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Cutaneous nocardiosis in two dogs receiving ciclosporin
therapy for the management of canine atopic dermatitis
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Background - Ciclosporin is a calcineurin inhibitor that is currently registered for the treatment of canine atopic
dermatitis. The most common adverse effects include mild, transient gastrointestinal disturbances. Single case
reports of opportunistic infections due to Nocardia spp., Neospora spp. and papillomaviruses have also been
reported.

Hypothesis/Objectives — Clinicians should be aware of the potential risk of systemic immunosuppression and
subsequent infection with Nocardia spp. in dogs receiving ciclosporin.

Animals - Cutaneous nocardiosis in two dogs receiving ciclosporin therapy for management of canine atopic
dermatitis.

Methods - Histopathology, PCR for Nocardia spp. and computed tomography.

Results — One dog developed disseminated nocardiosis due to Nocardia brasiliensis and a second dog devel-
oped localized cutaneous nocardiosis due to a novel Nocardia species subsequent to ciclosporin administration at
the recommended dose rate for the management of canine atopic dermatitis. The second case was receiving a
combination of ciclosporin and ketoconazole, and serum trough ciclosporin levels were elevated.

Conclusions and clinical importance - Clinicians should be aware of the potential risk of systemic immuno-
suppression and subsequent infection with Nocardia spp. in dogs receiving ciclosporin. Measurement of serum

ciclosporin levels may be useful in identifying those individuals which are at risk of opportunistic infections.

Introduction

Ciclosporin is a calcineurin inhibitor that is currently regis-
tered for the treatment of canine atopic dermatitis. Ciclo-
sporin administration has been associated with Nocardia
spp., Neospora spp. and papillomavirus infection in dogs
but limited to single case reports."™ Localized and dis-
seminated nocardiosis in two dogs is reported subse-
quent to ciclosporin being administered at registered
dose rates for the management of canine atopic dermati-
tis.

Case 1

A 3-year-old female neutered West Highland white terrier
with atopic dermatitis presented with multiple dermal
nodules, lethargy and diarrhoea. Allergen-specific immu-
notherapy and ciclosporin (Neoral; Novartis Pharmaceuti-
cals, North Ryde, Australia) 5 mg/kg orally once daily had
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been administered for 4 months for management of ato-
pic dermatitis.

Clinical findings

On physical examination, five firm, painful, subcutaneous
nodules ranging in size from 10 to 23 mm in diameter
with fistulous tracts draining serosanguinous fluid were
located on the trunk and tail region. Marked diffuse gingi-
val hyperplasia was evident.

A complete blood count and biochemical evaluation
revealed mild hyperglycaemia. Multiple fine-needle aspi-
rates of the nodules revealed pyogranulomatous inflam-
mation, with Gram-positive, acid-fast, intracellular
filamentous organisms in branch-like clusters with nega-
tive staining (Figures 1-3) confirmed by Ziehl-Neelson
staining. Enrofloxacin (Baytril; Bayer Healthcare, Pymble,
Australia) 10 mg/kg orally once daily and doxycycline
(Apex Laboratories, Somersby, Australia) 6.7 mg/kg orally
twice daily were commenced with the presumptive diag-
nosis that these organisms were Mycobacteria spp. The
ciclosporin was withdrawn.

Thoracic radiographs revealed a bronchial pattern, mild
bronchiectasis, moderate tracheobronchial and cranial
mediastinal lymph node enlargement and mild hepato-
megaly. Histopathological evaluation of tissue biopsies
revealed a moderate, chronic, multifocal pyogranuloma-
tous dermatitis and panniculitis. Gram, periodic acid
Schiff and Ziehl-Neelson stains were negative. Micros-
copy and tissue culture and PCR testing of 16S rRNA
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Figure 1. Case 1: Wright Giemsa staining of fine-needle aspirates of
nodules, showing macrophages containing filamentous organisms
(black arrow) with characteristic beaded appearance (red arrow).

Figure 2. Case 1: Ziehl-Neelson stain of fine-needle aspirates of
nodules, showing acid-fast organisms (black arrow).

Figure 3. Case 1: Gram stain of fine-needle aspirates of nodules,
showing Gram-positive organisms (black arrow).

identified Nocardia brasiliensis sensitive to amikacin, tri-
methoprim-sulfamethoxazole and moxifloxacin  and
resistant to ceftriaxone and meropenem based on the
minimal inhibitory concentrations attained by E-testing.
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Antimicrobial therapy was modified to moxifloxacin (Avel-
ox; Bayer Healthcare, Pymble, Australia) 13.5 mg/kg
orally once daily but withdrawn subsequent to seizure
activity. Combination antimicrobial therapy with oral
enrofloxacin and doxycycline was recommenced. All
cutaneous nodules resolved within 4 weeks. The dog
subsequently developed type | diabetes mellitus, and
insulin (Caninsulin;, MSD Animal Health, Bendigo East,
Australia) replacement therapy was commenced.

Approximately 8 weeks after the original presentation,
the dog presented with an acute, nonweightbearing lame-
ness associated with a monostotic aggressive metaphy-
seal lesion affecting the left proximal humerus identified
by computed tomography (Figure 4). Computed tomogra-
phy-guided bone aspirates for microscopy, bacterial (aero-
bic and anaerobic) culture, susceptibility testing and PCR
testing identified Nocardia brasiliensis with an identical
antimicrobial susceptibility to the organism previously iso-
lated.

Due to disease progression and risk of pathological
fracture, the left forelimb was amputated. Bone culture
confirmed the presence of an identical Nocardia isolate.
Trimethoprim—sulfadiazine (Tribrissen; Jurox Pty Ltd,
Rutherford, Australia) 24 mg/kg orally twice daily was
prescribed. At the time of writing, the dog has been in
remission for 14 months and remains diabetic.

Case 2

A b-year, 7-month-old male entire atopic West Highland
white terrier, receiving allergen-specific immunotherapy
and ciclosporin (Neoral; Novartis Pharmaceuticals) 5 mg/
kg orally once daily in conjunction with prednisolone
(Pred-X 5; Apex Laboratories, Somersby, Australia) 0.3—

Figure 4. Case 1: Computed tomography image showing mixed
osteolytic and proliferative lesion affecting the left proximal humerus.

© 2013 ESVD and ACVD, Veterinary Dermatology



0.6 mg/kg orally once daily to control pruritus for 3 years,
presented with a rapidly enlarging mass in the left axillary
region. Approximately 12 months prior to presentation,
the dog developed calcinosis circumscripta and calcinosis
cutis, and ketoconazole (Nizoral; Janssen-Cilag Pty Ltd,
North Ryde, Australia) 5 mg/kg orally twice daily was
introduced and prednisolone withdrawn.

Clinical findings
A firm, subcutaneous axillary mass, approximately
110 mm x 75 mm, with multiple fistulous draining tracts
draining purulent to serosanguinous exudate was evident.
There was moderate to marked gingival hyperplasia.
Haematological and biochemical evaluation was unre-
markable. Trough serum ciclosporin concentrations
were markedly elevated at 1780 pg/L. Histopathological
evaluation of biopsy tissue revealed multinodular pyog-
ranulomatous to suppurative panniculitis and dermatitis
and long, filamentous, branching, Gram-positive,
beaded, modified acid-fast bacteria confirmed as a
Nocardia species sensitive to amikacin, cotrimoxazole,
minocycline, moxifloxacin and meropenem and resistant
to ceftriaxone based on minimal inhibitory concentra-
tions attained by E-testing. Molecular testing using PCR
of 16S rRNA for Nocardia spp. demonstrated no homol-
ogy with any previously described Nocardia species.
The ciclosporin and ketoconazole were withdrawn, and
moxifloxacin 13.3 mg/kg orally once daily in combination
with trimethoprim sulphonamide 30 mg/kg orally twice
daily was initiated. Approximately 4 weeks later, there
was some reduction in the size of the axillary mass but
the dog developed a para-aural abscess and the owner
elected euthanasia. Postmortem examination confirmed
no other abnormalities. Bacterial culture of exudate from
the abscess revealed a heavy mixed growth of nonhae-
molytic Escherichia coli and Staphylococcus pseudinter-
medius. No Nocardia organisms were identified.

Discussion

Nocardia spp. are aerobic, Gram-positive, weakly acid-
fast, ubiquitous soil saprophytic bacteria that cause
opportunistic infections via inhalation or inoculation
through skin. Canine nocardiosis typically occurs as one
of three distinct clinical syndromes, namely a localized
cutaneous/subcutaneous form, a pulmonary form and a
systemic/disseminated form that typically involves
lesions at two or more noncontiguous sites, with pulmo-
nary involvement.*

Immunosuppression appears to be a predisposing fac-
tor for the development of nocardiosis in humans and
cats, although both healthy and immunocompromised
individuals can be affected.® In dogs, infection occurs pre-
dominantly in immunocompromised individuals second-
ary to the administration of immunomodulatory drugs,
including ciclosporin  combined with or without
ketoconazole, prednisolone, dexamethasone, cyclophos-
phamide, azathioprine, chlorambucil and aurothioglu-
cose.'®8

Ciclosporin inhibits neutrophil chemotaxis, degranula-
tion and superoxide generation and has a specific
cell-mediated immunomodulatory function via the inhibi-
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tion of interleukin-2, which plays an important role in the
activation and proliferation of T cells.>'® The optimal
ciclosporin serum concentrations required to control the
clinical signs of canine atopic dermatitis are not clearly
defined,"™ " but it is probable that elevated serum levels
of ciclosporin result in marked immunosuppressive
effects and thus predispose to the development of no-
cardiosis. We propose that it may be prudent to monitor
the serum concentration of ciclosporin in dogs, as is cur-
rently recommended in cats, when screening for
increased risk of opportunistic infection.™

Ciclosporin administration has been previously impli-
cated as a predisposing factor for the development of dis-
seminated canine nocardiosis.””® The evidence would
suggest that nocardiosis can develop as a rare complica-
tion of ciclosporin administered at both registered dose
rates over a short time period and at extralabel dosage
rates, either with or without the combination of other
immunomodulatory or potentiating agents. Although the
incidence of this complication is very low, we conclude
that neither the length of ciclosporin therapy nor whether
ciclosporin is combined with other potentiating drugs,
such as ketoconazole, influences the risk of developing
infection.

Diabetes mellitus has been reported in a dog suspected
to be prediabetic receiving prednisolone and ciclosporin
for management of immune-mediated anaemia.’® Ciclo-
sporin suppresses insulin secretion and can cause B-cell
destruction, and may accelerate the development of dia-
betes in predisposed dogs.'® In case 1, ciclosporin was
administered for 4 months, and the patient developed
permanent diabetes mellitus despite ciclosporin drug
withdrawal. Blood and urine monitoring for hyperglyca-
emia and glucosuria is recommended for dogs receiving
ciclosporin that may be predisposed to the development
of diabetes mellitus.

In both our cases, the identification of bacterial
organisms was confirmed using 16S ribosomal DNA
sequencing, which is a useful method for both the
confirmation and the speciation of Nocardia spp. organ-
isms.'®2" The speciation of the organism is especially
important in these cases because species have varying
antimicrobial susceptibilities, and the selection of anti-
microbial therapy for the treatment of disseminated no-
cardiosis can be challenging. We elected to use the
antimicrobial moxifloxacin, a fourth generation fluoroqu-
inolone, which is highly effective for the treatment of
human pulmonary nocardiosis.?%#?®> The most common
adverse effects reported in humans include nausea,
vomiting and diarrhoea, but seizures are docu-
mented.?®> The exact pathogenesis of the neurotoxic
effects is unknown but may be due to drug interaction
with the y-aminobutyric acid (an inhibitory neurotrans-
mitter) receptor, as well direct activation of N-methyl-p-
aspartate  (NMDA) and adenosine receptor mecha-
nisms.?>2* Moxifloxacin was well tolerated in one dog
(case 2), but the therapy had to be withdrawn in one
case (case 1) due to seizure activity. Further investiga-
tion is required to evaluate the efficacy of moxifloxacin
as a first-line treatment option against canine dissemi-
nated nocardiosis and the frequency of adverse
effects.



Siak and Burrows

Conclusion

Ciclosporin is a drug frequently used for the management
of canine atopic dermatitis. Clinicians should be aware of
the potential risk of systemic immunosuppression and
subsequent infection with Nocardia spp. Early recognition
of clinical signs, especially the acute onset of single or
multiple cutaneous nodules, combined with appropriate
diagnostic intervention, with fine-needle aspirate, tissue
culture and speciation with culture and susceptibility test-
ing, will improve the prognosis. Moxifloxacin may be an
effective first-line empirical antibiotic choice for canine
disseminated nocardiosis. Further studies are required to
identify the factors that increase the risk of opportunistic
infection in susceptible individuals. It may be advisable to
consider the routine measurement of serum ciclosporin
levels in dogs.
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Contexte — La cyclosporine est un inhibiteur de la calcineurine, actuellement enregistré dans le traitement
de la dermatite atopique canine. Les effets secondaires les plus fréquents sont des troubles gastro-intes-
tinaux modérés et transitoires. Des cas isolés d'infections opportunistes dues a Nocardia spp., Neospora

spp. et papillomavirus ont aussi été rapportés.

Hypotheses/Objectifs — Les cliniciens devraient étre avertis du risque potentiel d'immunosuppression
systémique et d'infection subséquente a Nocardia spp. chez les chiens recevant de la cyclosporine.
Sujets - Deux chiens présentant une nocardiose cutanée et recevant de a cyclosporine pour le traitement

de leur dermatite atopique.

Meéthodes - Histopathologie, PCR pour Nocardia spp. et tomodensitométrie.

Résultats — Un chien a développé une nocardiose disséminée due a Nocardia brasiliensis et un autre chien
a développé une nocardiose cutanée localisée due a une nouvelle espece de Nocardia suite a I'administra-
tion de cyclosporine a la dose indiquée dans la gestion de la dermatite atopique canine. Le deuxieme cas a
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regu une association de cyclosporine et de kétoconazole et les taux sériques de cyclosporine étaient
élevés.

Conclusions et importance clinique - Les cliniciens doivent étre avertis du risque potentiel d'immuno-
suppression systémique et d'infection consécutive a Nocardia spp chez les chiens recevant de la cyclo-
sporine. Les mesures de cyclosporine sérique pourraient étre utiles dans I'identification des individus a
risque d'infections opportunistes.

Resumen

Introduccion - la ciclosporina es un inhibidor de la calcineurina que esta actualmente registrado para el tra-
tamiento de la dermatitis atdpica canina. Los efectos adversos mas frecuentes incluyen trastornos gastro-
intestinales ligeros y transitorios. Se han publicado casos aislados de infecciones oportunistas con
Nocardia spp., Neospora spp. y papilomavirus.

Hipotesis/Objetivos — los clinicos deben ser conscientes del riesgo potencial de inmunosupresion
sistémica e infecciones oportunistas causadas por Nocardia spp. en perros tratados con ciclosporina.
Animales - nocardiosis cutanea en dos perros tratados con ciclosporina para el manejo de la dermatitis
atdpica canina.

Métodos - citopatologia, PCR para Nocardia spp. y tomografia computerizada.

Resultados - un perro desarrollé nocardiosis diseminada debido a Nocardia brasiliensis y un segundo perro
desarrollé nocardiosis cutanea localizada debido a una nueva especia de Nocardia tras la administracién de
ciclosporina a las dosis recomendadas para el manejo de la dermatitis atdpica canina. El segundo caso esta-
ba recibiendo una combinacién de ciclosporina y ketoconazol y los niveles de ciclosporina en el suero est-
aban elevados.

Conclusiones e importancia clinica - los clinicos deben tener en cuento el riesgo de inmuno supresion
sistémica llevando a infecciones con Nocardia spp. en perros tratados con ciclosporina. La evaluacién de
los niveles de ciclosporina en suero puede ser (til para identificar aquellos animales con riesgo de contraer
infecciones oportunistas.

Zusammenfassung

Hintergrund - Ciclosporin ist ein Calcineurin Inhibitor, der zurzeit fir die Behandlung der atopischen Der-
matitis des Hundes zugelassen ist. Die haufigsten Nebenwirkungen beinhalten milde, transiente gastroin-
testinale Storungen. Einzelne Fallberichte opportunistischer Infektionen durch Nocardia spp., Neospora
spp. und Papillomaviren gibt es ebenfalls.

Hypothese/Ziele - Kliniker sollten sich des moglichen Risikos einer systemischen Immunsuppression und
nachfolgender Infektion mit Nocardia spp. bei Hunden, die Ciclosporin erhalten, bewusst sein.

Tiere — Es wurden zwei Hunde mit kutaner Nokardiose verwendet, die zum Management ihrer atopischen
Dermatitis Ciclosporin als Therapie erhielten.

Methoden - Histopathologie, PCR fir Nocardia spp. und Computertomographie.

Ergebnisse — Ein Hund entwickelte eine disseminierte Nocardiose aufgrund von Nocardia brasiliensis und
ein zweiter Hund entwickelte eine lokalisierte Nokardiose aufgrund einer neuen Nocardia Spezies. Letzter-
es erfolgte wahrend einer Ciclosporinverabreichung in der empfohlenen Dosis zum Management der cani-
nen atopischen Dermatitis. Der andere Fall erhielt eine Kombination aus Ciclosporin und Ketokonazol,
wobei die Serumschwellwerte von Ciclosporin erhoht waren.

Schlussfolgerungen und klinische Bedeutung - Die Kliniker sollten sich des potentiellen Risikos einer
systemischen Immunsuppression und nachfolgender Infektion mit Nocardia spp. bei Hunden, die Ciclospo-
rin erhalten, bewusst sein. Die Messungen von Ciclosporinwerten konnten beim Identifizieren dieser Indi-
viduen, die zu den Risikopatienten bezliglich opportunistischer Infektionen gehoren, niitzlich sein.
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