1' frontiers

in Veterinary Science

CASE REPORT
published: 08 August 2019
doi: 10.3389/fvets.2019.00249

OPEN ACCESS

Edited by:
Silke Salavati,
University of Edinburgh,
United Kingdom

Reviewed by:
Elizabeth A. Layne,
University of Wisconsin-Madison,
United States
Jacques Fontaine,
University of Liége, Belgium

*Correspondence:
Frane Banovic
fbanovic@uga.edu

Specialty section:
This article was submitted to
Comparative and Clinical Medicine,
a section of the journal
Frontiers in Veterinary Science

Received: 03 April 2019
Accepted: 10 July 2019
Published: 08 August 2019

Citation:
Strzok E, Siepker C, Armwood A,
Howerth E, Smith J and Banovic F
(2019) Successful Treatment of
Cutaneous Curvularia geniculata,
Nocardia niigatensis, and Viral
Papillomatosis in a Dog During the
Therapeutic Management of

Immune-Mediated Hemolytic Anemia.

Front. Vet. Sci. 6:249.
doi: 10.3389/fvets.2019.00249

Check for
updates

Successful Treatment of Cutaneous
Curvularia geniculata , Nocardia
niigatensis , and Viral Papillomatosis
In a Dog During the Therapeutic
Management of Immune-Mediated
Hemolytic Anemia

Emily Strzok !, Chris Siepker 2, Abigail Armwood 2, Elizabeth Howerth 2, Joanne Smith * and
Frane Banovic *

1 Department of Small Animal Medicine and Surgery, College &feterinary Medicine, University of Georgia, Athens, GA,
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Opportunistic infections represent a major cause of mortély in immunocompromised
patients. Discontinuation or reduction of immunosuppresise medications is
recommended with the development of opportunistic infectins, which may cause
a relapse or worsening of the immune-mediated disease. A 7 year-old, spayed
female great Dane was diagnosed with immune-mediated hemyptic anemia with
initial immunosuppressive therapy consisting of oral predsone, ciclosporin and
mycophenolate mofetil. The patient developed diffuse righforelimb pyogranulomatous
fungal dermatitis with deep draining tracts 6 weeks into immnosuppressive treatment
with Curvularia geniculata growth. Oral once daily terbinane and itraconazole
were initiated; ciclosporin was immediately discontinuedand the mycophenolate
mofetil/prednisone doses were reduced. The right forelimiskin lesions resolved after 4
weeks, but the patient presented with a diffuse severe neubphilic dermatitis on the left
forelimb; 16S rRNA sequencing identi edNocardia niigatensis Cutaneous nocardiosis
was treated with oral enro oxacin and doxycycline; systend immunosuppressive
therapies were continued for immune-mediated hemolytic a@mia control. One month
later, the left forelimb lesions completely resolved but th patient developed several
multifocal, exophytic warts; the clinical features and hispathology were consistent
with viral papillomas. Within the following 4 weeks, the p&nt developed severe diffuse
papillomatosis of the left forelimb, which was successfull treated with 2 weeks of
every other day topical imiquimod administration. In this ase, successful treatment
of cutaneous opportunistic bacterial, fungal and viral iettion was possible with
proper treatment even though the immunosuppressive drug &atments could not
be discontinued.
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BACKGROUND an opportunistic fungal infection or bacterial infection. iSk
cytology showed marked pyogranulomatous in ammation with
Opportunistic infections represent a major cause of mortalityhon-staining, septate fungal hyphae. Punch biopsies of ulegrat
in immunocompromised patients and are becoming moreskin lesions were submitted for fungal culture and routinel
prevalent with the increased use of single and multiprocessedin para nwaxand stained with hematoxylin and eosin
agent immunosuppressive medications for treatment Oo{H&E) and Gomorimethenamine silver (GMS) fungal stain.
immune-mediated and autoimmune diseases. Reports @fxamination of H&E stained biopsies showed pyogranulomatous
opportunistic cutaneous infections in dogs associated witjermatitis with intralesional GMS-positive pigmented fungal
immunosuppression includélocardiaspecies ), saprophytic  elements, centered around hair follicles and adnexa, c@mist
fungi (phaeohyphomycosis and hyalohyphomycosi&) §)  with phaeohyphomycosisF{gures 1c,d. Fungal culture grew a
and viral-induced papillomas 4( 5). Discontinuation of pigmented fungus and polymerase chain reaction (PCR) utilizing
immunosuppressive medications is recommended with th@rimers of internal transcribed spacer (ITS) D1/D2 regions
development of opportunistic infections, which may cause dom extracted fungal culture DNA produced a 1,085 bp band.
relapse or worsening of the immune-mediated disease)( The band sequencing and analysis using BLASTn search in
Herein, we describe successful treatment of CUtaneOLGenBank revealed 99% sequence hom0|ogy Withrvularia
Curvularia  geniculata, Nocardia niigatensignd viral  geniculata Antifungal therapy was initiated with once daily
papillomatosis ~ with continued immunosuppression fororal terbinane (32 mg/kg; Cipla USA, Sunrise, FL, USA)

treatment of immune-mediated hemolytic anemia (IMHA). and itraconazole (5 mg/kg; PAR, Chestnut Ridge, NY, USA).
The administration of immunosuppressive medications was
CASE PRESENTATION modi ed; ciclosporin was immediately discontinued, predmig

was decreased (0.5 mg/kg AM and 0.3 mg/kg PM) and MMF

A 7.5-year-old, 62kg, female spayed Great Dane was referrvered to once daily (12 mg/kg).
for lethargy and anorexia. The initial complete blood count On progress examination, 4 weeks later (10 weeks from initial
(CBC) and chemistry panel revealed a regenerative anemjaesentation), the right forelimb skin lesions completelyalwed
with hyperbilirubinemia. Repeat CBC and chemistry pro le (Figure 29, but the patient developed acute di use upper left
revealed progressive regenerative anemia with spherosytorelimb edema, nodules, and two draining tradegures 2a,b.
and worsening hyperbilirubinemia con rming the diagnosis Fine needle aspirate showed marked pyogranulomatous
of IMHA. A comprehensive diagnostic IMHA work-up inammation with rare multinucleated giant cells; there were
was performed to identify a possible underlying cause. A0 structures suggestive of bacterial or fungal infectiBkin
comprehensive tick panel, blood culture and urine culture ever biopsies were obtained and routinely processed in para n wax
negative. A thoracic and abdominal CT scan did not identifyand stained with H&E, Gram, Giemsa, modi ed Ziehl-Neelsen
an underlying cause. Three days later, the patient was dtart¢ZN), periodic acid—Schi (PAS), and Warthin-Starry silver
on oral twice daily mycophenolate mofetil (12 mg/kg AM andstain; fresh tissue from the a ected lesional skin was sutadit
8 mg/kg PM, MMF; Ascend Lab, LLC, Parsippany, NJ, USAYor fungal and bacterial aerobicculture. Histopathologic
Due to worsening condition, the patient was hospitalizedgxamination revealed marked diuse neutrophilic dermatitis
received intravenous immunosuppression with MMF andwith supercial dermal edema and small numbers of
dexamethasone, and received several multiple packed red blomacrophages Higures 2c,d. Argyrophilic, slender Gram-
cell transfusions. Due to lack of response to immunosuppressivand Giemsa-stain positive branching bacilli were scattered
therapies, a splenectomy was performed 2 weeks after inititiroughout the deep dermis with neutrophilic in ltration
presentation; histopathology report revealed brosis, catign,  (Figure 29; PAS and modi ed ZN stains were negative.
hemosiderosis, and extramedullary hematopoiesis comsiste Aerobic bacterial culture of the fresh tissue yielded brang
with IMHA. Prior to discharge, about 3 weeks from initial gram-positive bacilli andStreptomycespp. was identi ed as
presentation, the patient's IMHA treatment included oral teic the causative pathogen by conventional phenotypic bacterial
daily MMF (12 mg/kg AM and 8 mg/kg PM), prednisone (0.5 identi cation methods as well as matrix-absorption laser
mg/kg; West-ward Pharmaceuticals, Eatontown, NJ, USA), andesorption  ionization-time-of- ight mass  spectrometry
ciclosporin (5 mg/kg; Elanco, Green eld, NJ, USA). (MALDI-TOF MS). The Streptomycespp. isolate was sensitive

The patient presented just over 6 weeks after initialo amikacin, trimethoprim-sulfamethoxazole (TMS), and
referral with right forelimb paw swelling and multifocal moxi oxacin. Streptomycesnfection in dogs are rare with
draining tracts Figures 1a,p. With the patient receiving concern for a bacterial contaminant7); The isolate was
three immunosuppressive medications, di erentials includedsubjected to 16S rRNA sequencing using published primers
(8), followed by direct Sanger sequencing of PCR product and
Abbreviations: IMHA, Immune-mediated hemolytic anemia; CBC, Complete GenBankBLASTn searches. Results conrmed the amplied
blood count; MMF, Mycophenolate mofetil; H&E, Hematoxylin and eo&MS, 1,373 bp band sequences to be 100% homo|ogou5 to the
Gomorimethenamine silver; PAS, Periodic cid-Schi; PCR, Polymer&sénc  Nocardia niigatensisomplete 16S rRNA sequence (AB092563).

reaction; ITS, Internal transcribed spacer; ZN, Ziehl-Neelsen; DIALOF MS, Treat t initiated with dail | . 5
Matrix-absorption laser desorption ionization-time-of- ight maspectrometry; eatment was initiated with once daily oral enro oxacin (

TMS, Trimethoprim-sulfamethoxazole; PV, Papillomavirus; OIFI, Opporttinis mg/kg; Bayer, Shawnee MiSSiOﬂ, KA, USA) and twice da”y
invasive fungal infections. doxycycline (5 mg/kg; West-Ward Pharmaceuticals, Eatontown
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FIGURE 1 | Clinical and histopathology appearance of cutaneou€urvularia geniculataRight forelimb paw swelling with multifocal draining trast(a,b); Note
pyogranulomatous dermatitis with intralesional pigmentkfungal elements (asterisk) centered around hair follideind adnexa €: 10X, H&E stain); Note the
GMS-positive septate fungal elements, which form large, teninal dilations ¢: 20X, GMS stain).

NJ, USA); immunosuppressants MMF (12 mg/kg oncedaily) anDISCUSSION
prednisone (0.5 mg/kg AM and 0.3 mg/kg PM) were continued.

On progress examination, 3 weeks later (13 weeks fromho the authors' best knowledge, this is the rst case report
initial presentation), the left forelimb swelling, nodules, Of successful treatment of cutaneous opportunistic badteria
and draining tracts improved markedly Figure 2f), but fungal and viral infections in a canine patient with contirtie
the patient developed with acute diuse swelling of theimmunosuppressive therapy for IMHA. This case report
right carpus and several multifocal exophytic cutaneou§onrms the increasing prevalence risk of opportunistic
masses were observed on the face and Idggufe 2g. Cutaneous infections in immunosuppressed dogs and the
Radiographs revealed an aggressive, osteolytic bone lesifgrapeutic challenges clinicians encounter when presenttd
of the distal aspect of the right radius. Histopathologicathese cases.
examination of the bone biopsy showed productive osteoblastic Ciclosporin administration is considered a signi cant risk
osteosarcoma. Fungal culture yielded no growth. Surgic&kctor for opportunistic invasive fungal infections (OIFI)
removal of the cutaneous masses with histopathologin multi-immunosuppressor agent treatment protocols for
revealed irregular epidermal hyperplasia with intranucleaimmune-mediated diseases in dogk (nterestingly, prednisone,
keratinocyte inclusion bodies characteristic of viralimgd MMF, azathioprine, and le unomide were not associated with
papillomas Figures 3a—§ Immunosuppression with MMF the development of OIFIJ). The majority of dogs with OIFI
(12 mg/kg) once daily was continued, prednisone and there diagnosed with phaeohyphomycosis or hyalohyphomycosis;
previous therapies forNocardia and Curvularia infections the most common genera of phaeohyphomycosis associated
were discontinued. with OIFI includes Curvularia species (spp.)Alternaria spp.,

About 4 weeks later, the patient presented with developmerBipolaris spp., Cladosporiumspp., andParaconiothyriumspp.
of di use to coalescing viral-papillomas (VP) on the left faneb (2, 3, 6). In this report, cutaneous OIFI a ecting right forelimb
(Figures 3d-j. Therapy with every other day topical imiquimod was developed during 6-week multi-agent immunosuppressive
(5%; Perrigo; Allegan, MI, USA) resulted in near regression g#rotocol for IMHA and Curvularia geniculatawvas identi ed
the lesions 2 weeks lateffifure 3g. The patient was euthanized as a causative agent using next-generation sequencing from
3 weeks later (20 weeks from initial presentation) due tdhe fungal culture. Treatment of dogs that develop cutarseou
progression of osteosarcoma. OIFI, consists of discontinuation of immunosuppressive
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FIGURE 2 | Right forelimb improvement after treatment oCurvularia geniculataa); Clinical appearance of cutaneousNocardia niigatensiswith diffuse left forelimb
edema, nodules and two draining tracts(a, b); Histopathology of cutaneous nocardiosis is characterize by diffuse neutrophilic dermatitis with super cial dermal
edema and small numbers of macrophages{: 4X, H&E stain;d: 20X, H&E stain); Rare, slender gram-positive branching ldli (arrowheads) scattered throughout the
deep dermis with neutrophilic cell in Itration¢: 100X, Gram-stain); Clinical improvement of left foreliméfter treatment of cutaneous Nocardiosigf); Multifocal
exophytic cutaneous viral papillomason lateral muzzlg).

medications, administration of antifungal medications dan remission of cutaneous phaeohyphomycosis in our dog
surgical excision if lesions are solitary or on a distal @xtity was achieved with discontinuation of ciclosporine and
(3, 6). Discontinuing ciclosporin administration and reducing administration of systemic combination itraconazole and
the dosage of prednisolone resulted in spontaneous cutaneotesbina ne; surgical approach and limb amputation were not
phaeohyphomycosis resolution in a single dog while IMHAneeded. Combination antifungal therapy due to the severity
was controlled in remission9j. However, in some patients, of IMHA in our patient, systemic immunosuppression with
additional long-term systemic antifungal medications twit MMF and prednisone was reduced but continued during the
discontinuation of immunosuppressive medications areantifungal treatment.

needed for the successful OIFI treatmeft {0). Importantly, Opportunistic bacterial and viral infections in dogs receiyi
systemic antifungal azoles (e.g., itraconazole, ketoot®maz MMF alone or together with glucocorticoids are not well-
uconazole) should not be administered to OIFI patients documented. The most common side e ect in dogs during
unless ciclosporine is discontinued; systemic azoles asere MMF and glucocorticoid administration for treatment of cam@n
blood levels of ciclosporine when jointly administered, @hi IMHA is diarrhea (12). Opportunistic cutaneous and systemic
leads to more potent immunosuppressiohl). Rapid clinical infections with Nocardia spp. in dogs have been associated

Frontiers in Veterinary Science | www.frontiersin.org 4 August 2019 | Volume 6 | Article 249


https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

Strzok et al. Cutaneous Opportunistic Skin Infection Dog

FIGURE 3 | Clinical appearance and histopathology of cutaneous vir@xophyticpapillomas. Note the papillary hyperplasia andevere hyperkeratotis &: 4X,
H&Estain). Keratinocytes are enlarged with gray-blue nelyrillar cytoplasm and sometimes have a large amphophilicpitranuclear inclusion body that peripheralizes
the chromatin p: 20X, H&E stain); Immunohistochemistry staining with antiuman papillomavirus antibodies reveals the presence of péllomaviral L1 positive for viral
papillomas €: 10X; broad spectrum BPV-1/IH8 and CAMVIR-1 antibody). Diffiesto coalescing viral-papillomas on the left forelimb limbrad margin of paw pad (d—f);
Near regression of viral papillomas of left forelimb aftenérapy with topical imiquimod(g).

with ciclosporine administration i, 13). Nocardiosis can be contaminants {). To con rm the MALDI-TOF MS bacterial

di cult to diagnose due to the relatively slow growth of the identi cation results in our dog, 16S rRNA gene sequencing
organism and possible contaminants from tissue samglesy.  was performed on the bacterial isolate and revedledardia
We removed the super cial part of the skin biopsy tissue toniigatensis 16S rRNA gene sequencing is commonly used
avoid surface skin contaminants in the culture in our dog.eTh for Nocardia identi cation as the 16S rRNA gene is highly
use of MALDI-TOF MS, to identify most bacterial and fungal conserved amondNocardia species 1). ldenti cation of the
isolates, has revolutionized work ow and improved turnarmli  Nocardia species as the causative pathogen, involved in our
time in clinical microbiology laboratories. From 312 Noda  patient's skin lesions, is important because it allows di @ren
isolates tested, 236 (76%) were correctly identied to theptions for an e ective systemic antimicrobial therapy. Tekin
species level using MALDI-TOF M84). In our case, MALDI- into account the skin lesion severity and the time needed to
TOF MS identied the cultured Gram-positive branching obtain results from the bacterial culture, histopathologyda
bacilli asStreptomycespp; invasiveStreptomycesfections are  gene sequencing, our patient was immediately started wigh or
uncommon in animals and are sometimes considered to bdoxycycline and enro oxacin. Historically, TMS has been the
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antimicrobial drug of choice in dogs for its recognized wityi  an opportunistic fungal infection. In this case report, thisbd

againstNocardiaspp. and low cost; TMS was not utilized in is at an increased the risk of osteosarcoma development, but

our IMHA patient due to concerns of a potential adverse e ectthe role of immunosuppression in neoplasia development is not

of inducing hemolytic anemia 15). In this case, treatment known (21, 22). The most recent literature has not reported

with doxycycline and enro oxacin resulted in signi cantiglcal  immunosuppression as a risk factor for the development of

improvement of cutaneous nocardiosis lesions without asger osteosarcoma in canine patien).

e ects observed during treatment. Interestingly, tetrdinas are

considered as an alternative oral agent for nocardiosiziméns

with hypersensitivity to TMS or TMS refractory nocardiosis

(16). Further studies are needed in both human and caninén conclusion, this case represents, to the best of our

patients to provide additional antibiotic options for treatmteof ~ knowledge, the rst description of the successful treatmeft

Nocardiainfections. cutaneous opportunistic bacterial, fungal and viral infentin
Cutaneous PV infections can be developed in dogs withousin immunosuppressed dog, even though the immunosuppressive

detectable immunode ciency, are self-limiting and freqtlg  drug treatments could not be discontinued. This case higt

regress spontaneously in one to 12 months ). Systemic the importance of monitoring multi-agent immunosuppressed

immunosuppression has been associated with the developmepatients for development of unusual opportunistic infectionsla

of PV-induced lesions in dogsk(5). Topical imiquimod is an pathogen identi cation with a deep skin biopsy, histopatholpgy

immune modi er that acts by stimulating Thl cytotoxic cell- tissue cultures and next-generation sequencing.

mediated immune responsel). The reports of imiquimod

usage in canine PV skin infections are limited;, completD ATA AVAILABILITY

resolution of disseminated cutaneous viral papillomatosith wi

multimodal treatment involving surgical resection, todica The raw data supporting the conclusions of this manuscript will

imiquimod cream once daily and canine papillomavirus 2be made available by the authors, without undue reservatmn

vaccine was achieved in one datf) In our patient, surgical any quali ed researcher.

resection was not feasible with the location and severitykai

lesions. Topical imiquimod every other day resulted insigamit ~ ETHICS STATEMENT

regression of PV lesions within 2 weeks of therapy without

side e ects. Best veterinary care was practiced in the clinical and diagmost
The patient developed osteosarcoma during the treatment @valuation as well as treatments. The owner of the dog provided

IMHA. In humans, IMHA is a known paraneoplastic syndrome informed consent for all procedures prior to them being

butthere is lacking veterinary literature linking canceddMHA  performed. As no experimental protocols were utilized, an

in dogs, but cancer should be considered as a possible triggi@ktitutional review was not required or performed.

to IMHA (19. Systemic immunosuppression with ciclosporine

increases the risk of neoplasia in human transplant recipientAUTHOR CONTRIBUTIONS

with a case report of lymphoma in a canine patient treated

with ciclosporine and ketoconazole for anal stulas9(20). ES and FB designed the concept of this case report. All authors

Our patient received ciclosporine for 6 weeks during initialcontributed to the writing and gure generation and they

treatment of IMHA, but was discontinued with development of approved the submitted version.
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