
as well as to ceftazidim.

Multiple skin punch biopsies were taken for histopatho-
logical examination which demonstrated a severe intersti-
tial, neutrophilic deep dermatitis, and neutrophilic panni-
culitis. Analogous to the progression of the macroscopic
skin lesions, histopathological findings varied in severity
between those taken from areas with mild erythema to
those taken in areas with necrosis. The dominating feature
was an increasing perivascular-to-interstitial infiltration of
neutrophils with a more intense infiltration of the subcutis
than the dermis. In the mildly erythematous samples, the
moderate infiltrate of mainly mature neutrophils was located
in the septa of the subcutis and extended between the muscle
fibers (Figure 2(a)), while the same cells were just sprinkled
as single cells throughout the dermis. The blood vessels
seemed to be free of changes. In more marked macroscopic
lesions characterized by a dark-red skin color, a progression
to a more severe perivascular-to-diffuse infiltration of the
subcutis and the dermis with degenerate neutrophils, some
round cells, and scattered karyorrhectic debris was seen
(Figure 2(b)). Marked edema was present in the subepider-
mal dermis and in a lesser degree in the deep dermis. In some
blood vessels there was leukocytostasis with neutrophils
often attached to the vascular endothelium. The sample
presenting a grossly visible vesicle showed severe diffuse
interstitial infiltration of mainly degenerate neutrophils in
the dermis and subcutis, in-between the muscle fibers,
and in the fascia, and multifocal to coalescing necrosis
with disseminated karyorrhectic debris and subcutaneous
thrombosis of involved vessels (Figure 2(c)). The necrotic
epidermis was either separated from the dermis leaving
the dermis denuded or severely degenerate with hydropic
and beginning ballooning changes with hypereosinophilic
cytoplasm and multifocal nuclear pyknosis (Figure 2(d)).
Sub- and intraepidermally, there was a severe infiltration
with mainly degenerate neutrophils forming a pustule. In
the sample with epidermal necrosis, the necrotic changes
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FiGURrE 2: Histopathological images stained with hematoxylin and eosin (H&E) illustrating the histologic progression of severity analogous
to the progression of macroscopic lesions. (a) Haired skin, the overview demonstrates a moderate infiltrate of neutrophils in the septa of the
subcutis and extending between muscle fibers. Original magnification x20. (b) Haired skin, epidermis and dermis: there is a perivascular
to interstitial infiltrate of neutrophils (inset) in the dermis, giving the appearance of being sprinkled throughout the tissue. Original
magnification X100, inset xX400. (c) Haired skin, subcutis and muscle fibers: diffuse necrosis with disseminated karyorrhectic debris and
subcutaneous thrombosis of involved vessels (inset). Original magnification x40, inset x400. (d) Haired skin, epidermis and dermis: the
epidermis (inset) is hypereosinophilic and necrotic with severe infiltration with mainly degenerate neutrophils forming an intraepidermal
pustule. The dashed line marks the border between dermis and necrotic epidermis. Original magnification X100, inset x400.

reached below the subcutis, affecting also the adnexa. The
epidermis showed the same features as in the aforementioned
sample but without the sub- and intraepidermal infiltrate.
The dermis and subcutis were severely edematous, the
collagen fibers were swollen and hyalinized, and there was
widespread hemorrhage, all providing evidence for vascular
damage. The inflammatory infiltration in the dermis was as
described in the former samples.

The dog was treated with intravenous fluids, gastric
protection therapy, analgesics, and antibiotics and dexam-
ethasone (Table 1). On the third day, diarrhea had resolved,
but the dog continued to vomit intermittently for three
more weeks. By the seventh day, the dog’s general condition
had improved, the erythema at the margins of the patch
resolved, and a large part of the darker colored center of
the erythematous patch was demarcated (Figure 3). The
necrotic skin was debrided, and partial closure of the defect
was performed under general anesthesia. After 17 days of
hospitalization, the leukocytes were within normal range,
and the neutrophil left shift was absent after 33 days.
Hypoalbuminemia normalized within 26 days.

Four weeks after initial presentation, an autologous full-
thickness mesh graft was placed over a healthy bed of
granulation tissue. A vacuum-assisted closure device was
applied with continuous suction for five days, and the wound
dressing was changed every three days [10]. The graft failed
and was removed six days after surgery but multiple skin
punch grafts, performed two weeks later, were successful. The
remaining wound healed by secondary intention (Figure 4).
Further wound treatment included daily wound irrigation
with a full electrolyte solution (Plasma-Lyte A, Baxter AG,
Volketswil, Switzerland) and a nonadhering wound dressing
(Adaptic, Sytagenix Wound Management Limited, Gargrave,
North Yorkshire, UK) until healing was complete.

The dog remained hospitalized for a total of ten weeks
to ensure proper wound care. During this time the dog
remained normothermic and was finally discharged from the
hospital in good general condition and with a nearly resolved
skin lesion. Complete healing of the lesion occurred after
12 weeks (Figure 5). On follow-up telephone consultation
with the owner eight months after discharge, the dog was in
excellent general condition and did not receive any further
treatment.



Case Reports in Veterinary Medicine

TaBLE 1: Protocol of the administered drugs during hospitalization of the dog. All listed drugs were administered from the day of presentation

onwards, unless mentioned otherwise.

Drug ingredient Dose and form of application Duration of application
Antibiotics
Enrofloxacin® 11 mg/kg per os (PO) q 12 hr 6 weeks
Amoxicillin/clavulanic acid® 20 mg/kg intravenously (IV) g 8 hr 5 weeks

Amoxicillin/clavulanic acid®

12.5mg/kg PO g 12 hr

Metronidazoled 15mg/kg IV g 12 hr
Glucocorticoids
Dexamethasone® 0.15mg/kg IV g 12 hr
Prednisolonef 2mg/kg PO g 24 hr
Analgesics
Fentanylé 2.5-7.5 ug/kg/hr (c((:)gﬁant rate infusion
Ketamine” 10 pg/kg/hr CRI
Buprenorphine! 0.01-0.02 mg/kg subcutaneously g 8 hr
Tramadol 3mg/kg PO q 8 hr
Gastric protection
Omeprazole® 1 mg/kg PO q 24 hr
Sucralfate! 30mg/kg PO g 12 hr
Metoclopramide™ 0.2mg/kg IV g 6 hr
Dolasetrone” 0.5mg/kg q 24 hr
Fluid therapy

Full electrolyte solution®

1-4 mL/kg/hr CRI

2 weeks (following IV administration)

1 week

6 days

2 weeks (following dexamethasone), then gradually
tapered over 4 weeks

10 days

8 days
3 weeks

3 weeks

7 weeks
10 days
10 days
7 days

4 weeks

2Baytril 2.5%, Provet AG, Lyssach, Switzerland; bAugmentirl Adult, Glaxosmithkline, Muenchenbuchsee, Switzerland; “Clavaseptin, Vetoquinol AG, Ittigen,
Switzerland; Metronidazol B. Braun, B. Braun Medical AG, Sempach, Switzerland; ®Dexatat, Dr. E. Graeub AG, Bern, Switzerland; fprednisolon Streuli, G.
Streuli & Co. AG, Uznach, Switzerland; 8Sintenyl i.v. 0.5 mg, Sintetica S.A., Mandrisio, Switzerland; hKetasol, Dr. E. Graeub AG, Bern, Switzerland; iTemgesic,
Essex Pharma GmbH, Munich, Germany; jTramadol-Mepha 50 retard, Mepha Pharma AG, Aesch, Switzerland; kOmeprazol—Teva, Teva Pharma AG, Aesch,
Switzerland; 'Ulcogant Suspension, Merck Serono GmbH, Darmstadt, Germany; ™Paspertin, Abbott, Altishofen, Switzerland; " Anzemet, Sanofi-Aventis;

Meyrin, Switzerland; °Plasma-Lyte A, Baxter AG, Volketswil, Switzerland.

FiGure 3: Photograph of skin lesions on day 7 after surgical
debridement of necrotic areas: necrotic skin has been surgically
resected after demarcation. Complete wound closure is not possible.
The suture reduces the tension of the wound and holds the wound
dressing in position.

3. Discussion

The cardinal features of SS in humans are an acute onset of
general malaise, fever, marked leukocytosis, and the develop-
ment of tender erythematous skin lesions with histological

F1GURE 4: Photograph of skin lesions on day 38: granulation tissue
is visible covering the wound.

evidence of perivascular-to-interstitial dermal infiltrate of
mature neutrophils [5, 8, 11]. In humans and in the five
previously reported cases in dogs, multiple lesions including
erythematous plaques, nodular, pustular, and papular lesions
are described, unlike the single large lesion in the case
reported herein [2-5, 8, 9, 11, 12]. It is also noteworthy that
this dog survived whereas three of five previously described
dogs died of the disease [2, 3]. Both surviving dogs were
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FiGure 5: Photograph of skin lesions on day 84: almost complete
wound healing is visible.

treated with corticosteroids soon after admission, as was
the dog in this paper. In humans with classical SS, an
excellent response to systemic corticosteroids is one of the
criteria used to confirm diagnosis [5]. This positive effect
of corticosteroids would seem to uphold the theory that SS
is a sterile inflammatory process caused by an exaggerated
immune response in otherwise immunocompetent patients.

The dog in this paper was initially presented to the refer-
ring veterinarian with signs of hemorrhagic gastroenteritis,
which is consistent with the association with gastrointestinal
disorders observed in some human classical SS cases (8, 11,
13-17]. However, it is unclear as to whether the inciting
cause was a gastrointestinal disorder or the administration of
drugs in this case. Drug-induced SS in people is associated
with a large variety of drugs in humans, including nons-
teroidal anti-inflammatory drugs and antibiotics [14, 16—
22]. Moreover, carprofen was administered to three of the
five previously reported dogs affected with SS, and firocoxib
was administered to the fourth [2—4]. Although these drugs
were not administered to the dog in the present paper,
the COX inhibitor metamizole was, as well as a number
of different antibiotics. Therefore a drug-induced etiology
cannot be excluded. In contrast, a possible paraneoplastic
etiology of SS was ruled out based on our diagnostic work-
up and a follow-up time of several months. A previous local
trauma could be excluded as there was no evidence for it in
the history.

The common histological feature of SS is a uniform,
dense, moderate-to-extensive infiltrate of neutrophils in the
upper dermis. The epidermis is usually normal, although
mild reactive changes may be seen [5, 8, 23]. Variable
dermal edema is not uncommon, sometimes leading to
subepidermal bulla formation which suggests the appearance
of a vesicle. Based on the histopathological findings in
the skin biopsies, a subcutaneous form of neutrophilic
dermatosis is possible in the dog in this paper. A lobular
or septal panniculitis or both are described features of
subcutaneous SS in humans [5, 11, 24, 25]. In this variant
of SS, the neutrophilic infiltrate may remain localized to
the subcutaneous fat or extend secondarily to the overlying
dermis, as seen in the present case [5, 24]. A neutrophilic
septal panniculitis was also described in one previously
reported dog with SS-like disease [2].

Vasculitis, which was observed in the dog in this paper,
was initially a criterion for exclusion of a diagnosis of SS in

humans. However, it is now recognized that leukocytoclastic
vasculitis does occur in many SS patients, although it is
unclear as to whether this represents a primary or secondary
epiphenomenon in SS [5, 25, 26]. Vasculitis was also
described in three of the five previously reported canine
cases [3, 4]. Depending on the size, the number of involved
vessels, and intensity of released cytokines, it is possible that
necrosis developed as a result of vasculitis in the subcutis in
the reported case, especially as necrosis was not observed in
the areas in which vasculitis was not seen.

Some of the clinical and histological signs in the dog
described herein are similar to those described in a dog with
sterile neutrophilic nodular panniculitis in which a vasculitis
was identified as well as those described in a dog with SS-
like skin and extracutaneous lesions in which a neutrophilic
septal panniculitis and vasculitis at extracutaeous sites were
diagnosed histologically [2, 27]. Both conditions may repre-
sent part of a spectrum of signs of the same syndrome elicited
by an immune response to an infection or other stimulus.
The common features of the syndrome appear to include
an acute onset, fever, a prodromal inflammatory process
or drug history, and a range of lesions including vasculitis
and panniculitis. The term canine acute febrile neutrophilic
dermatosis may therefore be more appropriate than the
currently used name canine sterile neutrophilic dermatosis,
until more is understood about the pathophysiology of this
condition in the dog. Furthermore, the role of bacteria as a
primary or secondary agent is not evident in this particular
case, as depicted below. Therefore the term “sterile” was
avoided in the description of the diagnosis.

Although a favorable response to corticosteroids is
reported in canine sterile nodular panniculitis, thus far only
three reported dogs with SS-like disease survived, including
our case. It is therefore unclear if treatment response may
be used as a diagnostic criterion in dogs as in the human
counterpart.

In the reported case differential diagnoses for the pre-
senting clinical sign of an erythematous patch included a
severe chemical or thermal burn but these were ruled out
based on history and histopathology, in particular because
a dense neutrophilic infiltrate in the subcutis with only few
neutrophils in the dermis was found in less severely affected
areas of the skin, suggesting an insult initiated in the deeper
areas of the skin.

Culture of Pseudomonas aeruginosa from the surface
swabs of the necrotic skin may suggest primary pyoderma
or septicemia-induced cutaneous necrosis. However, bacteria
were not observed on routine histopathology. Addition-
ally, histopathological changes were not consistent with
those expected in primary pseudomonal dermatitis, such
as primary suppurative folliculitis and furunculosis with
pyogranulomatous dermatitis and panniculitis, or sepsis
characterized histologically by dermal necrosis associated
with severe vascular fibrinoid necrosis and fibrin thrombi
[28, 29]. Septicemia was also considered unlikely based on
the results of hematology and coagulation profile. Blood
cultures were not performed. With the information available,
Pseudomonas aeruginosa was judged to be a secondary
bacterial contaminant, probably restricted to the necrotic



area without further impact on the etiology or pathogenesis
of the disease.

In summary, this paper describes a dog with unusual

clinical and histological signs of SS-like disease or acute
febrile neutrophilic dermatosis with a favorable response to
treatment.
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