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Background - The Burkholderia cepacia complex (Bcc) is an emerging cause of opportunistic infections. Deep
pyoderma associated with Bcc infection has been reported previously in dogs receiving ciclosporin.

Objective — To report the clinical and histopathological features of four additional cases of Bcc dermatitis in
dogs, one of which progressed to septicaemia.

Animals - Four dogs with a skin culture yielding growth of Bcc and skin biopsies for histopathological investiga-
tion.

Methods and materials — Retrospective review of medical records and skin biopsies and PCR for Burkholderia
on DNA extracted from paraffin-embedded skin and liver to confirm Bcc sepsis.

Results — Three different breeds and one mixed breed dog were represented. Two dogs were receiving ciclos-
porin and one was receiving oclacitinib. One dog had no evidence of immunosuppression. One dog was bathed
two days prior to onset of skin lesions. Three dogs presented with dorsally orientated ulcers, crusts and draining
tracts; one dog had infection localized to a surgical site. The main histological feature from skin biopsies was sev-
ere neutrophilic folliculitis and furunculosis with marked neutrophilic to pyogranulomatous dermatitis. Intracellular
Gram-negative and Warthin—Starry positive rods were present in three of four cases. Three dogs were success-
fully treated with systemic fluoroquinolones or trimethoprim sulfamethoxazole. The Bcc isolate in one dog was
resistant to all tested systemic antimicrobials. This dog developed septicaemia and was euthanized.

Conclusions and clinical importance — Bcc skin infections can occur in immunocompetent and immunocom-
promised dogs. Bcc isolates may be extensively antimicrobial resistant, presenting a challenge for clinical man-
agement. Cutaneous infection may progress to life-threatening sepsis.

Affected dogs were successfully treated with antimicro-

Introduction bials. The objective of this case series is to describe clini-
The Burkholderia cepacia complex (Bcc) includes at least cal and histopathological features of four additional cases
18 species of aerobic, Gram-negative rods that are ubiqui- of Bcec dermatitis in dogs. In one of these cases, cuta-
tous in the environment but can cause opportunistic neous infection with an extensively drug-resistant Bcc
infections."? Burkholderia multivorans and B. cenocepa- strain progressed to septicaemia.

cia are most often associated with Bcc infections in
humans, particularly cystic fibrosis patients.’® Contami-
nated medical devices and medications have been associ- Case Reports
ated with nosocomial outbreaks.*® Bcc infections
present a clinical challenge due to frequent antimicrobial
resistance, which may be both intrinsic and acquired.

. . cal investigation were identified. Medical records were
Immunocompromised humans also may develop fulmi- . . . . .
. . . searched for information regarding patient signalment,
nating and often fatal pneumonia, and sepsis termed

" . 7 clinical features, treatment and outcome.
cepacia syndrome.

A published case series described six dogs receiving

ciclosporin  with Bcc-associated deep pyoderma.® Signalment and history _
Table 1 summarizes patient signalment and history. Dogs

1, 2 and 3 had a history of allergic dermatitis. Dog 1 and 2
Accepted 8 July 2018 were receiving oral C|C|ospor‘|n (in combmat!on W|th ketg—
Source of funding: This study was self-funded. conazole for Dog 1) at the time of diagnosis; ciclosporin
Conflict of interest: No conflict of interests have been declared. was started for Dog 2 after the onset of dorsal ulcers and

Four dogs with both a skin culture yielding growth of
Burkholderia cepacia and skin biopsies for histopathologi-
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crusts potentially associated with Bcc dermatitis. Dog 3
was receiving oclacitinib at the time of diagnosis. This
dog had undergone surgery for excisional biopsy of a sub-
cutaneous mass on the ventral neck at another veterinary
hospital two days prior to presentation. The dog pre-
sented to the authors’ institution for evaluation of inci-
sional dehiscence and was concurrently diagnosed with
atypical hypoadrenocorticism  (glucocorticoid insuffi-
ciency) based on: mentation change, hypothermia and
hypotension; results of an adrenocorticotropic hormone
stimulation test; and normal serum electrolytes. Dog 2
was bathed at home two days prior to the onset of
skin lesions. Dog 4 was not receiving immunomodula-
tory medications and was reported to be systemically
healthy.

Clinical presentation

Skin lesions were initially dorsally distributed in dogs 1, 2
and 4, consisting of ulcers (often deep or crateriform),
draining tracts and crusts (Figure 1). Within three weeks
of initial onset, Dog 1 also developed haemorrhagic crusts
on the face and in the inguinal region. In Dog 3, the edges
of the incision from the excisional biopsy on the ventral
neck were erythematous to black with peri-incisional
swelling and serosanguinous discharge. Dogs 1, 2 and 3
had systemic signs at the time of hospital presentation—
these are summarized in Table 1. Signs of systemic ill-
ness resolved for Dog 3 following emergency stabiliza-
tion, surgical debridement of the incisional site and
initiation of corticosteroid therapy for treatment of atypi-
cal hypoadrenocorticism.

Cytological findings

Results of impression smears from ulcers were recorded
in the medical record for dogs 1, 2 and 4. Inflammatory
cells (neutrophils, macrophages) with large numbers of
intracellular and extracellular bacterial rods were noted in
all cases. Extracellular bacterial cocci also were noted on
impression smears from Dog 1.

Histopathological findings

Histopathological features of skin biopsies from dogs 1, 2
and 4 were similar: severe neutrophilic luminal folliculitis
and furunculosis with marked neutrophilic and histio-
cytic to pyogranulomatous dermatitis (Figure 2). Gram
and Warthin-Starry stains revealed Gram-negative and

Warthin—Starry positive bacterial rods within histiocytes
for dogs 1, 2 and 4 (Figure 3a). Intracellular Gram-nega-
tive and Warthin-Starry positive bacterial rods also were
present within the hair follicle outer root sheath for Dog 2
(Figure 3b). Three weeks following initial skin biopsies,
Dog 1 was euthanized due to progressive skin lesions
and systemic illness (fever, inappetence and weight loss).
Postmortem examination revealed septicaemia evi-
denced by acute hepatitis and circulating intrahistiocytic
Gram-negative, Warthin-Starry positive bacterial rods.
Similar intrahistiocytic bacteria were identified in the skin,
liver, lung, spleen and lymph nodes.

Histopathology of tissue submitted at the time of exci-
sional biopsy from Dog 3 showed that pyogranulomatous
cellulitis was the cause of the mass effect on the ventral
neck. This dog subsequently underwent surgical revision
and closure of the dehisced excisional biopsy site. Tissue
was again submitted for histopathology, which showed
neutrophilic and histiocytic cellulitis and myositis with
granulation tissue and fibrin. Aerobic, anaerobic,
mycobacterial and fungal cultures were performed at the
time of surgical revision, with only Bcc isolated on aerobic
culture.

Bacterial culture and susceptibility

Antimicrobial susceptibility data for the four Bcc isolates
are summarized in Table 2. Meticillin-susceptible Staphy-
lococcus pseudintermedius (MSSP) also was isolated
from Dog 1.

Polymerase chain reaction

Conventional PCR was performed using HotStarTaq 2 x
Mastermix (Qiagen; Hilden, Germany) on DNA extracted
from paraffin-embedded skin and liver from Dog 1 using
the DNeasy Tissue and Blood kit (Qiagen; Hilden, Ger-
many) following the manufacturer’'s instructions with
genus-specific Burkholderia primers (gro1-CTGGAAGA-
CATCGCGATC, gro2- GTCGATGATCGTCGTGTT, final
concentration: 0.2 mM). The protocol for thermal cycling
was 94°C for 15 min followed by 25 cycles of 94°C for
30 s, 50°C for 30 s and 72°C for 60 s using a Veriti ther-
mal cycler (Applied Biosystems; Waltham, MA, USA).
DNA extracted from Burkholderia cepacia ATCC 25416
was used as a positive control. PCR for the histone 3.3
gene was performed under the same conditions as a pos-
itive extraction control. PCR of the DNA extractions from

Table 1. Signalment and historical information for four dogs with Burkholderia cepacia complex dermatitis.

Age Weight Bathing
Dog Breed (years) Gender (kg) Concurrent disease Medications history Systemic signs
1 Rough collie 6 Male 41 Allergic dermatitis Ciclosporin (2.4 mg/kg/day) No Vomiting, lethargy,
castrate Ketoconazole (2.4 mg/kg/day) inappetence
2 Smooth-coated 2 Male 15.6 Allergic dermatitis Ciclosporin (4.6 mg/kg/day) Yes-two None
fox terrier castrate days prior
3 Pug/beagle cross 6 Male 12.5 Allergic dermatitis; Oclacitinib (dose unknown) Surgery two  Dull mentation,
castrate Atypical days prior recumbency,
hypoadrenocorticism hypothermia,
hypotension
4 Dobermann 0.75 Male 45 None None No None
pinscher intact
2 © 2018 ESVD and ACVD, Veterinary Dermatology
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Figure 1. Clinical features of Burkholderia cepacia complex cutaneous infection in the dog.

(a) Large area of coalescing ulcers with draining tracts and haemorrhagic exudate over the dorsum and lateral flank and smaller ulcer over the cau-
dal dorsum of Dog 1. The edges of the lesions have been inked, crusts have been removed and the haircoat has been clipped. (b) Focal haemor-
rhagic crust overlying an ulcer on the dorsum of Dog 1 (photograph taken prior to clipping of haircoat). (c) Multifocal haemorrhagic crusts and
ulcers over the dorsum of Dog 2. (d) Close-up of haemorrhagic crusts overlying crateriform ulcers on the dorsal trunk of Dog 2.

Figure 2. Histological features of Burkholderia cepacia complex cutaneous infection in the dog.

(a) Photomicrograph. Severe neutrophilic luminal folliculitis and furunculosis with marked neutrophilic to pyogranulomatous dermatitis. Neutrophils
fill the follicular lumen and neutrophils and fewer epithelioid macrophages surround a ruptured hair follicle. Colonies of intracellular bacterial rods
distend keratinocytes within the follicular outer root sheath (arrows). Haematoxylin and eosin, x20 (a) x40 (b) x 100 (c).

both the skin and liver of Dog 1 were positive for
Burkholderia, confirming sepsis due to disseminated Bcc
infection (Figure 4).

Treatment and treatment outcome

Treatment and outcome for the four dogs is summarized
in Table 3. Immunomodulatory medications (ciclosporin
with or without ketoconazole and oclacitinib) were
stopped following diagnosis of Bcc infection in dogs 1,2
and 3. Dog 3 underwent surgical debridement and flap
closure of the previous surgical site, followed by oral

© 2018 ESVD and ACVD, Veterinary Dermatology

trimethoprim sulfamethoxazole post-operatively. The sur-
gical site was fully healed in three weeks. Dogs 2 and 4
were treated with oral fluoroquinolones (despite the lack
of in vitro susceptibility for Dog 2); Dog 2 also was bathed
daily with a shampoo containing 3% chlorhexidine. Both
of these dogs had complete resolution of skin lesions
within 12 weeks. Dog 1 was treated with oral cephalexin
(to address MSSP co-isolated on skin culture), topical
medical grade honey and 1% silver sulfadiazine applied
under tie-over bandages; euthanasia was pursued due to
progression of skin lesions and systemic illness.
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Figure 3. Histological features of Burkholderia cepacia complex
cutaneous infection in the dog.

(a) Photomicrograph. Numerous positive-staining rods within histio-
cytes (arrows). Warthin—Starry, x100. (b) Numerous positive-staining
rods free within the hair follicle wall and within follicular outer root
sheath keratinocytes (arrows). Warthin—Starry, x100.

Table 2. Antimicrobial susceptibility of four Burkholderia cepacia
complex isolates

Antimicrobial Dog1 Dog2 Dog3 Dog4
Ceftazidime R R | S
Cefpodoxime R R R S
Ticarcillin/clavulanate R R R R
Enrofloxacin R R R S
Marbofloxacin R R R S
Trimethoprim/sulfamethoxazole R S S S

| intermediate, R resistant, S susceptible.

Figure 4. PCR results for the grol/gro2 PCR (139 bp product)
(a) skin (dog 1), (b) liver (dog 1), (c) ATCC 25416, (d) no template con-
trol. PCR results for the Histone 3.3 gene (214 bp) for (e) skin (dog 1),
(f) liver (dog 1), (g) ATCC 25416 and (h) no template control.

Discussion

This case series confirms the importance of Bcc as
an emerging pathogen. In the six cases previously
reported, all of the dogs were receiving ciclosporin

and four were West Highland white terriers.®
Although immunocompromised dogs appear to be at
greatest risk of infection, Dog 4 in this case series
had no documented cause of immunosuppression.
Burkholderia was not found as a core component of
the cutaneous microbiome in one longitudinal study of
40 dogs;® opportunistic infection likely follows expo-
sure through an environmental source. Dog 2 was
bathed prior to the onset of skin lesions. An other-
wise healthy 1-year-old Cardigan Welsh corgi devel-
oped dorsal furunculosis associated with Bcc infection
following bathing in a previous report.'® These reports
suggest that contaminated shampoos or grooming
products could serve as potential exposure sources.
Dog 3 developed an incisional infection; although the
source of exposure is unknown for this dog, Bcc con-
tamination of chlorhexidine scrub was identified as
the putative exposure source in a report of five cats
with Bec cellulitis.

Dogs 1, 2 and 4 initially presented with dorsal truncal
skin lesions, particularly deep to crateriform ulcers, that
were similar to those reported in another case series.®
Histologically, cases of Bcc dermatitis have furunculosis
but more robust histiocytic to pyogranulomatous intersti-
tial dermal inflammation than seen in cases of furunculo-
sis associated with Pseudomonas aeruginosa or
Staphylococcus spp.8'° Bec is unique as compared with
other types of bacteria associated with dorsal furunculo-
sis, such as P. aeruginosa, in its ability to survive intracel-
lularly — within  macrophages and other phagocytic
cells.’®"2 |n cases of P. aeruginosa associated furunculo-
sis, bacterial rods may be noted histologically within
inflammatory infiltrates or follicular ostia, but are not typi-
cally present intracellularly within histiocytes or the follic-
ular root sheath as in Bec-associated furunculosis.® ™0 It is
important to note that the bacterial rods can be seen on
light microscopic examination with careful scrutiny but
are easier to visualize with Warthin-Starry or Giemsa
stains.

Antimicrobial resistance of Bcc isolates is a concern in
human and veterinary medicine. Burkholderia spp. have
several mechanisms of antimicrobial resistance, including
drug efflux pumps, restrictive porins and the ability to
alter drug targets. Bcc isolates are inherently resistant to
polymyxins and clinical isolates from humans are fre-
quently resistant to chloramphenicol, aminoglycosides,
fluoroquinolones, tetracycline, rifampicin and amoxicillin/
clavulanic acid.® In this case series, Dog 1 developed
cutaneous infection with an extensively drug-resistant
Bce strain, precluding systemic antimicrobial therapy.
This dog's infection progressed to fulminant septicaemia,
which was confirmed via Burkholderia PCR performed on

Table 3. Treatment and treatment outcome for four dogs with Burkholderia cepacia complex dermatitis

Dog Topical treatment Systemic treatment Treatment duration (weeks) Treatment outcome
1 Medical grade honey, Cephalexin (24.3 mg/kg twice daily) Three Euthanasia
1% silver sulfadiazine cream
2 3% chlorhexidine shampoo Marbofloxacin (6.4 mg/kg once daily) Four (systemic), six (topical) Complete resolution
3 None Trimethoprim sulfamethoxazole One following surgical Complete resolution
(19.2 mg/kg twice daily) debridement and closure
4 3% chlorhexidine shampoo Enrofloxacin (7.7 mg/kg once daily) 12 Complete resolution
4 © 2018 ESVD and ACVD, Veterinary Dermatology



DNA extracted from paraffin-embedded sections of skin
and liver. Future studies should investigate molecular

characterization and virulence factor

expression of

Burkholderia spp. isolated from veterinary infections.
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Contexte — Le complexe Burkholderia cepacia (Bcc) est une cause émergente d'infections opportunistes.
Les pyodermites profondes associées a Bcc ont été décrites précédemment chez des chiens recevant de

la ciclosporine.

Objectifs — Décrire les données cliniques et histopathologiques de quatre cas supplémentaires de derma-
tite a Bcc chez des chiens, dont un a évolué en septicémie.
Sujets — Quatre chiens avec une culture cutanée permettant la croissance de Bcc et des biopsies cutanées

pour examen histopathologique.

Matériel et méthode — Une revue rétrospective des données médicales et des biopsies cutanées et de
PCR pour Burkholderia sur des extraits d’ADN de peau et de foie montés dans la paraffine pour confirmer

le sepsis a Bcc.

Résultats - Trois différentes races et un chien croisé ont été décrits. Deux chiens recevaient de la ciclo-
sporine et un recevait de I'oclacitinib. Un chien n'avait pas de signe d'immunosuppression. Un chien a été
lavé deux jours avant I'apparition des lésions. Trois chiens présentaient des ulceres, croltes et fistules sur
le dos ; un chien avait une infection localisée a un site chirurgical. La principale donnée histopathologique
des biopsies cutanées était une folliculite et furonculose neutrophilique sévere avec une dermatite neutro-
philique a pyogranulomateuse marquée. Des bacilles Gram négatives et Warthin-Starry positives intracellu-
laires étaient présentes dans trois des quatre cas. Trois chiens étaient traités avec succés avec des
fluoroquinolones systémiques ou de la triméthoprine sulfaméthoxazole. La souche de Bcc chez un chien
était résistante a tous les antimicrobiens testés. Ce chien a développé une septicémie et a été euthanasié.
Conclusion et importance clinique - Les infections cutanées a Bcc peuvent se développer sur des
chiens immunocompétents et immunodéprimés. Les souches de Bcc peuvent montrer des résistances
antimicrobiennes importantes, ce qui représente un défi pour la gestion clinique. L'infection cutanée peut

évoluer en septicémie mortelle.

Resumen

Introduccion - el complejo Burkholderia cepacia (Bcc) es una causa emergente de infecciones oportunis-
tas. La pioderma profunda asociada con la infeccion por Bee ha sido reportado previamente en perros que

reciben ciclosporina.

Objetivo — reportar las caracteristicas clinicas e histopatoldgicas de cuatro casos adicionales de dermatitis

por Bcc en perros, uno de los cuales progreso a septicemia.

Animales - cuatro perros con un cultivo de piel produciendo crecimiento de Bcc y biopsias de piel para

investigacion histopatoldgica.

Métodos y materiales — revision retrospectiva de registros médicos y biopsias de piel y PCR para Burkhol-
deria en DNA extraido de piel e higado en bloques de parafina para confirmar la sepsis por Bcc.

© 2018 ESVD and ACVD, Veterinary Dermatology
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Resultados - los perros eran de tres razas diferentes y uno mestizo. Dos perros estaban recibiendo ciclos-
porina y uno estaba recibiendo oclacitinib. Un perro no tenia evidencia de inmunosupresién. Un perro fue
banado dos dias antes del inicio de las lesiones de la piel. Tres perros presentaron Ulceras, costras y con-
ductos drenantes en distribucion dorsal; un perro tuvo infeccion localizada en una zona de intervencién
quirdrgica. La principal caracteristica histolégica de las biopsias cutdneas fue una foliculitis neutrofilica
severa y forunculosis con marcada dermatitis neutréfilica a piogranulomatosa. Tres de los cuatro casos pre-
sentaron bacilos intracelulares Gram-negativos y positivos con Warthin-Starry. Tres perros fueron tratados
con éxito con fluoroquinolonas sistémicas o trimetoprim sulfametoxazol. El aislado Bcc de un perro era
resistente a todos los antimicrobianos sistémicos probados. Este perro desarrollé septicemia y fue sacrifi-
cado.

Conclusiones e importancia clinica - las infecciones cutédneas por Bcc pueden ocurrir en perros inmuno-
competentes e inmunocomprometidos. Los aislados de Bcc pueden ser ampliamente resistentes a antimi-
crobianos, presentando una gran dificultad para el manejo clinico. La infeccion cutdnea puede progresar a
una sepsis potencialmente mortal.

Zusammenfassung

Hintergrund - Der Burkholderia cepacia Komplex (Bcc) ist eine neu entstehende Ursache opportunisti-
scher Infektionen. Eine tiefe Pyodermie im Zusammenhang mit Bcc Infektionen wurden bereits bei Hun-
den, denen Ciclosporin verabreicht wurde, beschrieben.

Ziel - Ein Bericht tber die klinischen und histopathologischen Merkmale von vier weiteren Fallen einer Becc
Dermatitis bei Hunden, von denen sich eine zur Septikamie entwickelte.

Tiere — Vier Hunde mit einer Hautkultur, die ein Wachstum von Bcc ergab und Hautbiopsien zur histopatho-
logischen Untersuchung.

Methoden und Materialen — Eine retrospektive Review der Krankenakten und Hautbiopsien und PCR auf
Burkholderia aus DNA, die aus Haut, die in Paraffin eingebettet war, extrahiert wurde sowie aus Leber, um
eine Bce Sepsis zu bestatigen.

Ergebnis - Drei unterschiedliche Rassen und ein Mischlingshund waren reprasentiert. Zwei Hunde erhiel-
ten Ciclosporin und einer Oclacitinib. Ein Hund zeigte keinerlei Evidenz einer Immunsupprimierung. Ein
Hund wurde zwei Tage bevor sich die Hautveranderungen entwickelten, gebadet. Drei Hunde wurden mit
dorsal auftretenden Ulzera, Krusten und Fisteln vorgestellt; bei einem Hund bestand eine Infektion an einer
Operationswunde. Die hauptsachlichen histologischen Merkmale der Hautbiopsien bestanden aus einer
markanten neutrophilen Follikulitis und Furunkulose mit einer markanten neutrophilen bis pyogranulo-
matosen Dermatitis. Es traten intrazellulare Gram-negative und Warthin-Starry positive Stabchen in drei
der vier Falle auf. Drei Hunde wurden erfolgreich mit systemischen Fluoroquinolonen oder mit Trimetho-
prim Sulfamethoxazol behandelt. Das Bcc Isolat eines Hundes war resistent auf alle getesteten systemi-
schen Antibiotika. Der Hund entwickelte eine Septikamie und wurde eingeschlafert.

Schlussfolgerungen und klinische Bedeutung - Bcc Infektionen konnen bei immunkompetenten und
immunkompromittierten Hunden auftreten. Bcc Isolate konnen weitegehend auf Antibiotika resistent sein,
wodurch sie eine Herausforderung flr das klinische Management darstellen. Eine kutane Infektion kann
sich dadurch zu einer lebensbedrohlichen Sepsis entwickeln.
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Resumo

Contexto — O complexo Burkholderia cepacia (CBC) é uma causa emergente de infecgoes oportunistas.
Piodermites profundas associadas a infecgoes por CBC ja foram reportadas em caes recebendo ciclospo-
rina.

Objetivo — Relatar as caracteristicas clinicas e histopatoldgicas de quatro casos de dermatites por CBC em
caes, tendo um deles progredido para septicemia.

Animais - Quatro caes apresentando culturas de lesdoes cutaneas com crescimento de CBC e bidpsia
cutanea para exame histopatoldgico.

Métodos e materiais — Estudo retrospectivo dos histéricos clinicos, biépsias cutaneas e PCR para
Burkholderia de DNA extraido de pele fixada em parafina e figado para confirmar a sepse por CBC.
Resultados - Trés caes de diferentes ragcas e um cao sem raga definida foram incluidos. Dois caes esta-
vam recebendo ciclosporina e um cao estava recebendo oclacitinib. Um cao nao apresentava nenhum sinal
de imunossupressao. Um dos caes foi banhado dois dias antes do surgimento das lesoes cutaneas. Trés
caes apresentavam lesoes ulceradas, crostas e tratos drenantes na regiao dorsal; um cao apresentava
infeccao localizada em incisao cirlrgica. A principal caracteristica histopatoldgica das bidpsias cutaneas foi
foliculite neutrofilica e furunculose com dermatite neutrofilica a piogranulomatosa marcante. Bastoes
Gram-negativos intracelulares e Warthin-Starry positivos estavam presentes em trés dos quatro casos.
Trés caes foram tratados com sucesso com fluorquinolonas ou sulfa com trimetoprim. O CBC isolado em
um dos caes foi resistente a todos os antimicrobianos sistémicos testados. Este cao desenvolveu septice-
mia e foi eutanasiado.

Conclusoes e importancia clinica - As infecgoes cutaneas por CBC podem ocorrer tanto em caes imuno-
competentes quanto em imunossuprimidos. Os isolados de CBC podem apresentar resisténcia extensiva
a antimicrobianos, representando um desafio no manejo clinico do caso. Infecgoes cutaneas podem pro-
gredir para sepse com risco de morte.
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