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RESUMO

O monitoramento da sensibilidade antifingica em espécies de Candida de origem
veterinaria € uma préatica recente e 0s mecanismos envolvidos ainda ndo foram completamente
elucidados. Considerando que o arsenal de drogas antiflngicas é limitado e que o fendmeno
de resisténcia tem se tornado mais frequente, a compreenséo deste fendmeno e a busca por
alternativas terapéuticas se fazem necessérias. Dessa forma, o presente trabalho teve como
objetivo monitorar a sensibilidade in vitro de Candida spp. oriundas de animais, com énfase
na resisténcia aos azolicos mediada por bombas de efluxo e na avaliagdo da atividade do
imidazolico levamisol sobre o crescimento destas leveduras. Para tanto, em um primeiro
momento, foram avaliados 126 isolados de Candida, sendo 19 C. albicans, 17 C. famata, 5 C.
guilliermondii, 8 C. krusei, 29 C. parapsilosis, 48 C. tropicalis, dos quais 22 foram isolados
de rapinantes, 32 de periquitos do sertdo, 56 de papagaios, 7 de araras canindé e 3 de um
ourigo-cacheiro. Todas as cepas foram submetidas ao teste de microdiluicdo em caldo, ante a
anfotericina B, itraconazol, fluconazol, segundo metodologia padronizada pelo Clinical
Laboratory Standards Institute (documento M27-A3). As concentragdes inibitorias minimas
(CIMs) variaram de 0,03125 a 2 pg/mL, 0,125 a 250 pg/mL e de 0,03125 a 125 ug/mL para
anfotericina B, fluconazol e itraconazol, respectivamente. Dos 126 isolados avaliados por
microdiluicdo, 33 (26,2%) foram resistentes aos azolicos, sendo 7 (5,6%) resistentes somente
a fluconazol, 1 (0.8%) resistente somente ao itraconazol e 24 (19%) resistentes a ambas as
drogas. Em um segundo momento, todas estas cepas resistentes aos derivados azolicos, mais
20 C. albicans e 3 C. tropicalis resgatadas da nossa colegdo de leveduras resistentes de origem
veterinéria, foram submetidas ao teste de inibicdo de bomba de efluxo com prometazina,
perfazendo um total de 56 cepas resistentes a azélicos. Dessa forma, as CIMs de fluconazol e
itraconazol sofreram reducdes significativas de 2 a 250 e de 16 a 4000 vezes, respectivamente.
Investigou-se, ainda, a atividade antiflngica do levamisol contra 12 C. albicans, 12 C. krusei,
12 C. parapsilosis e 12 C. tropicalis, sendo obtidas CIMs e concentra¢des fungicidas minimas
que variaram de 0,58 a 2,34 mg/mL e de 2,34 a 9,37 mg/mL, respectivamente. Paralelamente,
foi demonstrado que o levamisol inibe a formagédo do biofilme de C. albicans e C. tropicalis,
bem como interfere na manutencdo do biofilme maduro. Os dados apontam que a resisténcia
aos derivados azdlicos €, pelo menos em parte, mediada por bombas de efluxo, bem como
demonstram o potencial antifingico do imidaz6lico levamisol e sua capacidade de inibir o
biofilme de cepas de Candida spp. oriundas de animais.
Palavras-chave: Animais, Candida spp., azélicos, resisténcia, bomba de efluxo, biofilme,

levamisol e prometazina.



ABSTRACT

Monitoring of the antifungal susceptibility of Candida species from veterinary sources
is a recent practice and the mechanisms involved in antifungal resistance have not been
completely elucidated. Considering that the antifungal arsenal is limited and that antifungal
resistance has become more frequent, the comprehension of this phenomenon and the pursuit
for therapeutic alternatives are necessary. Thus, the present work aimed at monitoring the in
vitro susceptibility of Candida spp. isolated from animals, with emphasis on efflux pump-
mediated azole resistance and on the evaluation of the effect of the imidazole levamisole on
the growth of these yeasts. For such, in a first approach, 126 Candida isolates (19 C. albicans,
17 C. famata, 5 C. guilliermondii, 8 C. krusei, 29 C. parapsilosis, 48 C. tropicalis), out of
which 22 were recovered from raptors, 32 from cactus parakeets, 56 from Amazon parrots, 7
from blue-and-gold macaws and 3 from a Brazilian porcupine. All isolates were submitted to
broth microdilution test against amphotericin B, itraconazole and fluconazole, according to
the methodology recommended by the Clinical Laboratory Standards Institute (document
M27-A3). The MICs ranged from 0.03125 to 2 ug/mL, 0.125 to 250 pg/mL and 0.03125 to
125 pg/mL for amphotericin B, fluconazole and itraconazole, respectively. Out of 126
evaluated isolates, 33 (26.2%) were resistant to azoles, with 7 (5.6%) isolates resistant to
fluconazole, 1 (0.8%) isolate resistant to itraconazole and 24 (19%) resistant to both drugs. In
a second approach, all these azole resistant isolates, plus 20 C. albicans and 3 C. tropicalis
that were recovered from our collection of resistant yeasts from veterinary sources, were
submitted to the efflux pump inhibition assay with promethazine, with a total of 56 azole
resistant isolates. Thus, MICs for fluconazole and itraconazole significantly reduced from 2 to
250 times for fluconazole and from 16 to 4000 times for itraconazole. The antifungal activity
of levamisole against 12 C. albicans, 12 C. krusei, 12 C. parapsilosis and 12 C. tropicalis,
was also evaluated, and MICs and minimum fungicidal concentrations varying from 0.58 to
2.34 mg/mL and from 2.34 to 9.37 mg/mL were obtained, respectively. Parallelly, it was
demonstrated that levamisole significantly inhibits biofilm formation and interferes with the
maintenance of mature biofilms. These data show that azole resistance is partially mediated
by efflux-pumps and demonstrate the antifungal potential of the imidazole levamisole and its
capacity of inhibiting the biofilm of strains of Candida spp. from animals.
Keywords: Animals, Candida spp., azoles, efflux pump, biofilm, levamisole and

promethazine.
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1. INTRODUCAO

1.1 Candida spp. como Parte da Microbiota de Animais

As leveduras do género Candida sdo microrganismos eucariontes que pertencem ao
Reino Fungi, filo Ascomycota; subfilo Saccharomycotina, classe Saccharomycetes e ordem
Saccharomycetales (NCBI Taxonomy, 2011). O filo Ascomycota possui trés grupos principais:
Archiascomycetes, representado por fungos primitivos; Euascomycetes, composto por fungos
filamentosos; e Hemiascomycetes, representado por leveduras. Esse Ultimo grupo abrange a
grande ordem Saccharomycetales, a qual pertencem as espécies de Candida. Todos os membros
desta ordem se caracterizam por apresentarem hifas rudimentares ou ausentes, células
vegetativas que proliferam por brotamento ou fisséo, parede celular com quantidade reduzida de
quitina e ascos que sdo formados isoladamente ou em cadeia (DIEZMANN et al., 2004).

As espécies de Candida sdo componentes usuais da microbiota dos tratos gastrintestinal e
geniturinario e da pele de animais saudaveis, atuando como organismos comensais (WROBEL et
al., 2008; NAWANGE et al., 2009; SIMPSON et al., 2009). Muitas espécies de Candida ja
foram isoladas de varios taxa animais, incluindo mamiferos (BRITO et al., 2009), aves
(CAFARCHIA et al., 2006; BRILHANTE et al., 2010) e animais ectotérmicos, como répteis
(NARDONI et al., 2008) e crustaceos (BRILHANTE et al., 2011). No entanto, a frequéncia de
isolamento dessas leveduras varia grandemente entre as classes animais, como sera demonstrado
a sequir.

O isolamento de espécies de Candida como parte da microbiota de mamiferos saudaveis
é pouco relatado. Cleff et al. (2005) demonstraram que Candida spp. comp&em a microbiota
vaginal de cadelas sadias e que a frequéncia de isolamento € influenciada pela fase do ciclo
reprodutivo. As espécies isoladas por esses pesquisadores foram C. parapsilosis, C.
guilliermondii, C. kefyr, C. albicans, C. glabrata e C. krusei. Kobayashi (2008) demonstrou uma
baixa porcentagem de isolamento de Candida spp. da cavidade oral de cdes, obtendo somente
trés exemplares da espécie C. parapsilosis, dos 38 animais avaliados. Brito et al. (2009a), por sua
vez, obtiveram 23 isolados de Candida spp. a partir de amostras colhidas da mucosa oral, da
mucosa vaginal, do prepucio e da regido perianal de 203 cées sadios, sendo a regido perianal e a
vagina os sitios mais colonizados. Destes isolados, C. parapsilosis representou a espécies mais
prevalente, seguida de C. tropicalis e, por ultimo, C. albicans.



Além de cées, existem trabalhos relatando o isolamento de Candida spp. como parte da
microbiota de diversos sistemas organicos de outros mamiferos, como cetaceos (TAKAHASHI
et al., 2010; MORRIS et al., 2011), roedores (ROSTAMI et al., 2010), ruminantes (SOUZA,
SIQUEIRA, 2003; SHOKRI et al. 2010; ABRAO et al., 2011), suinos (CARREGARO et al.,
2010), dentre outros. No entanto, o sistema digestorio é demonstrado como aquele onde as
espécies de Candida ocorrem com maior frequiéncia.

Nas aves, o isolamento de leveduras do género Candida é mais comum, quando
comparado as outras classes animais, independente da ordem aviaria pesquisada. Diferentemente
dos mamiferos, os relatos de isolamento de Candida spp. em aves sadias sdo frequentes,
principalmente, a partir de espécimes obtidos do trato gastrintestinal. Em um estudo sobre a
ocorréncia de leveduras em fezes de psitacideos em cativeiro, obteve-se uma prevaléncia de 62%
para Candida spp., e as espécies mais encontradas foram C. pelliculosa, seguida por C. famata
(MANCIANTI et al., 2001).

Em um outro estudo, com 182 aves de rapina européias, Cafarchia et al. (2006b),
isolaram Candida spp. de 2,7% das aves e de 9,4% das amostras de fezes avaliadas, obtendo
cinco espécies distintas: C. albicans, C. tropicalis, C. inconspicua, C. famata e C. pelliculosa.
Ainda neste estudo, 60 rapinantes foram necropsiados e amostras foram colhidas do ingluvio, do
pré-ventriculo, do ventriculo e da cloaca, resultando no isolamento de Candida spp. em 25% das
aves. A espéecie mais prevalente foi C. albicans e os sitios anatdmicos que apresentaram um
maior nimero de isolados foram inglavio e cloaca (CAFARCHIA et al., 2006b).

Brilhante et al. (2010), por sua vez, por meio da cultura de amostras oriundas da cavidade
oral, do inglavio e da cloaca de calopsitas (Nymphicus hollandicus), isolaram Candida spp. de
55% das aves avaliadas, considerando pelo menos um dos sitios anatbmicos amostrados, e de
57,1% das amostras de fezes coletadas. A cavidade oral e o ingluvio foram os sitios onde
Candida spp. foram mais prevalentes. Ao todo, 92 isolados de Candida spp., pertencentes a seis
espécies (Candida albicans, C. famata, C. glabrata, C. krusei, C. parapsilosis, C. tropicalis),
foram obtidos.

Em répteis, sdo poucos os trabalhos que visam a caracterizagdo da microbiota fungica e j&
foi demonstrado que os fungos filamentosos saprofiticos sdo mais frequentemente isolados,
quando comparados as leveduras do género Candida (JACOBSON; CHEATWOOD;
MAXWELL, 2000). Nardoni et al. (2008), por meio do isolamento de fungos a partir de swabs



de cloaca de répteis mantidos em cativeiro, obtiveram 18,5% das amostras coletadas positivas
para Candida spp., enquanto que 92,1% das mesmas eram positivas para fungos filamentosos.

Quanto aos crustaceos, ja foi demonstrado que, em culturas de camarao, as espécies de
Candida séo as leveduras mais frequentemente isoladas, tanto do trato gastrintestinal dos animais,
como da agua de cultivo (JOHNSON; BUENO, 2000; LEARNO et al., 2005). Em um estudo com
0 camardo Macrobrachium amazonicum, 92,3% das leveduras isoladas pertenciam ao género
Candida, sendo C. famata a espécie mais prevalente em camardes do cativeiro, bem como do
ambiente natural (BRILHANTE et al., 2011).

Assim, é possivel constatar que as leveduras do género Candida encontram-se
amplamente distribuidas nos sistemas organicos, principalmente, no trato gastrintestinal de
animais sadios, como componentes da microbiota. A frequéncia de isolamento de Candida spp. é
bastante variavel, devido as diferencas biologicas observadas entre os taxa animais, como
ecologia, dieta, comportamento e habitat (CAFARCHIA et al., 2006a; CAFARCHIA et I,
2006b). Contudo, as espécies de Candida isoladas tendem a ndo variar entre hospedeiros
distintos.

1.2 Candida spp. como Agentes Patogénicos para Animais
As leveduras do género Candida, apesar de serem microrganismos comensais, podem

também ocasionar uma infeccdo ativa, denominada de candidiase ou candidose (BRITO et al.,
2009b). No entanto, para que estas leveduras se estabelecam como agentes infecciosos, é
necessario o desequilibrio no binbmio parasita-hospedeiro (SIDRIM; ROCHA, 2004).

Dentre as alteracBes inerentes ao hospedeiro na medicina veterinaria, os fatores
predisponentes mais comuns para a ocorréncia de candidiase sdo 0 imunocomprometimento, o
estresse cronico, as deficiéncias nutricionais, o uso prolongado de glicocorticdides e de
antibacterianos e a ocorréncia de doencgas auto-imunes e de doencas de base, como infeccOes
virais, Diabetes Mellitus e cancer (VELASCO, 2000; HESELTINE et al., 2003; MORETTI et
al., 2004).

A capacidade de Candida spp. passarem de microorganismos comensais a agentes
patogénicos, sob condi¢es hospedeiras favoraveis, depende também de vérios fatores de
viruléncia (COSTA et al., 2009), os quais contribuem para a patogenicidade dos microrganismos
(ZENG et al., 2008). Dentre estes fatores, podem-se destacar a producao de enzimas hidroliticas,
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como fosfolipases e proteinases, a habilidade de aderir a células epiteliais e endoteliais e a
ocorréncia de alteracdes fenotipicas e de modulagdo antigénica, em decorréncia da formacéo de
pseudohifas (IBRAHIM et al., 1995; GHANNOUM, 2000; OMBRELLA; RACCA; RAMOS,
2008; ZENG et al., 2008; VIEIRA; ACQUA-COUTINHO, 2009).

Dentre esses fatores, a producdo de fosfolipases merece destaque, uma vez que a elevada
atividade dessas enzimas esta correlacionada a outros atributos de viruléncia, como 0 aumento na
capacidade de aderéncia as células epiteliais e na taxa de mortalidade, em modelos animais
(SAMARANAYAKE et al., 2005; COSTA et al., 2009) e a maior capacidade de invasao dos
tecidos hospedeiros e de formagdo de tubo germinativo (SAMARANAYAKE et al., 2005).
Assim, as fosfolipases promovem a viruléncia por ocasionarem lise das células hospedeiras ou
alteracdes nas caracteristicas de superficie das mesmas, facilitando os processos de aderéncia e
de penetracdo (IBRAHIM et al., 1995; SAMARANAYAKE et al., 2005).

Em 1982, Price et al. descreveram um método em placa para detectar a atividade de
fosfolipase em C. albicans. Tal método consiste na semeadura das cepas em meio agar
Sabouraud dextrose, acrescido de gema de ovo, a qual é rica em fosfolipidios. Quando os
isolados sdo positivos, observa-se a formagdo de uma zona de precipitacdo densa, ao redor da
colénia, provavelmente, devido a formagdo de complexos de calcio com os acidos graxos,
liberados em decorréncia da acdo enzimética sobre os fosfolipidios do meio (GHANNOUM,
2000). Dessa forma, a atividade de fosfolipase (Pz) é definida como a razdo entre o diametro da
coldnia e o diametro total, formado pela colonia e pela zona de precipitacdo (GHANNOUM,
2000). Devido a facilidade de execucdo, a utilizagdo do agar gema de ovo tornou-se 0 método
tradicional de triagem de cepas de Candida spp., quanto a atividade de fosfolipase
(GHANNOUM, 2000), sendo o método utilizado por diversos pesquisadores (CAFARCHIA et
al., 2008; OMBRELLA; RACCA; RAMOS, 2008; ZENG et al., 2008; COSTA et al., 2009,
VIEIRA; ACQUA-COUTINHO, 2009, SIDRIM et al., 2010; BRILHANTE et al., 2011). No
entanto, uma vez que a gema de ovo contém substrato tanto para fosfolipases, quanto para
lipases, essa técnica ndo é especifica, devendo ser utilizada somente para triagem inicial
(GHANNOUM, 2000; COSTA et al., 2009).

Poucos trabalhos relatam a producéo de fosfolipase por cepas de Candida spp. de origem
animal. Cafarchia et al. (2008), demonstraram que 76,4% dos isolados de Candida spp. obtidos

do trato gastrintestinal de rapinantes, de aves migratorias e de passeriformes produziram



fosfolipases. Vieira e Acqua-Coutinho (2009), por sua vez, observaram que 68% das cepas de
isolados de Candida spp., oriundas do inglavio de filhotes de papagaios (Amazona aestiva e A.
amazonica) com e sem sinais clinicos de ingluvite, foram positivas para a produc¢éo dessa enzima.

Nosso grupo demonstrou que 79,7% das cepas de Candida isoladas do trato
gastrintestinal de calopsitas produziam fosfolipases, das quais 61,7% apresentavam uma forte
atividade enzimatica (SIDRIM et al., 2010). Adicionalmente, também foi evidenciada a atividade
dessa enzima em 12,5% dos isolados de Candida spp. obtidos de camarbes M. amazonicum
(BRILHANTE et al., 2011)

As infecgOes por Candida spp. geralmente acometem animais imunocomprometidos
(MORETTI et al., 2000; HESELTINE et al., 2003) e relatos de candidiase sdo descritos em
diferentes partes do mundo, acometendo diversas espécies animais, com manifestacdes clinicas
variadas (BRITO et al., 2009b).

Nos mamiferos, os sitios anatbmicos mais acometidos sdo pele e anexos, ouvido, tratos
urinario e gastrintestinal e sistema reprodutor (HESELTINE et al., 2003; JIN; LIN, 2005;
KIVARIA; NOORDHUIZEN, 2007; WROBEL et al., 2008). Em cées, as leveduras do género
Candida preferem &reas constantemente Umidas, onde facilmente ocorre a maceracgdo tecidual,
como nas mucosas, nas jungfes mucocutaneas, nas &reas intertriginosas, nas membranas
interdigitais, no canal auditivo e na face lateral da orelha (CLEFF et al., 2005). Quadros de
candidiase ndo sdo comumente descritos nessa espécie animal, havendo um maior nimero de
relatos de acometimento cutdneo (CLEFF et al., 2007; LEE et al., 2011) e de candidiases
sisttmicas (GERSHENSON et al., 2011; SKORIC et al., 2011). Ademais, infec¢des por Candida
ja foram descritas em bovinos, ocasionando mastites (SPANEMBERG et al., 2008), em
roedores, ocasionando infeccGes sisttmicas (NAWANGE et al., 2009; SIMPSON et al., 2009),
dentre outros.

Em aves, Candida spp. sdo patdgenos importantes para filhotes e para individuos
imunocomprometidos, devido a presenca de enfermidades virais, de subnutri¢cdo, de fatores
estressantes, dentre outras causas (MORETTI et al., 2000; VELASCO, 2000; SAMOUR,;
NALDO, 2002; KLAPHAKE; CLANCY, 2005; GARCIA et al., 2007; OSORIO et al., 2007).
Na maioria dos casos, a candidiase tem origem enddgena, em individuos predispostos ao
crescimento excessivo dos microorganismos da microbiota (MORETTI et al., 2000; SAMOUR,;
NALDO, 2002; KLAPHAKE; CLANCY, 2005). No entanto, foi observado que a doenca pode



ser transmitida por meio de fomites e de sondas oro-esofagicas contaminadas (MORETTI et al.,
2000; SAMOUR; NALDO, 2002).

Os psitaciformes e as aves de rapina sdo altamente suscetiveis a infeccGes por esses
microrganismos, sendo o trato gastrintestinal superior o sistema mais afetado, em particular
orofaringe, inglavio e eséfago (MORETTI et al., 2000; VELASCO, 2000; SAMOUR; NALDO,
2002; GELLIS, 2006). O inglavio é suscetivel a infeccGes por Candida spp., por ser um 6rgao
saculiforme, contendo Vvarios nutrientes necessarios para o crescimento fungico (KANO et al.,
2001).

Vale ressaltar que também h& relatos de infeccdo por Candida spp. em animais
ectotérmicos, como em répteis (HERNANDEZ-DIVERS, 2001; PAWAIYA et al., 2011), peixes
(GATESOUPE, 2007) e camardes (LU et al., 1998).

A espécie mais comumente implicada nos casos de candidiase em animais é C. albicans,
mas outras espécies, como C. tropicalis, C. parapsilosis, C. krusei e C. rugosa tem sido
comumente isoladas (MORETTI et al., 2000; VELASCO, 2000; SAMOUR; NALDO, 2002;
GELLIS S., 2006; GARCIA et al., 2007; WROBEL et al., 2008). Na realidade, a prevaléncia de

C. albicans em populagdes animais ainda ndo é bem conhecida (WROBEL et al., 2008).

1.3 Identificacdo Fenotipica de Candida spp.

O diagndstico micoldgico de candidiase consiste, inicialmente, na confeccdo de Iaminas
contendo amostras do espécime clinico, clarificadas com hidréxido de potéssio, para realizagéo
do exame direto. Posteriormente, as amostras clinicas sdo repicadas em meios de cultura
classicos, como agar Sabouraud, agar Sabouraud acrescido de cloranfenicol e agar Sabouraud
acrescido de cloranfenicol e de cicloheximida (SIDRIM; ROCHA, 2004).

Apos o crescimento fangico, as col6nias sdo avaliadas morfologicamente, as quais sao,
normalmente, lisas, Umidas ou secas, de colora¢do branca ou creme (Figura 1) (DE HOOG et al.,
2000). Em seguida, é realizada a avaliagdo micromorfoldgica, por meio do repique em &gar
Cornmeal-Tween 80 (DE HOOG et al., 2000), a qual permite a identificacdo definitiva de muitas
espécies de Candida, uma vez que forma estruturas especificas, como hifas e pseudohifas,
dispostas em padrbes caracteristicos para cada espécie (DE HOOG et al., 2000; MILAN;
ZAROR, 2004). Finalmente, as cepas de Candida spp. sdo submetidas as provas bioguimicas de



producdo de urease, de assimilacdo e de fermentacdo de carboidratos e de assimilacdo de
nitrogénio (Figura 2) (BRITO et al., 2009).

Fonte: CEMM, 2010 Fonte: CEMM, 2010

Figura 1: a) Placa contendo &gar semente de Niger apresentando um crescimento de multiplas
colonias coalescentes. b) Placa contendo &gar Sabouraud acrescido de cloranfenicol,
demonstrando o crescimento de colénias de Candida spp. (setas pretas), de Rhodotorula spp.
(setas vermelhas) e de fungos filamentosos contaminantes (seta amarela).

As caracteristicas de crescimento sob temperaturas distintas também podem ser utilizadas
como uma ferramenta complementar para a identificacdo de algumas espécies (DE HOOG et al.,
2000; GARCIA-MARTOS et al., 2004). Adicionalmente, alguns testes especificos podem ser
realizados, como o crescimento em meios cromogénicos (Figura 2), com o objetivo de
identificar coldnias mistas e de realizar um diagndstico presuntivo rapido (QUINDOS et al.,
2001) e em meios contendo concentragdes distintas de cicloheximida (DE HOOG et al., 2000).



Fonte: CEMM, 2011 Fonte: CEMM, 2010

Figura 2: a) Prova de assimilacdo de carbono, demonstrando a presenca de trés halos de
assimilacéo (setas); b) Placa contendo agar cromogénico, permitindo a identificacdo presuntiva
de Candida albicans (seta verde), C. krusei (seta preta) C. parapsilosis (seta rosa) e C. tropicalis
(seta azul).

1.4 Resisténcia aos Derivados Azolicos

O arsenal terapéutico antifingico € estreito, quando comparado ao das drogas
antibacterianas, sendo composto por sete classes de drogas: 1) os derivados poliénicos,
representados pela nistatina e pela anfotericina B; 2) a griseofulvina; 3) a flucitosina; 4) os
derivados azélicos, como cetoconazol, fluconazol e itraconazol; 5) as alilaminas, representadas
pela naftifina e terbinafina; 6) os derivados morfolinicos, representados pela amorolfina, e 7) as
equinocandinas, como a caspofungina e a micafungina (ROCHA,; SIDRIM, 2004). Dentre estas
classes, os derivados azdlicos merecem destaque por serem as drogas antifungicas mais
utilizadas na rotina clinica.

A descoberta da atividade antifingica do benzimidazol impulsionou desenvolvimento da
terapéutica antifingica, pois, a partir desse momento, varios estudos foram conduzidos,
objetivando a descoberta de derivados azolicos com propriedades antimicoticas. Assim, surgiram,
inicialmente, os derivados imidazélicos, como o miconazol, o cetoconazol e o tioconazol e,
posteriormente, os derivados triazélicos, representados pelo fluconazol, itraconazol, voriconazol,
ravuconal e posaconazol. A descoberta das drogas triazélicas representou um grande avango para
a micologia médica, uma vez que estas drogas apresentam menos efeitos deletérios, quando
comparadas aos outros antifingicos, e propriedades farmacocinéticas mais favoraveis, resultando
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em uma terapia antifungica mais segura e eficaz (ROCHA; SIDRIM, 2004). Os derivados
azolicos interferem na sintese do ergosterol por meio do bloqueio da enzima 14-a-demetilase
presente no citocromo P-450 da célula fangica, impedindo a demetilagdo do lanosterol em
ergosterol. Esse mecanismo de agdo dos azolicos altera a fungdo da membrana celular,
aumentando a permeabilidade da mesma, além de levar ao acimulo de metabolitos toxicos,
gerados no processo de biossintese do ergosterol (KANAFANI; PERFECT, 2008).

A resisténcia aos derivados azélicos comegou a ser observada com o aparecimento de
cepas de C. albicans resistentes ao fluconazol, entre pacientes HIV positivos que apresentavam
candidiase oral e esofagica, previamente a introducdo de terapia antirretroviral (JOHNSON,
2008; KANAFANI; PERFECT, 2008). A prevaléncia de C. albicans resistente a esse grupo de
drogas é menos comum em pacientes com candidiase vaginal e candidemia. No geral, a taxa de
resisténcia aos azélicos permanece baixa, entre a maioria das espécies de Candida spp. isoladas
de seres humanos, variando de 1 a 2,1% em C. albicans, de 0,4 a 4,6% em C. parapsilosis e de
1,4 a 6,6% em C. tropicalis. (KANAFANI; PERFECT, 2008).

Existem muitos trabalhos com o monitoramento do perfil de sensibilidade a drogas de
leveduras isoladas de amostras clinicas humanas. No entanto, os trabalhos com Candida spp.
isoladas de animais ndo sd&o comuns. Nosso grupo demonstrou a presenca Candida spp.
resistentes a azoélicos, como parte da microbiota de animais. Assim, Brito et al. (2009)
observaram que os dois isolados de C. albicans e trés dos quatro isolados de C. tropicalis obtidos
da cavidade oral, da regido perineal, da vagina e do prepucio de cdes sadios eram resistentes a
fluconazol e itraconazol. Sidrim et al., (2010), por sua vez, demonstraram que 14/39 (35,89%)
isolados de C. albicans oriundos do trato gastrintestinal de calopsitas higidas eram resistentes ao
itraconazol e 4/39 (10,26%) eram resistentes ao fluconazol, sendo 3/39 (7,69%) resistentes a
ambas as drogas. Por fim, Brilhante et al. (2011) obtiveram 8/24 (33.3%) isolados de Candida
spp. resistentes a fluconazol e/ou itraconazol, com destaque para os isolados de C. albicans, os
quais foram resistentes a ambas as drogas, simultaneamente.

Com base nesses achados e considerando o reduzido arsenal terapéutico antifangico, fica
clara a necessidade de realizar pesquisas que visem & busca por drogas que apresentam
propriedades antimicoticas. O levamisol é um imidazélico com atividade antihelmintica que vem
sendo utilizada desde 1966 (WON et al., 2009). Esta droga que se liga a receptores colinérgicos,

permitindo o influxo de célcio para a célula muscular do parasita, 0 que resulta na morte do

10



mesmo por paralisia espastica (MARTIN; ROBERTSON, 2007). Adicionalmente, em 1978,
observou-se que este composto também apresenta propriedades imuno-estimulantes, sendo
bastante utilizada como adjuvante terapéutico em casos de enfermidades inflamatdrias, auto-
imunes e neoplasicas, como vitiligo, artrite reumatdide e cancer do colén (WON et al., 2009), e
em casos de infeccOes associadas a quadros de imunossupresséo (LAI; LU; ENG, 2002). Quanto
as propriedades antimicrobianas, ndo ha relatos sobre os efeitos inibitdrios diretos do levamisol
ante a Candida spp, no entanto, tal droga ja foi utilizada como adjuvante no tratamento de
candidiase oral refrataria a antifingicos convencionais, em pacientes portadores de timomas
(LAL; LU; ENG, 2002).

Quanto ao desenvolvimento de resisténcia aos derivados azélicos em Candida spp., de
forma geral, existem dois mecanismos primordiais. O primeiro e mais comum consiste no
desenvolvimento de bombas de efluxo ativo, que séo codificadas pelos genes CDR1 e CDR2, os
quais codificam proteinas pertencentes a superfamilia ATP binding cassette, e pelo gene MDR1,
que codifica uma proteina pertencente a classe major facilitators. A superexpressao desses genes
e 0 consequente aumento da atividade das bombas impedem o acimulo da droga no interior da
celula, comprometendo a eficicia da mesma. A regulacdo positiva de CDR1 e CDR2 confere
resisténcia a quase todos os azdlicos, enquanto que de MDR1, confere resisténcia especifica a
fluconazol (KANAFANI; PERFECT, 2008). O segundo mecanismo consiste na alteracdo da
enzima lanosterol C14-a-demetilase, molécula-alvo dos derivados azélicos, codificada pelo gene
ERG11. A ocorréncia de superexpressdo ou de mutagdes nesse gene resulta na redugdo de
sensibilidade ou resisténcia a esse grupo de antifingicos (KANAFANI; PERFECT, 2008;
MANASTIR et al., 2009).

As bombas de efluxo sdo divididas em duas classes principais, as proteinas ATP-bindig
cassette (ABC) e as bombas major facilitators (MFS). Essas proteinas de membrana translocam
ativamente compostos através das membranas celulares, utilizando diferentes fontes de energia.
As proteinas ABC sdo transportadores primarios que hidrolisam moléculas de ATP para
obtencdo de energia, enquanto as bombas MFS séo transportadores secundarios que utilizam a
forca gerada pela movimentagdo de protons através da membrana plasmatica. Os dominios de
ligagdo de nucleotideos das proteinas ABC e os dominios transmembrana das proteinas ABC e
das bombas MFS conferem a especificidade de substrato (CANNON et al., 2009).
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As proteinas ABC sdo encontradas em todas as células de todos os organismos,
frequentemente nas membranas plasméticas, mas também nas membranas das organelas.
Algumas proteinas ABC sdo especificas para determinados ligantes, mas aquelas associadas a
resisténcia a maltiplas drogas possuem uma grande variedade de substratos, como compostos
hidrofébicos, incluindo drogas. A producdo elevada das proteinas Cdrlp e Cdr2p, codificadas
por CDR1 e CDR2, respectivamente, ocasiona a resisténcia aos azolicos, no geral a mais de uma
droga. As bombas MFS sdo proteinas encontradas nas células de plantas, animais, bactérias e
fungos, apresentando elevado grau de similaridade de sequéncia entre os diferentes reinos. A
producdo aumentada da proteina Mdrlp de C. albicans, a qual é codificada pelo gene MDR1,
confere resisténcia a fluconazol nessa espécie de levedura (CANNON et al. 2009).

Diversas substancias sdo capazes de modular a atividade das bombas de efluxo, como
metais pesados (BRUINS et al., 2000), drogas antibacterianas, como a rifampicina (VOGEL et
al.,, 2008), drogas citotoxicas, como a doxorrubicina (KOFLA et al., 2011) e drogas
antidopaminérgicas, como as fenotiazinas (KOLACZKOWSKI et al., 2003).

As fenotiazinas sdo antagonistas de receptores dopaminérgicos que sao utilizados
clinicamente como agentes antihistaminicos ou neurolépticos para o controle de transtornos
psicoticos. Ja foi demonstrado que essa classe de drogas apresenta uma atividade antimicrobiana
modesta, contra uma variedade de microrganismos (CHAN et al., 2007), incluindo Candida spp.
(GALGOCZY et al. 2011). Kolaczkowski et al. (2003) demonstraram a atividade inibitoria das
fenotiazinas, incluindo a prometazina, sobre a atividade das proteinas Pdrbp, Sng2p e Yorlp do
fungo Saccharomyces cerevisae, as quais sdo homdlogos funcionais e estruturais das proteinas
transportadoras ABC de Candida spp. (Cdrlp e Cdr2p). Assim, por meio da adi¢do de
concentragfes subinibitdrias de diferentes fenotiazinas, foi possivel reverter a resisténcia a
cetoconazol em uma cepa multidroga resistente (MDR), em decorréncia da producéo elevada de
Pdr5p. Vale ressaltar que as CIMs de cetoconazol obtidos para a cepa MDR, apds a adigdo de
uma fenotiazina, foram idénticas aquelas obtidas para cepa que sofreu dele¢do do gene PDR5, o
qual codifica Pdr5p, confirmando a acéo inibitdria das fenotiazinas sobre a atividade das bombas
ABC. Por fim, a utilizacdo de inibidores de bombas de efluxo representa uma importante
estratégia para avaliar o envolvimento dessas bombas no desenvolvimento de resisténcia a
drogas, principalmente aos derivados azblicos (SCHUETZER-MUEHLBAUER et al., 2003).
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Portanto, considerando que as leveduras do género Candida compdem a microbiota dos
sistemas organicos de animais saudaveis e que tem sido observada a resisténcia primaria a
azOllicos nesses microrganismos, torna-se importante monitorar a resisténcia em cepas de
Candida de origem veterinaria, visando a busca por compostos que apresentem potencial
antifangico, bem como a melhor compreensdo dos principais mecanismos de resisténcia aos

derivados azoélicos.
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2. PERGUNTAS DE PARTIDA E HIPOTESES

Perguntas de Partida

1. O fendmeno de resisténcia primaria em Candida spp. de origem veterinaria é mediado
por de bombas de efluxo?

2. A droga imidazdlica levamisol apresenta atividade inibitdria in vitro ante a Candida spp.?

Hipdteses

1. O mecanismo priméario envolvido na resisténcia de Candida spp. de origem veterinaria

aos derivados azblicos € mediado por bomba de efluxo.

2. O levamisol apresenta atividade inibitoria in vitro ante a cepas de Candida spp.
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3. OBJETIVOS

3.1 Objetivo Geral

Com este estudo buscou-se monitorar o perfil de sensibilidade de Candida spp. oriundas
de animais, com énfase na resisténcia aos azolicos mediada por bombas de efluxo e na avalia¢do

do potencial antifangico do imidazolico levamisol.

3.2 Obijetivos Especificos

1. Isolar e identificar espécies de Candida de animais silvestres mantidos em cativeiro;

2. Determinar a sensibilidade antifungica in vitro a anfotericina B, itraconazol e fluconazol
para as cepas isoladas;

3. Investigar o envolvimento das bombas de efluxo como mecanismo primario de
resisténcia a azélicos em cepas de Candida spp. de origem veterinaria;

4. Avaliar o potencial antifungico do levamisol em cepas de Candida spp. de origem

veterindria.
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Microbiota por leveduras de rapinantes: Uma possivel ferramenta para o0 monitoramento
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Yeast microbiota of raptors: A possible tool for environmental monitoring
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Summary

Twenty-two raptors from a rehabilitation centre were
evaluated for the presence of yeasts prior to returning
them to the wild, and the recovered Candida isolates
were tested for in vitro antifungal susceptibility and
phospholipase production. Samples were collected
from the crop/lower esophagus and cloaca. In vitro
antifungal susceptibility and phospholipase produc-
tion of 21 Candida strains were assessed through
broth microdilution and growth on egg yolk agar
respectively. Twenty-seven isolates, belonging to
seven species, were recovered from 16 tested birds,
with C. albicans and C. famata as the most prevalent
species. Three out of 21 isolates (2 C. albicans and 1
C. tropicalis) were simultaneously resistant to flu-
conazole and itraconazole. As for phospholipase pro-
duction, 8 (8/21) isolates (6 C. albicans, 1 C. famata
and 1 C. parapsilosis) showed enzymatic activity. The
most relevant finding in this study was the isolation of
resistant Candida spp. from wild raptors that had
never been submitted to antifungal therapy, which
suggests exposure to environmental contaminants.
Based on this, we propose the assessment of
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Candida spp. from the gastrointestinal tract of raptors
as a tool for environmental monitoring.

Introduction

Raptors belong to the avian orders Ciconiiformes and
Strigiformes, which include eagles, hawks, owls and vul-
tures (ITIS, 2011). They are commonly found in Brazilian
wild animal rehabilitation centres, mainly, due to trauma-
related health disorders and illegal trade (ICMBio, 2008).

According to Brazilian legislation, before releasing
birds into their natural environments, they should be
screened for some pathogens, including Candida spp.
and Cryptococcus spp. Such procedures are routinely
performed at the Triage Center for Wild Animals
(CETAS) of the Brazilian Institute of Environment and
Renewable Natural Resources (IBAMA), where injured
or seized wild animals are kept until they are rehabili-
tated and fit to be released. In this study, 22 raptors from
CETAS were evaluated for the presence of yeasts, prior
to returning them to the wild, and the recovered Candida
isolates were tested for in vitro antifungal susceptibility
and phospholipase production.

Results and discussion

Twenty-two raptors, belonging to seven different species,
were assessed: 8 roadside hawks (Rupornis magniros-
tris), 6 savanna hawks (Heterospizias meridionalis) 4
caracaras (Caracara plancus), 1 American black vulture
(Coragyps atratus), 1 yellow-headed caracara (Milvago
chimachima), 1 Harris’s hawk (Parabuteo unicinctus) and
1 barn owl (Tyto alba). The specimens M. chimachima,
P. unicinctus and T. alba had been captured for illegal
trade and were seized by IBAMA and taken to the triage
centre (CETAS), where they were kept for a long period of
time. The other specimens were taken from the wild to
CETAS for presenting trauma-related disorders, where
they spent a short period of time because they were
released as soon as they recovered. While in captivity,
they were maintained in collective enclosures and their
diet mainly consisted of beef supplemented with minerals
and vitamins. This study was approved (protocol number
02/09) by the Animal Research Ethics Committee of the
Federal University of Ceara.
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Table 1. Yeastisolated from the gastrointestinal tract of raptors and in vitro antifungal susceptibility and phospholipase production of the recovered

Candida spp.
i Positive Minimum inhibitory concentration (ug mt")
¢ /tested Phospholipase
Bird species birds Collection site Yeast species Amphotericin B Fluconazole Itraconazole  production
[8] Caracara plancus 3/4 Crop/lower esophagus T. asteroides (1)° - - - -
R. mucilaginosa (1) - - - -
Cloaca C. albicans (1) 0.5 4 0.5 0.36
C. famata (1) 0.25 1 0.03125 1
Coragyps. atratus n Cloaca C. albicans (1) 0.125 > 64° > 16° 0.53
Heterospizias 3/6 Crop/lower esophagus C. albicans (1) 0.5 0.25 0.03125 1
meridionalis C. famata (1) 0.25 1 0.0625 0.68
C. parapsilosis (1) 0.25 0.25 0.0625 0.97
R. mucilaginosa (1) - - - -
Cloaca C. parapsilosis (1)  0.125 4 0.03125 1
Milvago chimachima 11 Cloaca C. albicans (1) 0.25 1 0.03125 0.42
C. famata (1) - - - 1
Parabuteo unicinctus  1/1 Crop/lower esophagus C. famata (1) 0.25 1 0.0625 1
Rupornis magnirostris 6/8 Crop/lower esophagus C. albicans (3) 0.5-1 0.5—> 64° 0.125->16°  0.47-1
C. famata (3) 0.125-0.5 0.5-16 0.0625-0.125 1
C. tropicalis (2) 0.03125-0.5 1> 64° 0.125->16° 1
R. mucilaginosa (1) - - - -
Cloaca C. albicans (1) 0.5 0.5 0.03125 0.39
C. catenulata (1) - - - ]
C. parapsilosis (1) 0.5 0.5 0.03125 1
C. tropicalis(1) 0.25 1 0.125 1
T. alba n Cloaca C. famata (1) 1 8 0.03125 1

a. Number of recovered isolates.
b. Resistant isolates.

Prior to specimen collection, the birds were clinically
evaluated (Brilhante et al., 2010). Only healthy birds were
tested. Samples were collected from the crop/lower
esophagus and cloaca and processed on birdseed
(Guizotia abyssinica) agar supplemented with chloram-
phenicol (0.5 g I'") and biphenyl (0.1%), at the Specialized
Medical Mycology Center of Federal University of
Ceara, Brazil, as previously described (Brilhante et al.,
2010). Recovered colonies were identified through micro-
morphological and biochemical parameters. VITEK 2%
(bioMérieux, USA) was used to confirm dubious identifi-
cation (Brilhante et al., 2010).

Sixteen out of the 22 evaluated birds (72.73%; 6/8
R. magnirostris, 3/6 H. meridionalis, 3/4 C. plancus, 1/1
C. atratus, 1/1 M. chimachima, 1/1 P. unicinctus and 1/1
T. alba) were positive for the presence of yeasts (Table 1).
Yeasts were recovered from crop/lower esophagus,
cloaca or both anatomical sites of eight (50%), five
(31.25%) and three (18.75%) birds respectively.

A total of 27 isolates were obtained, with C. albicans
(n=8) and C. famata (n= 8) as the most prevalent ones,
followed by C. parapsilosis (n=3), C. tropicalis (n= 3),
Rhodotorula mucilaginosa (n=3), C. catenulata (n=1)
and Trichosporon asteroides (n=1) (Table 1). Four indi-
viduals simultaneously presented two yeast species in the
crop, which were C. parapsilosis and R. mucilaginosa
from one H. meridionalis and C. albicans and C. famata;
C. albicans and C. tropicalis or C. famata and R mucilagi-

nosa from three R. magnirostris. In addition, two yeast
species (C. albicans and C. famata) were simultaneously
isolated from the cloaca of two birds (1 C. plancus and 1
M. chimachima) and only one bird (R. magnirostris) pre-
sented two yeast species in both anatomical sites
(C. famata and C. tropicalis in the crop; C. catenulata and
C. tropicalis in the cloaca). This last animal was the only
one from which one species (C. tropicalis) was recovered
from both evaluated sites.

Even though it is reported that the composition of the
gastrointestinal yeast microbiota varies according to
species-specific aspects, such as diet (Cafarchia et al.,
2006a), in reality, it does not seem to vary greatly,
considering that the yeast species recovered in this
study were similar among the evaluated bird species
and to other reports concerning other avian groups,
such as psittacines (Vieira and Acqua-Coutinho, 2009;
Brilhante etal, 2010) and ostriches (Melville etal.,
2004). Unlike what was expected, based on previous
reports (Cafarchia et al., 2006b), Cryptococcus spp. iso-
lates were not recovered.

Twenty-one Candida isolates were submitted to antifun-
gal susceptibility test: 8 C. albicans (4 from the crop/lower
esophagus and 4 from the cloaca); 7 C. famata (5 from
the crop/lower esophagus and 2 from the cloaca); 3
C. parapsilosis (1 from the crop/lower esophagus and 2
from the cloaca) and 3 C. tropicalis (2 from the crop/lower
esophagus and 1 from the cloaca).
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The antifungal MICs for these microorganisms were
determined through broth microdilution method, as rec-
ommended by the Clinical and Laboratory Standards
Institute, document M27-A3. The microdilution plates
were read after 24 and 48 h of incubation at 35°C, but the
MIC values considered were those obtained after 48 h of
growth. MICs for fluconazole (Pfizer, Brazil) and itracona-
zole (Janssen Pharmaceutica, Belgium) were defined as
the lowest drug concentration capable of inhibiting 50% of
growth when compared with the growth control well, and
for amphotericin B (Sigma Chemical Corporation, USA), it
was defined as the lowest concentration at which no
growth was observed. MICs of > 1, = 1 and = 64 pug ml'
indicated resistance to amphotericin B, itraconazole and
fluconazole respectively (CLSI, 2008; Sidrim et al., 2010;
Brilhante et al., 2011). However, for C. albicans, C. parap-
silosis and C. tropicalis the considered breakpoint for flu-
conazole was = 8 ug mi~ (Pfaller et al., 2010). All strains
were tested in duplicate and the assay was repeated,
when resistance was detected, in order to confirm the
results.

All Candida isolates were screened for phospholipase
production, on egg yolk agar, as previously described
(Price et al., 1982). Phospholipase activity (Pz) was deter-
mined by calculating the ratio between the diameter of the
fungal colony and the total diameter, including the colony
and the precipitation zone. Pz = 1 indicated negativity for
phospholipase production; Pz<1 indicated positivity for
phospholipase activity and Pz<0.64 indicated strong
enzymatic activity (Price et al., 1982; Sidrim et al., 2010;
Brilhante et al., 2011).

MICs for amphotericin B ranged from 0.031 to 1 pig ml™*
(MIC50 = 0.25 ug mi-'; MIC90= 1 ug mt'). For flucona-
zole and itraconazole, MICs varied from 0.125 to
>64 ugml  (MIC50=1pugmi'; MIC90 = 64 ug ml)
and from 0.031 to > 16 ug mi' (MIC50 = 0.0625 pg ml";
MIC90 = 16 ug mi-') respectively (Table 1). Three iso-
lates (3/21) (two C. albicans and one C. tropicalis) exhib-
ited in vitro antifungal resistance and were resistant to
both azole derivatives.

Parallely, these resistant strains were tested against
promethazine, which is an inhibitor of efflux pumps
(Kolaczkowski et al., 2003), and an MIC of 98 ug ml" was
obtained for all tested isolates. After MIC determination,
each isolate was tested against fluconazole and itracona-
zole combined with promethazine at 20 ug mi~'. MICs for
fluconazole dropped from > 64 to 2 ug mi~* for both C. al-
bicans strains and from > 64 to 16 ug ml™" for the C. tropi-
calis isolate. As for itraconazole, MICs declined from > 16
to 0.0625 g mi™* for all three strains. These data suggest
that the antifungal resistance observed for these Candida
isolates was possibly associated with the overexpression
of efflux pumps, since pump inhibition resulted in the
decrease of azole MICs.
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As for phospholipase production, out of the 23 tested
Candida isolates, eight produced phospholipase (6 C. al-
bicans, 1 C. famata and 1 C. parapsilosis). Although the
sampled raptors were apparently healthy, all six positive
C. albicans isolates presented strong enzymatic activity,
with PZ values ranging from 0.36 to 0.55, similar to what
was observed by Sidrim and colleagues 2010, who also
isolated a high percentage of strongly positive phospho-
lipase producing C. albicans. These findings corroborate
those of Cafarchia and colleagues (2006b), who stated
that raptors are carriers of potentially pathogenic and
zoonotic yeast species, once elevated phospholipase pro-
duction may be associated with enhanced virulence
(Ibrahim et al., 1995; Ghannoum, 2000).

Another noteworthy finding of this study was the recov-
ery of three resistant Candida isolates from the crop of
two R. magnirostris (1 C. albicans and 1 C. tropicalis) and
the cloaca of one C. atratus (1 C. albicans). These three
birds were free-ranging individuals from the city of For-
taleza that had recently been taken into captivity to
recover from small traumas. Thus, it is known that they
had never been subjected to antifungal therapy. These
species are very common in urban centres, contributing to
their exposure to various chemical compounds, including
those from improper waste management. From 1978 to
1998, the municipal solid waste of the city of Fortaleza
was destined to an open-air garbage dump, located near
the Cocé River Basin. Currently, although officially deac-
tivated, the site still receives solid waste and still contrib-
utes to environmental pollution, especially because the
residues and the area do not receive proper treatment
(Santos and Rigotto, 2008).

In addition, the occurrence of cross-resistance to
medical and agricultural azoles in Candida spp. (Mdller
et al., 2007) may also have contributed to these findings,
once the two R. magnirostris individuals may have been
exposed to azoles used in agriculture through the inges-
tion of small herbivore preys. However, this possibility
seems less likely because Fortaleza is a big city where
agriculture is not a common practice. Besides, the Ameri-
can black vulture (C.atratus) is a scavenger species (Car-
valho et al., 2003), thus, prey ingestion would not play an
important role for the recovery of resistant yeasts.

Azole resistance has also been observed in environ-
mental isolates of Aspergillus spp. (Mortensen efal.,
2010) and these resistant strains are also capable of
infecting humans, resulting in azole-resistant cases of
aspergillosis (Snelders et al., 2009). Similarly, these find-
ings concerning azole resistance in Candida strains from
raptors also raise an important public health issue, con-
sidering that animals can represent a source of Candida
spp. infections for humans (Edelmann et al., 2005).

Historically, raptors have been used as sentinels for the
presence of environmental contaminants, such as pesti-
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cides and heavy metals (Marrow et al., 2009). Because of
their predatory behaviour, once microorganisms from the
gut of preys colonize the gastrointestinal tract of raptors,
the use of these birds as indicators of the presence of
resistant bacteria has also been encouraged, since their
microbiota reflects the environment they inhabit (Marrow
et al., 2009; Guenther et al., 2010).

Considering the high rate of yeast isolation from animal
sources, especially Candida spp. (Melville et al., 2004;
Vieira and Acqua-Coutinho, 2009; Brilhante et al., 2010;
2011), these microorganisms could also provide valuable
information on animals’ habitats. Based on this, Candida
spp. could be used as indicators of environmental pollu-
tion, through phenotypical assessment of their in vitro
susceptibility profile, since azole resistance is frequently
associated with the overexpression of efflux pumps (Feng
et al., 2010), which is possibly related to the exposure of
these microorganisms to chemical compounds (e.g. pol-
lutants), as an unspecific mechanism of cellular detoxifi-
cation (Jungwirth and Kuchler, 2006). Additionally, the use
of raptors for this purpose seems particularly interesting
because free-ranging individuals are commonly taken to
rehabilitation centres where they can easily and non-
invasively be assessed, contributing to environmental
monitoring.
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Summary

Systemic Candida infections are not commonly diagnosed among animals and
candidemia caused by resistant isolates has not been reported in veterinary medicine. This case
report describes the occurrence of candidemia in a wild Brazilian porcupine (Coendou
prehensilis) caused by a multi-resistant strain of C. albicans. Three Candida albicans isolates
were recovered from the lungs, lymph nodes and liver of a Brazilian porcupine, during necropsy.
Afterwards, the three isolates were submitted to antifungal susceptibility analysis against
amphotericin B, caspofungin, fluconazole, itraconazole, ketoconazole and voriconazole, which
presented MICs of 1, 0.03125, 250, 125, 8 and 250 pg/mL, respectively. The three C. albicans
isolates were also submitted to RAPD-PCR and M13-fingerprinting analyses, showing a genetic
similarity among them, suggesting the occurrence of candidemia. This is the first report of

systemic infection caused by a multi-drug resistant C. albicans in an animal.

Keywords: Coendou prehensilis, Brazilian porcupine, Candida albicans, antifungal resistance
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Introduction

Yeasts, especially those of the genus Candida, are usual components of the
gastrointestinal microbiota of animals, acting as commensal organisms (Wrobel et al., 2008;
Nawange et al., 2009; Simpson et al., 2009; Brilhante et al., 2010, Brilhante et al., 2011).
However, these organisms can also cause disease in humans and other animals, exhibiting a
variety of clinical manifestations (Nawange et al., 2009), including the occurrence of systemic
infections, which are not commonly described in mammals other than humans (Wrobel et al.,
2008).

The occurrence of antifungal resistance was initially observed in C. albicans from AIDS
patients with oropharyngeal candidiasis that did not respond to treatment with fluconazole
(Kanafani & Perfect, 2008). Since then, surveillance programs of the antifungal susceptibility of
Candida spp. isolated from human infections have been frequently performed in many countries
(Pfaller & Diekema, 2007). However, surveillance of yeasts isolated from animals is not
frequently performed and the prevalence of resistant Candida remains unknown. Additionally,
even though resistant Candida spp. have been recovered from healthy animals (Brito et al., 2007,
Brito et al., 2009, Sidrim et al., 2010, Brilhante et al., 2011), to our knowledge, systemic
Candida infections caused by resistant isolates has not been reported. This case report describes
the occurrence of candidemia in a wild Brazilian porcupine caused by a multi-resistant strain of

C. albicans.

Case Report
An adult male Brazilian porcupine (Coendou prehensilis) was taken to the Triage Center

for Wild Animals (CETAS) of the Brazilian Institute of Environment and Renewable Natural
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Resources (IBAMA), in Fortaleza, Ceard, Brazil, for presenting fractures in both femurs, after a
car hit. The animal was submitted to an osteosynthetic procedure of the left femur, followed by
therapy with antibiotics (enrofloxacin 5 mg/Kg, every 24 hours, for seven days) and anti-
inflammatory (ketoprofen 1 mg/Kg, every 24 hour, for three days). During recovery, the animal
was kept in CETAS for two months, when it suddenly died from a generalized mixed infection
with Candida albicans, isolated from lungs, lymph nodes and liver, and some bacterial strains
(Enterobacteria and Streptococcus hyointestinalis) that were isolated from multiple abscesses
within the thoracic and abdominal cavities.

During necropsy, samples of the organs (lung, liver, spleen, kidney and lymph nodes) that
presented micro-abscesses and the content of a retroperitoneal abscess were aseptically collected
with a scalpel blade and a syringe, respectively. It is important to state that the necroscopic
examination was performed right after the animal’s death and that during the procedure, no
lesions were observed within the bowels, including ruptures or perforations.

The clinical specimens were kept in tubes containing sterile saline, until processing, when
they were cultured on 2% Sabouraud dextrose agar supplemented with chloramphenicol (0.5 g/L)
and 2% Sabouraud dextrose agar supplemented with chloramphenicol and cycloheximide (0.4
g/L), for fungal recovery, and on Blood agar and McConkey agar for bacterial recovery.

Yeast colonies were recovered from lung, lymph nodes and liver samples, which were
identified as C. albicans through growth on chromogenic medium (HiCrome Candida
Differential Agar, HiMedia, Mumbai, India), micromorphological analysis, on Cornmeal-Tween
80 agar, and biochemical features, such as urease production and sugar assimilation (Brilhante et
al., 2010). Bacterial isolates were recovered from micro-abscesses and retroperitoneal abscess,

which were identified through VITEK 2® (bioMérieux, USA).
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The three recovered C. albicans isolates were submitted to antifungal susceptibility
analysis, according to the document M27-A3 of the Clinical Laboratory Standards Institute
(CLSI, 2008). Minimum inhibitory concentrations (MICs) for amphotericin B (Sigma Chemical
Corporation, USA) was the lowest concentration at which no growth was observed and for
caspofungin (Merck Sharp & Dohme, Brazil), ketoconazole (Sigma Chemical Corporation,
USA), fluconazole (Pfizer, Brazil), itraconazole (Janssen Pharmaceutica, Belgium) and
voriconazole (Pfizer Pharmaceuticals, USA) the MIC was defined as the lowest drug
concentration inhibiting 50% of growth, when compared to the growth control well (CLSI, 2008).
Microdilution plates were read after 24-48 hours of incubation at 35 °C. MICs of >1, >2, >4, >8,
>1 and >1 pg/mL indicated resistance to amphotericin B, caspofungin (CLSI, 2008),
ketoconazole (Brito et al. 2009), fluconazole (Pfaller et al., 2010), itraconazole and voriconazole
(CLSI, 2008), respectively. The three C. albicans isolates were resistant to the four tested azole
derivatives (ketoconazole MIC=8 pg/mL, fluconazole MIC=250 ug/mL, itraconazole MIC=125
pug/mL, voriconazole MIC=250 pg/mL), but not to amphotericin B (MIC=1 pg/mL) and
caspofungin (MIC=0.03125 ug/mL) (Table 1).

The confirmation of the genetic similarity among the three isolates was performed
through RAPD-PCR, with primer OPQ16 (5’- AGTGCAGCCA -3’) (Leelayuwat et al. 2000), and
through M13-PCR fingerprinting, with the specific sequence of the wild-type phage (5°-
GAGGGTGGCGGTTCT -3’) as described by Muniz et al. (2010). The molecular analysis
through RAPD-PCR and M13-fingerprinting revealed similar band patterns among the three C.
albicans isolates (Figure 1), indicating a genetic similarity among them.

Discussion
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Candida infections are not frequently seen in domestic and wild mammals, when
compared to humans (Wrobel et al., 2008) and birds (Velasco, 2000), with few case reports of
naturally occurring systemic candidiasis (Brown et al., 2005; Keck et al., 2009; Nawange et al.,
2009; Simpson et al., 2009). The three C. albicans isolates evaluated in the present study were
recovered from internal organs that, normally, are not colonized by Candida species, including
lymph nodes, demonstrating the occurrence of a systemic Candida infection. Additionally,
molecular analysis with primers OPQ16 and M13 resulted in identical band patterns for the three
evaluated isolates (Figure 1). Thus, considering the phenotypical and molecular similarities
among these isolates, it can be stated that they are clones of the same strain, evidencing the
occurrence of candidemia. According to Harriott & Noverr (2011), 27-56% of these type of
infection are polymicrobial, as observed in this case, since the animal was also infected with
bacterial strains (Enterobacteria and Streptococcus hyointestinalis) that were isolated from
internal abscesses.

Overall, there are two primary mechanisms for the development of azole resistance. The
first and most common mechanism of azole resistance in Candida spp. is associated with the
overexpression of efflux pumps, encoded by the genes CDR1 and CDR2, which keeps the drug
from accumulating within the cell, resulting in a decreased concentration at the site of action
(Kanafani and Perfect, 2008; Feng et al., 2010). The second mechanism involves the alteration in
the enzyme lanosterol 14a-demethylase, target molecule of the azole derivatives, encoded by the
gene ERG11. The occurrence of overexpression or genetic mutations of this gene results in the
decreased susceptibility or resistance to this class of antifungals (Kanafani & Perfect, 2008;

Manastir et al., 2009).
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Considering that efflux mediated mechanisms are most commonly involved in the azole
resistance of Candida isolates and that the isolates were recovered from a free-ranging wild
mammal that had never been submitted to antifungal therapy, two hypotheses for the source of
antifungal resistance can be considered. The first and most evident one is the exposure to azole
antifungals used in agricultural practices, either in the wild or in captivity, since Brazilian
porcupines are herbivorous animals (Roberts et al., 1985) and the occurrence of cross-resistance
to medical and agricultural azoles in Candida spp. has been reported (Mdller et al., 2007). The
second hypothesis concerns the exposure to environmental contaminants and/or other chemical
compounds, once efflux pumps are unspecific mechanisms of cellular detoxification (Jungwirth &
Kuchler, 2006) that can be modulated by several substances, including heavy metals (Bruins et
al., 2000), antibacterial (Vogel et al., 2008) and cytotoxic drugs (Kofla et al., 2011).

This represents the first case of naturally occurring Candida systemic infection in an
animal caused by a multi-drug resistant strain. These findings highlight the importance of
monitoring antifungal susceptibility of Candida spp. from veterinary sources, especially because
the affected individual was a free-ranging wild animal with no previous history of exposure to
antifungals, indicating the occurrence of primary azole resistance among Candida spp. from

veterinary sources, including wild animals.

Acknowledgements

This work was supported by grants from the National Council for Scientific and
Technological Development (CNPq, Brazil; PROTAX 562296/2010-7) and the Brazilian Federal
Agency for the Support and Evaluation of Graduate Education (CAPES, Brazil; PNPD

2103/2009). We would also like to thank Carla Maria Lima Sombra and Alberto Klefasz from

29



the Triage Center for Wild Animals (CETAS) of the Brazilian Institute of Environment and
Renewable Natural Resources (IBAMA), Reinaldo Leite Viana Neto, veterinarian of Clinica
Veterinaria Zoovet, and Prof. Vaulice Sales Café, for the clinical and laboratory support given

for this research.

References

1. Brilhante, R. S. N., Maia, D. C. B. S. C,, Soares, G. D. P., Monteiro, A. J., Astete-
Medrano, D. J., Cordeiro, R. A., Sidrim, J. J. C., Rocha, M. F. G. (2010).
Characterization of the gastrointestinal yeast microbiota of cockatiels (Nymphicus
hollandicus): a potential hazard to human health. J. Med. Microbiol. 59, 718-723.

2. Brilhante, R. S. N., Paiva, M. A. N., Sampaio, C. M. S,, Teixeira, C. E. C,,
Castelo-Branco, D. S. C. M., Leite, J. J. G., Moreira, C. A, Silva, L. P,
Cordeiro, R. A., Monteiro, A. J., Sidrim, J. J. C., Rocha, M. F. G. (2011). Yeasts
from Macrobrachium amazonicum: a focus on antifungal susceptibility and virulence
factors of Candida spp. FEMS Microbiol. Ecol. 76, 268 - 277.

3. Brito, E. H. S., Fontenelle, R. O. S., Brilhante, R. S. N., Cordeiro, R. A,
Monteiro, A. J.; Sidrim, J. J. C., Rocha, M. F. G. (2009). The anatomical
distribution and antimicrobial susceptibility of yeast species isolated from healthy
dogs. Vet. J. 182, 320-326.

4. Brito, E. H. S., Fontenelle, R. O. S., Brilhante, R. S. N., Cordeiro, R. A., Soares-
Junior F. A, Monteiro, A. J., Sidrim, J. J. C., Rocha, M. F. G. (2007). Phenotypic
characterization and in vitro antifungal sensitivity of Candida spp. and Malassezia

pachydermatis strains from dogs. Vet. J. 174, 147-153.

30



10.

11.

12.

13.

14.

Brown, R. M., Thompson, C. A., Mohamed, F. M. (2005). Systemic candidiasis in
an apparently immunocompetent dog. J. Vet. Diagn. Invest. 17, 272-276.
Bruins, M. R., Kapil, S., Oehme, F. W. (2000). Microbial resistance to metals in the

environment. Ecotox. Environ. Safe. 45, 198-207.

CLSI (2008). Clinical and Laboratory Standards Institute. Reference method for
broth dilution antifungal susceptibility testing of yeasts. Aproved standart M27-A3.
Feng, L., Wan, Z.,, Wang, X., Li, R., Liu, W. (2010). Relationship between
antifungal resistance of fluconazole resistant Candida albicans and mutations in
ERG11 gene. Chin. Med. J. 123, 544-548.

Harriott, M. M., Noverr, M. C. (2011). Importance of Candida—bacterial
polymicrobial biofilms in disease. Trends Microbiol. 19, 557-563.

Jungwirth, H., Kuchler, K. (2006). Yeast ABC transporters — A tale of sex, stress,
drugs and aging. FEBS Lett. 580, 1131-1138

Kanafani, Z. A., Perfect, J. R. (2008). Resistance to antifungal agents: mechanisms
and clinical impact. Clin. Infect. Dis. 46, 120-128.

Keck, N., Libert, C., Rispail, P., Albaric, O. (2009). Systemic candidosis in a
guanaco (Lama guanicoe). Vet. Rec. 164, 245-246.

Kofla, G., Turner, V., Schulz, B., Storch, U., Froelich, D., Rognon, B., Coste, A.
T., Sanglard, D., Ruhnke, M. (2011). Doxorubicin induces drug efflux pumps in
Candida albicans. Med. Mycol. 49, 132-142.

Leelayuwat, C.; Romphruk, A.; Lulitanond, A.; Trakulsomboon, S.;

Thamlikitkul, V. (2000) Genotype analysis of Burkholderia pseudomallei using

31



15.

16.

17.

18.

19.

randomly amplified polymorphic DNA (RAPD): indicative of genetic differences

amongst environmental and clinical isolates. Acta Tropica 77, 229-237.

Manastir, L.; Ergon, M. C.; Yicesoy, M. (2009). Investigation of mutations in
ERG11 gene of fluconazole resistant Candida albicans isolates from Turkish

hospitals. Mycoses, 54, 99-104.

Maller, F. M. C., Staudigel, A., Salvenmoser, S., Tredup, A., Miltenberger, R.,
Herrmann, J. V. (2007). Cross-Resistance to Medical and Agricultural Azole Drugs
in Yeasts from the Oropharynx of Human Immunodeficiency Virus Patients and from
Environmental Bavarian Vine Grapes. Antimicrob. Agents and Chemother. 51, 3014-
3016.

Muniz, M. M., Morais e Silva Tavares, P., Meyer, W., Nosanchuk, J. D.,
Zancopé-Oliveira, R. M. (2010). Comparison of different DNA-based methods for
molecular typing of Histoplasma capsulatum. Appl. Environ. Microbiol. 76, 4438-
4447,

Nawange, S. R., Singh, K., Naidu, J., Singh, S. M. (2009). Naturally acquired
systemic dual infection caused by Candida famata (Debaryomyces hansenii) and
Candida catenulata in albino rats bred for sale in the market at Jabalpur (Madhya
Pradesh), India. Mycoses 53, 173-175.

Pfaller, M. A., Andes, D., Diekema, D. J., Espinel-Ingroff, A., Sheehan, D. (2010).
Wild-type MIC distributions, epidemiological cutoff values and species-specific
clinical breakpoints for fluconazole and Candida: Time for harmonization of CLSI

and EUCAST broth microdilution methods. Drug Resist Update 13, 180-195.

32



20.

21.

22,

23.

24,

25.

26.

Pfaller, M. A., Diekema, D. J (2007). Epidemiology of invasive candidiasis, a

persistent public health problem. Clin. Microbiol. Reviews 20, 133-163.

Roberts, M.; Brand, S.; Maliniak, E, 1985. The biology of captive prehensile-tailed
porcupines, Coendou prehensilis. J. Mamm. 66, 476-482.

Sidrim, J. J. C,, Castelo-Branco, D. S. C. M., Brilhante, R. S. N., Soares, G. D. P.,
Cordeiro, R. A., Monteiro A. J., Rocha, M. F. G. (2010). Candida species isolated
from the gastrointestinal tract of cockatiels (Nymphicus hollandicus): In vitro
antifungal susceptibility profile and phospholipase activity. Vet. Microbiol. 145, 324-
328.

Simpson, V. R., Davison, N. J., Borman, A. M., Linton, C. J., Everest, D. (2009).
Fatal candidiasis in a wild red squirrel (Sciurus vulgaris). Vet. Rec. 164, 342-344.
Velasco, M. C. (2000). Candidiasis and cryptococcosis in birds. Semin. Avian Exot.
Pet Med. 9, 75-81.

Vogel, M., Hartmann, T., Koberle, M., Treiber, M., Autenrieth, I. B,
Schumacher, U. K. (2008). Rifampicin induces MDR1 expression in Candida
albicans. J. Antimicrob. Chemother. 61, 541-547

Wrobel, L., Whittington, J. K., Pujol, C., Oh, S. H., Ruiz, M. O., Pfaller, M. A,,
Diekema, D. J., Soll, D. R., Hoyer, L. L. (2008). Molecular Phylogenetic Analysis
of a Geographically and Temporally Matched Set of Candida albicans Isolates from

Humans and Nonmigratory Wildlife in Central Illinois. Eukaryotic Cell 7, 1475-1486.

33



Table I: Minimum inhibitory concentrations of antifungals against three isolates of Candida

albicans from a Brazilian Porcupine

C. albicans Minimum Inhibitory Concentrations (ug/mL)
isolate AMB CAS KTC FLC ITC VRC
Lung 1 0.03125 8 250 125 250
Lymph Nodes 1 0.03125 8 250 125 250
Liver 1 0.03125 8 250 125 250

AMB: amphotericin B, CAS: caspofungin, KTC: ketoconazole, FLC: fluconazole, ITC: itraconazole, VRC:
voriconazole
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Figure 1: RAPD-PCR and M13-fingerprinting of the three Candida albicans isolates from a
Brazilian Porcupine revealing similar band patterns among them. M: 100 bp molecular marker;
P1, P2, OPQ16 and M13: primers used; 1: C. albicans recovered from lungs; 2: C. albicans

recovered from lymph nodes; 3: C. albicans recovered from liver.

OPQl6 Mi13
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Abstract

This study aimed at monitoring the in vitro antifungal susceptibility of Candida spp.
isolated from wild-born Brazilian psittacines and at investigating the role of efflux pumps in the
occurrence of azole resistance. Initially, clinical specimens from oral cavity, crop and cloaca
were collected from 59 wild-born Brazilian psittacines, and the material was processed for the
isolation of Candida spp, which resulted in the recovery of 101 isolates. These isolates (8 C.
albicans; 10 C. famata; 4 C. guilliermondii; 8 C. krusei; 26 C. parapsilosis; 45 C. tropicalis)
were submitted to antifungal susceptibility analysis against amphotericin B, fluconazole and
itraconazole, obtaining MICs that ranged from 0.0625 to 2 pg/mL, from 0.25 to 250 pg/mL and
from 0.03125 to 125 pg/mL, respectively. Out of these 101 isolates, 27 were resistant to azole
derivatives. Afterwards, all these azole resistant isolates, plus 20 C. albicans and 3 C. tropicalis
that were recovered from our collection of resistant yeasts from veterinary sources, were
submitted to the efflux pump inhibition assay with promethazine, with a total of 50 azole
resistant isolates. Statistically significant MIC reductions were observed for both fluconazole
and itraconazole, with MICs ranging from 0.25 to 32 pg/mL and from 0.03125 to 0.25 pg/mL,
respectively. Promethazine caused a greater reduction in the MICs for itraconazole when
compared to fluconazole. These findings show that the increased activity of ABC efflux pumps
partly represents the mechanism for azole resistance in Candida isolates from animals.

Keywords: Candida spp., azole resistance, promethazine, efflux-pump mediated resistance.
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1. Introduction

Candida species are usual components of the gastrointestinal microbiota of animals,
acting as commensal organisms [1-3]. Azole resistance in isolates from human beings has been
reported since the beginning of the AIDS era [4] and different researches have been developed to
elucidate the resistance mechanisms manifested by Candida spp. isolated from human clinical
cases [5-7]. On the other hand, surveillance of the antifungal susceptibility of Candida spp.
isolated from animals is not frequently performed and the prevalence of resistant Candida and
their main resistance mechanisms remain unknown.

The most common mechanism of azole resistance in Candida spp. is associated with the
overexpression of ATP-binding cassette (ABC) efflux pumps, mainly Cdrl and Cdr2, which
keeps the drug from accumulating within the cell, resulting in a decreased drug concentration at
the site of action [4]. Efflux pump inhibitors have been used to study the role of these pumps in
the development of drug resistance [8,9] and phenothiazines have shown to be potent modulators
of yeast multidrug resistance, through the inhibition of Cdrl and Cdr2 [10].

Thus, this study aimed at monitoring the in vitro antifungal susceptibility of Candida spp.
isolated from animals and at investigating the role of efflux pumps in the occurrence of azole

resistance.

2. Materials and Methods
2.1 Evaluated Candida isolates

One-hundred twenty-four Candida isolates were submitted to antifungal susceptibility
analysis, out of which 101 were isolated from wild-born captive psittacines and 23 were

recovered from the culture collection of the Specialized Medical Mycology Center (CEMM) of
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the Federal University of Ceara. These 23 isolates were obtained from dogs (2 C. albicans; 2 C.
tropicalis) [11]; cockatiels (16 C. albicans) [12] and Macrobrachium amazonicum prawns (2 C.

albicans; 1 C. tropicalis) [3].

2.2 Animals

Fifty-nine apparently healthy captive psittacines, out of which 22 were cactus parakeets
(Aratinga cactorum), 26 blue-fronted Amazon parrots (Amazona aestiva), 6 orange-winged
Amazon parrots (A. amazonica) and 5 blue-and-gold macaws (Ara ararauna), were submitted to
clinical evaluation and sample collection. These birds were maintained at the Triage Center for
Wild Animals (CETAS) of the Brazilian Institute of Environment and Renewable Natural
Resources (IBAMA). They were all wild-born individuals that had been captured for illegal trade
and were seized by IBAMA and taken to the triage center (CETAS), where they were kept for a
long period of time, until they were destined to zoos or fit to be released into the wild. While at
CETAS, they were maintained in collective enclosures and their diet mainly consisted of fruits
and seeds. This study was approved by the System of Authorization and Information in
Biodiversity (SISBIO) of the Chico Mendes Institute for the Conservation of Biodiversity
(ICMBIo, authorization number 23591-1) and by the Ethics Committee of Animal Research of

the Federal University of Ceara (protocol number 02/09).

2.3 Sample collection and Microbiological Processing
Samples were collected from oral cavity and cloaca with sterile cotton swabs and from
crop, through a ravage with sterile saline [2]. All samples were processed at the Specialized

Medical Mycology Center of the Federal University of Ceard, Brazil, where they were cultured
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on birdseed (Guizotia abyssinica) agar, supplemented with chloramphenicol (0.5 g/L) and
biphenyl (0.1%) [2].The cultured media were incubated at 25 °C, for 10 days, and were daily
observed. Recovered colonies were identified based on growth on chromogenic medium
(HiCrome Candida Differential Agar, HiMedia, Mumbai, India), microscopic morphology on
Cornmeal-Tween 80 agar and biochemical parameters (urea hydrolysis and sugar assimilation)

[2,9].

2.4 Antifungal Susceptibility Testing

One-hundred one Candida isolates recovered from psittacines, as described above, were
monitored for the occurrence of antifungal resistance. In addition, 23 azole resistant Candida
isolates from the culture collection of CEMM were re-tested in order to confirm the minimum
inhibitory concentrations that were previously obtained for fluconazole and itraconazole. The
101 recovered Candida isolates (8 C. albicans; 10 C. famata; 4 C. guilliermondii; 8 C. krusei; 26
C. parapsilosis; 45 C. tropicalis) were submitted to antifungal susceptibility analysis. Minimum
inhibitory concentrations (MICs) for amphotericin B (Sigma Chemical Corporation, USA),
fluconazole (Pfizer, Brazil) and itraconazole (Janssen Pharmaceutica, Belgium) were determined
through a broth microdilution method, according to the document M27-A3 of the Clinical
Laboratory Standards Institute [13]. The concentration range tested for amphotericin B was from
0.03125 to 16 pg/mL, while for fluconazole it ranged from 0.125 to 1000 pg/mL and for
itraconazole from 0.03125 to 250 pg/mL.

Susceptibility testing was performed on 96-well microdilution trays, by using RPMI 1640
medium, with L-glutamine (HiMedia, Mumbai, India), buffered to pH 7 with 0.165M

morpholinepropanesulfonic acid (MOPS). The final concentration of the fungal inocula ranged
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from 0.5 to 2.5 x 10° cells/mL [13]. The plates were incubated at 35 °C, for 48 hours. For each
isolate, drug-free and yeast-free controls were included and all isolates were tested in duplicate.
For amphotericin B, the MIC was the lowest concentration at which no growth was observed and
for azole derivatives, the MIC was defined as the lowest drug concentration inhibiting 50% of
growth, when compared to the growth control well [13].

As quality control for each test performed, C. parapsilosis ATCC 22019 and C. kruseli
ATCC 6258 were included. MICs of >1, >64 and >1 pg/mL were considered resistant to
amphotericin B, fluconazole and itraconazole [13], respectively. However, for C. albicans, C.
parapsilosis and C. tropicalis the considered breakpoint for fluconazole was >8 pg/mL [14]. All
strains were tested in duplicate and the assay was repeated, when resistance was detected, in

order to confirm the results.

2.5 Analysis of Efflux Pump Activity

In order to evaluate the role of efflux pump activity in azole resistant Candida isolates
from animals, the phenotypical assay of pump modulation was performed according to
Kolaczkowski et al. [10], with some modifications. Fifty strains were submitted to this assay: 23
(20 C. albicans and 3 C. tropicalis) from the culture collection of CEMM and 27 from the
psittacine birds (4 C. albicans; 2 C. parapsilosis and 21 C. tropicalis). Briefly, the 50 resistant
strains were initially tested against promethazine, which is an inhibitor of efflux pumps [10], and
MICs ranging from 49 to 98 pug/mL were obtained for all tested isolates. Afterwards, a sub-
inhibitory concentration of promethazine (12 pg/mL) was incorporated to the final inoculum of

each tested isolate and the antifungal susceptibility analysis was performed, as previously
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described, through broth microdilution, against fluconazole and itraconazole at concentrations

ranging from 0.125 to 64 pg/mL and from 0.03125 to 16, respectively.

2.6 Statistical Analysis

Student’s t-test for paired samples was performed to evaluate MIC reductions for
fluconazole and itraconazole. A significance level of 5% was adopted for significant conclusions
(P<0.05). In addition, a linear regression model was built, considering the MIC for the antifungal
alone as the independent variable and the antifungal MIC, after combination with promethazine,

as the dependent variable.

3 Results

One-hundred one Candida isolates were recovered from 22 cactus parakeets, 26 blue-
fronted Amazon parrots, 6 orange-winged Amazon parrots and 5 blue-and-gold macaws that
were kept in captivity after being seized by IBAMA. The oral cavity was the anatomical site with
the highest number of isolates (54/101, 53.5%), followed by the crop (26/101, 25.7%) and the
cloaca (21/101, 20.8%). Considering the isolated species, C. tropicalis was the most prevalent
one, with 45 isolates (44.6%), followed by C. parapsilosis (26/101, 25.7%), C. famata (10/101,
9.9%), C. albicans and C. krusei (8/101, 7.9%) and C. guilliermondii (4/101, 4%) (Table 1).
Twelve individuals presented more than one Candida species in the oral cavity, with the
simultaneous isolation of C. parapsilosis and C. tropicalis from two cactus parakeets and three
blue-fronted parrots, C. famata and C. parapsilosis, C. famata and C. tropicalis, C.
guilliermondii and C. krusei, and C. krusei and C. tropicalis from one, three, one and one blue-

fronted parrot, respectively, and C. krusei, C. parapsilosis and C. tropicalis from one blue-
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fronted parrot. Considering the crop, C. krusei and C. parapsilosis were simultaneously isolated
from a blue-fronted parrot and C. krusei and C. tropicalis were isolated from two macaws.
Finally, C. parapsilosis and C. tropicalis were simultaneously isolated from the cloaca of one
parakeet, one macaw and one blue-fronted parrot.

All recovered isolates were submitted to the antifungal susceptibility assay. The MICs
obtained for amphotericin B ranged from 0.0625 to 2 ng/mL, demonstrating no resistant isolates,
and for fluconazole and itraconazole the values ranged from 0.25 to 250 pg/mL and from
0.03125 to 125 pg/mL, respectively. A total of 27 (26.7%) isolates were resistant to azoles, out
of which 4 were C. albicans (2 from the oral cavity and 1 from the crop of macaws and 1 from
the oral cavity of a blue-fronted parrot), 2 C. parapsilosis (1 from the oral cavity of a cactus
parakeet and 1 from the cloaca of a blue-fronted parrot) and 21 C. tropicalis (4 from the oral
cavity, 3 from the crop and 6 from the cloaca of cactus parakeets, 2 from the oral cavity of blue-
fronted parrots, 2 from oral cavity and 1 from the crop of orange-winged parrots and 2 from the
crop and 1 from the cloaca of macaws) (Table 1). Out of these 27 isolates, 19 were resistant to
both azoles, seven were resistant to fluconazole only and one was resistant to itraconazole. As
for the 23 strains recovered from the culture collection of CEMM, the MIC for fluconazole
ranged from 1 to 250 pg/mL and for itraconazole from 0.03125 to 64 pg/mL, confirming the
occurrence of azole resistance. Thus, a total of 50 isolates (24 C. albicans, 2 C. parapsilosis and
24 C. tropicalis) were azole resistant, out of which 35 were resistant to both azoles, 10 were
resistant to fluconazole and five were resistant to itraconazole.

Overall, the addition of promethazine significantly reduced the MICs for fluconazole
(P<0.05) and itraconazole (P<0.05), which presented MIC ranges of 0.25 to 32 pg/mL and

0.03125 to 0.25 pg/mL, respectively. The linear regression analysis showed that the MIC

44



reduction occurs, in an independent manner, towards values close to the mean. Thus, strains with
higher initial MICs suffer a more accentuated reduction, than those with lower initial MIC values.
This pattern was stronger for fluconazole, when compared to itraconazole (Table 2).
Promethazine caused a greater reduction in the MICs for itraconazole when compared to
fluconazole (P<0.05). Out of the 45 isolates that were resistant to fluconazole, five (11.1%) did
not suffer any MIC alteration and 40 (88.9%) were sensitized to this antifungal, after the addition
of promethazine, but only 21 (46.7%) suffered reversion of the resistance phenotype. On the
other hand, all 40 (100%) itraconazole resistant isolates were sensitized to this drug, when

promethazine was added, and the reversal of the resistance phenotype was observed for all them.

4 Discussion

Candida species are commensal microorganisms of the gastrointestinal tract of animals
[1-3,11], presenting a particularly high isolation rate from birds [1,2,15]. In this study, 101
isolates belonging to six species were recovered from four psittacine species. These findings
show that the composition of the yeast gastrointestinal microbiota does not seem to vary greatly
among different bird species, once the isolated Candida spp. in this study were similar to those
from other studies with different avian groups [15].

Considering the antifungal susceptibility analysis, even though the adopted interpretive
breakpoint for amphotericin B in this study was >1 pg/mL, none of the tested Candida isolates
were considered to be resistant to amphotericin B, once the MIC values for this drug were 2
pug/mL only against the isolated C. krusei, which is known for presenting decreased susceptibility
to this antifungal [4]. Similarly, fluconazole MICs were higher against all C. krusei, also as

expected for this Candida species [4]. Therefore, 27 (26.7%) isolates were considered to be
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resistant to the tested azole drugs. This resistance rate was similar to those reported for Candida
isolates from healthy animal sources, as dogs (22.7%) [11], cockatiels (25.4%) [12] and prawns
(33.3%) (Brilhante et al., 2011), but higher than those reported for humans (6.2%) [16].

The most common mechanism of azole resistance in Candida spp. is associated with the
increased activity of the ABC (Cdrl and Cdr2) and MFS (Mdrl) efflux pumps, which keeps the
drug from accumulating within the cell, resulting in a decreased concentration at the site of
action [4]. Special attention must be given to Cdrl and Cdr2 because they are more frequently
involved, promoting cross-resistance among azoles, while Mdrl only mediates fluconazole
resistance [6,17]. Therefore, during this research, investigating the expression of these pumps
was prioritized in order to evaluate the predominant azole resistance mechanism among Candida
from animals.

Efflux pump inhibitors have been successfully used to evaluate the role of efflux pumps
in the development of drug resistance [8,9]. Phenothiazines inhibit the transport of calcium, by
preventing its binding to calcium-binding proteins, inhibiting calcium-dependent enzyme
systems, such as those involved in the hydrolysis of ATP [18]. Considering that ATP-binding
cassette (ABC) efflux pumps actively translocate compounds, including drugs, across cell
membranes, using the hydrolysis of ATP as source of energy [17], phenothiazines, including
promethazine, inhibit the activity of these efflux pumps [10].

Fifty isolates were submitted to the analysis efflux pump activity, through the
phenotypical assay of pump modulation. Out of these 50 isolates, 27 were recovered from wild-
born psittacines and 23 were recovered from the culture collection of CEMM. Overall, the
addition of promethazine significantly reduced the MICs for both azole drugs. Fluconazole MICs

suffered 2-t0-250-fold reductions, while those for itraconazole reduced 16 to 4000 times. It was

46



observed that for both drugs the MICs decreased to a common level, independently of the initial
values, thus, strains with higher initial MICs suffered more accentuated reductions. This
observation suggest that promethazine itself, at the concentrations used, does not inhibit fungal
growth, however, it acts re-establishing the susceptibility to azole drugs, once the reduced MICs
tend to fall within the normal range for each drug.

The reversion of the resistance phenotype, after the addition of promethazine, indicates
that resistance is mediated by ABC pump activity. In this research, it was observed that
resistance to itraconazole among Candida isolates from animals was exclusively associated with
the increased activity of these pumps, independently of the animal source (wild psittacines, dogs,
cockatiels and prawns), as the addition of promethazine reversed resistance in all tested isolates.
For fluconazole, on the other hand, considering that the addition of promethazine did not
sensitize all tested isolates and only reversed 46.7% of the fluconazole resistant isolates, it seems
that resistance to this azole drug, among Candida spp. from animals, presents a multifactorial
nature, involving mechanisms other than the increased activity of ABC efflux pumps, such as the
increased activity of the major facilitator (MFS) efflux pumps, through the overexpression of
MDR1, or up-regulation or point mutations of the gene ERG11 [19].

Interestingly, out of the 24 fluconazole resistant isolates that did not become susceptible
after the addition of promethazine, 20 were C. tropicalis from parakeets (n=11), blue-fronted
parrots (n=2), orange-winged parrots (n=3), macaws (n=3) and wild-harvested M. amazonicum
prawns (n=1) and four were C. albicans from cockatiels (n=3) and wild-harvested M.
amazonicum prawns (n=1). Additionally, out of the 24 fluconazole resistant C. tropicalis, only
four from parakeets (n=2) and dogs (n=2) became susceptible to this azole drug. Based on these

findings, it seems like fluconazole resistance in C. tropicalis is not primarily mediated by ABC
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efflux pumps, corroborating the findings of Vandeputte et al. [7], who demonstrated that the
multi-drug azole resistance of a clinical isolate of C. tropicalis was a possible consequence of a
point mutation in the ERG11 gene.

Considering the animal species, Cdrl/Cdr2 mediated itraconazole resistance was
observed in Candida isolates from all evaluated animals, while for fluconazole resistance, this
mechanism was primarily involved in isolates from parakeets (1 C. parapsilosis, 2 C. tropicalis),
parrots (1 C. albicans, 1 C. parapsilosis), macaws (2 C. albicans), dogs (2 C. albicans, 2 C.
tropicalis), cockatiels (9 C. albicans) and M. amazonicum prawns (1 C. albicans).

As for the source of azole resistance, some hypothesis can be considered. For those
isolates recovered from birds (wild psittacines and cockatiels), considering that none of them had
been submitted to antifungal therapy, we strongly believe that the occurrence of azole resistance
is associated with the exposure to azole antifungals commonly used in agricultural practices,
once the evaluated bird species mainly feed on seeds and fruits and the occurrence of cross-
resistance to medical and agricultural azoles in Candida spp. has been reported [20].

Concerning the isolates recovered from dogs, azole resistance may be associated with
previous antifungal therapy, even though the sampled animals had not been treated with
antifungals until six months before the collection of clinical specimens [11]. In addition, the
ingestion of food preservatives that are used to conserve industrialized dog food might be related
to azole resistance in commensal Candida species, as it has been demonstrated that food spoilage
yeasts develop ABC efflux pump-mediated resistance to weak acids that are used as
preservatives [21].

Finally, considering that efflux pumps are unspecific mechanisms of cellular

detoxification [22] that can be modulated by several substances, including common pollutants,
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such as heavy metals [23], we believe that azole resistance in Candida from wild-harvested M.
amazonicum occurs as a response to the exposure to environmental contaminants that are in the
water of the lake where these prawns inhabited [3].

These findings suggest that Candida spp. recovered from animals present a higher azole
resistance rate when compared to those from humans and that the increased activity of ABC
efflux pumps represents the primary mechanism for azole resistance in these Candida isolates.
Additionally, considering that animals can represent a source of Candida infections for humans

[1,24], it is important to monitor the antifungal susceptibility of Candida from veterinary sources.
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Table 1: Candida from the gastrointestinal tract of Brazilian psittacines and in vitro antifungal susceptibility profile of the recovered isolates

. . . Collection . . Minimum Inhibitory Concentration (ng/mL) Resistant isolates (n)
BTl Sredies B () Site RN SIS () Amphotericin B Flu)(;onazole lI]faconazole Fluconazole Itraconazole
C. famata (1) 1 8 0.0625 - -
Oral cavity  C. parapsilosis (4) 0.25-1 0.25-16 0.03125-0.25 1 -
Aratinga 29 C. tropicalis (10) 0.125-1 0.5-250 0.25-64 4 2
cactorum Crop C. tropicalis (7) 0.125-0.5 0.5-32 0.0625 - 8 3 2
Cloaca C. parapsilosis (2) 0.25-0.5 1-4 0.0625 - 0.125 - -
C. tropicalis (8) 0.125-1 1-250 0.03125 - 64 6 4
C. albicans (2) 0.25 05-8 0.0625- 1 1 1
C. famata (5) 0.25-1 05-4 0.03125-0.125 - -
Oral cavity C. guilliermondii (3) 05-1 1-4 0.03125-0.125 - -
C. krusei (4) 2 16 0.03125-0.125 - -
C. parapsilosis (7) 0.25-1 0.25-2 0.03125-0.25 - -
C. tropicalis (11) 0.125-1 0.25 - 250 0.03125 - 32 2 2
C. albicans (1) 0.5 0.25 0.5 - -
Amazona aestiva 26 C. famata (3) 0.125-0.5 1-4 0.03125-0.125 - -
Crop C. guilliermondii (1) 1 0.5 0.0625 - -
C. krusei (2) 2 16 0.0625 -0.125 - -
C. parapsilosis (3) 1 1-4 0.03125-0.25 - -
C. tropicalis (1) 0.5 0.25 0.0625 - -
C. famata (1) 0.5 8 0.125 - -
Cloaca C. parapsilosis (6) 0.25-1 0.5-64 0.03125-0.25 1 -
C. tropicalis (1) 0.0625 2 0.0625 - -
. C. parapsilosis (1) 1 1 0.125
Oral Cavity  —==roicalis (3) 05-1 0.25 - 250 0.0625 - 64
é?n”;i‘é‘;:fa 6 C. krusei (2) 2 16 00625 -0.125 - -
Crop C. parapsilosis (1) 0.5 1 0.0625 - -
C. tropicalis (2) 0.25-0.5 0.25 - 250 0.0625 - 64 1 1
Oral Cavity  C. albicans (2) 0.5 2-8 1-8 1 2
C. albicans (1) 0.0625 250 125 1 1
Crop C. parapsilosis (1) 0.0625 1 0.03125 -
Ara ararauna 5 C. tropicalis (2) 0.125 250 64 2
C. albicans (1) 0.5 1 0.03125 - -
Cloaca C. parapsilosis (1) 1 0.5 0.0625 - -
C. tropicalis (1) 1 250 32 1 1

a: number of recovered isolates
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Table 2: Minimum inhibitory concentration of fluconazole and itraconazole against resistant Candida
species isolated from animals, before and after the addition of promethazine.

Minimum inhibitory concentration

Minimum inhibitory concentration

. . (ng/mL) (ng/mL)
CEURIBEACEELS Fluconazole Fluconazole + n | Itraconazole +
@) Promethazine Itraconazole Promethazine
Candida albicans 19 8 (3) 0,25 (1) 21 1(3) 0.03125 (2)
16 (4) 2(9) 2(2) 0.0625 (12)
32 (2) 4 (5) 8(2) 0.125 (5)
125 (1) 8 (1)* 16 (1) 0.25(2)
250 (9) 16 (3)* 32 (2)
64 (10)
125 (1)
Candida
parapsilosis 64(1) 1(D) i i i
16 (1) 2(1) - - -
Candida
tropicalis 24 8(3) 1(2) 19 4 (2) 0.03125 (3)
16 (2) 2(1) 8(3) 0.0625 (10)
32 (5) 4 (1) 32 (4) 0.125 (4)
125 (1) 8 (13)* 64 (10) 0.25 (1)
250 (13) 16 (6)* 0.5(1)
32 ()*

a: number of isolates; *strains that remained resistant, after the addition of promethazine
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7. ASPECTOS METODOLOGICOS E RESULTADOS OBTIDOS COM LEVAMISOL

7.1 Material e Métodos

7.1.1 Isolados de Candida avaliados

Quarenta e oito isolados (12 C. albicans, 12 C. krusei, 12 C. parapsilosis e 12 C.
tropicalis) de origem veterinaria da Micoteca do Centro Especializado em Micologia Médica
foram submetidos a anélise da sensibilidade ao levamisol. Destes, 37 foram obtidos do trato
gastrintestinal de psitacideos brasileiros, durante o presente estudo, e 11 C. albicans foram
obtidos do trato gastrintestinal de calopsitas (Nymphicus hollandicus) (BRILHANTE et al.,
2010). Todos os isolados de C. albicans e 9/12 isolados de C. tropicalis apresentavam

resisténcia in vitro a fluconazol e itraconazol.

7.1.2 Teste de sensibilidade a antifungicos

O efeito antifingico do levamisol foi avaliado, por meio da técnica de microdiluigdo
em caldo, como descrito pelo documento M27-A3 do CLSI. Para o ensaio, foi utilizado o
cloridrato de levamisol 7,5% (Fort Dodge, Brasil), o qual foi testado no intervalo de
concentracdo de 0,037 a 18,75 mg/mL. Os in6culos das cepas testadas foram preparados a
partir de coldnias com 24 horas de crescimento em &gar batata dextrose, a 35 °C. Foram
adicionados 5 mL de solucdo salina estéril, em tubos de vidro estéreis, na qual foi diluida uma
pequena amostra da colbnia, cuja concentragdo foi ajustada a 0,5 na escala de McFarland
(CLSI, 2008; SIDRIM et al. 2010). Posteriormente, os in6culos foram diluidos na razdo de
1:100 e, em seguida, de 1:20, em meio RPMI acrescido de L-glutamina (HiMedia, Mumbai,
India), tamponado a pH 7 com &cido morfolinopropanossulfénico (MOPS) a 0,165M. A
concentracdo final dos indculos foi de 0,5 a 2,5 x 10° células/mL (CLSI, 2002; SIDRIM et al.
2010). As placas foram incubadas a 35 °C, por 48 horas.

Para cada isolado testado, foram incluidos pogos sem droga, como controle de
crescimento, e po¢os sem indculo, como controle de esterilidade e todas as cepas foram
testadas em duplicata. Como controle de qualidade, para cada ensaio realizado, a cepa C.
krusei ATCC 6258 foi incluida (CLSI, 2008), a qual foi testada ante ao levamisol e &
anfotericina B. A concentracdo inibitéria minima (CIM) para o levamisol foi determinada
como a menor concentragdo capaz de inibir 80% do crescimento, quando comparado ao pogo
controle. Adicionalmente, a concentracdo fungicida minima (CFM) de levamisol também foi
determinada para todas as cepas avaliadas. Para tanto, ap6s a leitura das placas de

microdiluicdo e determinacdo da CIM, aliquotas de 20 pL foram retiradas dos pogos
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referentes @ CIM e a trés concentracdes crescentes subsequentes (2xCIM, 4xCIM e 8xCIM) e
semeadas em placas contendo &gar batata dextrose. As placas foram incubadas a 35 °C,
durante 48 horas, e foram lidas. A CFM foi definida como a menor concentra¢édo na qual ndo

se observou crescimento fangico no subcultivo (TAWARA et al., 2000).

7.1.3 Efeito do levamisol sobre o biofilme de Candida spp.

O efeito do levamisol sobre o biofilme maduro de Candida spp. e sobre a formacéo de
biofilme por esses microrganismos também foi avaliado. Para tanto, a formagdo de biofilme
foi induzida em 12 isolados resistentes a derivados az6licos (6 C. albicans e 6 C. tropicalis) e
nas cepas controle C. parapsilosis ATCC 22019 e C. krusei ATCC 6258.

Inicialmente, esses isolados foram crescidos em agar Sabouraud dextrose, a 30 °C,
durante 48 horas. Em seguida, os isolados foram crescidos em caldo Sabouraud dextrose,
durante 24 horas, a 30 °C, sob agitacdo (150 rpm). Apos esse periodo, os tubos com caldo
Sabouraud dextrose, contendo o crescimento flngico, foram centrifugados a 3000 rpm,
durante 10 minutos, e o sobrenadante foi descartado. Posteriormente, o pellet flngico foi
ressuspenso em meio RPMI, alcancando uma turbidez de 0,5 a 1 na escala McFarland. Os
indculos fungicos (100 uL) foram adicionados aos pogos de uma placa estéril de poliestireno
de 96 pocos de fundo chato. As placas foram entdo incubadas a 37 °C, durante 48 horas
(PEETERS et al., 2008).

Com o intuito de avaliar o efeito de drogas sobre a formagé&o de biofilme, no momento
da inoculagdo das placas, o levamisol foi adicionado em trés concentragdes distintas: CIM,
2xCIM e 4xCIM ante a cada isolado avaliado e ante as cepas controle. Portanto, para cada
isolado testado, oito pogos foram utilizados: 1) formacao de biofilme na auséncia de levamisol
(controle); 2) formacdo de biofilme ap6s a adicdo de levamisol na concentracdo CIM; 3)
formacéo de biofilme apés a adicdo de levamisol na concentracdo 2xCIM; 4) formagdo de
biofilme apds a adicdo de levamisol na concentracdo 4xCIM, sendo todos os tratamentos
avaliados em duplicata. Para as cepas controle, a inibigdo da formac&o de biofilme por meio
da adigéo de anfotericina B (droga controle) nas concentragdes 10xCIM, 20xCIM e 50xCIM
também foi avaliada. Em cada placa, foram incluidos controles positivo e negativo e controle
da droga.

Apb6s o periodo de incubagdo, o sobrenadante de todos 0s pogos avaliados foi
cuidadosamente removido e as células aderidas foram lavadas trés vezes com solucédo PBS-
Tween. Em seguida, todos os pogos foram lavados com metanol 100% (100 uL), o
sobrenadante foi removido e as placas foram deixadas a temperatura ambiente até secagem

total dos pocgos. Apos essa etapa, 100 uL de solugdo de cristal violeta a 0,3% foram
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adicionados a cada pogo, onde o corante foi mantido por 20 minutos. Em seguida, o cristal
violeta foi removido e os pocos foram lavados duas vezes com &gua destilada estéril.
Finalmente, 150 pL de acido acético a 33% foram adicionados a cada pogo corado e, apos 30
segundos, 0s volumes foram retirados. As placas foram imediatamente lidas por
espectrofotometria em leitora propria para placas de fundo chato, a 590 nm (PEETERS et al.,
2008) e os resultados da densidade dptica foram analisados.

Com o intuito de avaliar o efeito do levamisol sobre o biofilme formado, ap6s 48 horas
de incubacdo das placas inoculadas, o levamisol foi adicionado em trés concentragbes
diferentes: CIM, 10xCIM e 20xCIM, contra cada isolado avaliado e as cepas controle. Assim,
para cada isolado de Candida testado, oito pogos foram utilizados: 1) manutengdo do biofilme
na auséncia de levamisol (controle); 2) manutengéo do biofilme apds a adicdo de levamisol na
concentragdo CIM; 3) manutencdo do biofilme apds a adigdo de levamisol na concentracéo
10xCIM; 4) manutencdo do biofilme apds a adi¢do de levamisol na concentragdo 20xCIM,
sendo todos os tratamentos avaliados em duplicata. Para as cepas controle, a inibicdo do
biofilme formado, por meio da adigdo de anfotericina B (droga controle) nas concentragdes
10xCIM, 20xCIM e 50xCIM, também foi avaliada. Em cada placa, foram incluidos controles
positivo e negativo e controle da droga. Apos a adicdo da droga a ser testada, as placas foram
incubadas por mais 48 horas, a 37 °C, e os procedimentos restantes foram realizados como

descrito previamente.

7.1.4 Andlise Estatistica

Para comparar as CIMs e CFMs do levamisol entre as diferentes espécies de Candida,
foi aplicada a Analise de Variancia, com nivel de significancia de 5%. O efeito do levamisol
sobre a formacéo de biofilme e sobre a manutencédo do biofilme formado também foi avaliado,

por meio do teste T de Student para amostras pareadas, com um nivel de significancia de 5%.

7.2 Resultados
Os valores de CIM variaram de 0,58 a 2,34 mg/mL, com médias geométricas bastante
similares entre as espécies testadas: 1,27 mg/mL para C. albicans, 1,17 mg/mL para C. krusei
e C. parapsilosis e 1,31 mg/mL para C. tropicalis. Os valores de CFM obtidos variaram de
2,34 a 9,37 mg/mL, apresentando médias geométricas mais divergentes: 9,37 mg/mL para C.
albicans, 3,94 mg/mL para C. krusei e C. parapsilosis e 5,57 mg/mL para C. tropicalis
(Tabela 5).
Observou-se que o levamisol inibiu a formagdo de biofilme nas concentragGes

2XCIM e 4xCIM, mas ndo na CIM, e que essa inibicdo seguiu um padrdo dose-dependente,
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como demonstrado pela redugdo significativa na densidade Optica entre os tratamentos
controle e 2xCIM (P=0,0139), CIM e 2xCIM (P=0,0000) e 2xCIM e 4xCIM (P=0,0000).
Adicionalmente, o levamisol também apresentou atividade inibitéria contra o biofilme
maduro, em todas as consideragdes testadas, seguindo um padréo dose-dependente, como
demonstrado pela reducéo significativa na densidade Optica entre os tratamentos controle e
CIM (P=0,0184), CIM e 10xCIM (P=0,0007) e 10xCIM e 20xCIM (P=0.0000).
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Tabela 1: Médias geométricas e distribui¢do das concentragdes inibitdrias minimas CIMs e

das concentrac@es fungicidas minimas (CFMs) de levamisol contra Candida spp. isoladas de

aves
. Levamisol -
Candida spp. CIM (mg/mD) CEM (mg/mD) Anfotericina B
C. albicans (12) 1,17 (11) 9,37 (15) 0,25-1
2,34 (1)
Média geométrica 1,27 9,37 -
C. krusei (12) 1,17 (12) 2,34 (5) 2
4,68 (5)
9,37 (2)
Média geométrica 1,17 3,94 -
C. parapsilosis (12) 1,17 (12) 2,34 (3) 0,0625-1
4,68 (9)
Média geométrica 1,17 3,94 -
C. tropicalis (12) 0,58 (1) 4,68 (9) 0,125-1
1,17 (10) 9,37 (3)
2,34 (2)
Média geométrica 1,31 5,57 -
C. krusei ATCC 1,17 2,34 1

60



8. CONCLUSAO

1. As leveduras do género Candida fazem parte da microbiota do trato gastrintestinal, da pele
e do sistema geniturinario de animais. Nas aves, esses microrganismos sdo prontamente
isolados do trato gastrintestinal, com destaque para as espécies C. tropicalis, C. parapsilosis,
C. albicans e C. famata, as quais apresentaram um maior nimero de isolados. Ao comparar as
diferentes espécies de aves avaliadas, foi possivel observar que as taxas de isolamento séo
variaveis entre as espécies animais, no entanto, as espécies de Candida isoladas ndo
apresentaram grande variagdo. Com base no exposto, torna-se evidente a ampla distribuicéo
dessas leveduras no reino animal, as quais, no geral, estdo em equilibrio com o hospedeiro,

ndo ocasionando manifestacOes clinicas.

2. Dos 126 isolados avaliados, 33 (26.2%) apresentaram resisténcia primaria a fluconazol e
itraconazol. Essa taxa de resisténcia é relativamente elevada, quando comparada aquelas de
estudos com cepas de origem humana. As espécies C. albicans e C. tropicalis foram as que

apresentaram um maior numero de isolados resistentes.

3. A inibicdo da atividade das bombas de efluxo Cdrl e Cdr2 reverteu o fenétipo de
resisténcia de todos os isolados resistentes a itraconazol. No entanto, para fluconazol, somente
46,7% das cepas resistentes tornaram-se sensiveis. Com base no exposto, observou-se que a
resisténcia a itraconazol nos isolados avaliados esta exclusivamente associada ao aumento da
atividade das bombas Cdrl e Cdr2, enquanto que a resisténcia ao fluconazol, na maioria dos
isolados, foi multifatorial, envolvendo ndo s6 a atividade dessas bombas, como outros

mecanismos ainda ndo elucidados.

4. O imidazol levamisol apresentou atividade inibitoria contra Candida spp., tanto na fase
planctdnica, quanto na forma de biofilme. Essa droga ndo s¢ inibiu a formacdo de biofilme,
como agiu sobre o biofilme formado. Esses dados enaltecem a importancia da busca por
novos compostos com atividade antifingica e abrem perspectivas para a realizacdo de
pesquisas com o intuito de compreender o mecanismo da acdo antifungica do levamisol e de

validar o uso dessa droga in vivo, no tratamento de candidiases.
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Introduction

Abstract

In the present study, it was sought to compare yeast microbiota of wild and captive
Macrobrachium amazonicum and evaluate the antifungal susceptibility and pro-
duction of virulence factors by the recovered isolates of Candida spp. Additionally,
cultivation water was monitored for the presence of fungi. Overall, 26 yeast isolates
belonging to three genera and seven species were obtained, out of which 24 were
Candida spp., with Candida famata as the most prevalent species for both wild and
captive prawns. From cultivation water, 28 isolates of filamentous fungi were
obtained, with Penicillium spp., Cladosporium spp. and Aspergillus spp. as the most
frequent genera. Eight out of 24 Candida spp. isolates were resistant to azole
derivatives, out of which four were recovered from wild-harvested prawns. As for
production of virulence factors, three (12.5%) and eight (33.3%) isolates presented
phospholipase and protease activity, respectively. This is the first comparative
study between wild and captive prawns and the first report on yeast microbiota of
M. amazonicum. The most relevant finding was the high percentage of resistant
Candida spp., including from wild individuals, which suggests the occurrence of an
environmental imbalance in the area where these prawns were captured.

Potentially pathogenic yeast species have been isolated
from freshwater environments (Medeiros et al., 2008) and
animals (Brito et al., 2009; Brilhante et al., 2010). It is

Macrobrachium amazonicum is a continental prawn (Martin &
Davis, 2001) that is widely distributed in South America, from
the Orenoco basin, through the Amazon River, to the
Paraguay basin (Holthuis, 1952). Among all Brazilian native
species, the Amazon river prawn (M. amazonicum) is the
preferred one for cultivation, due to its rapid growth and easy
maintenance in captivity (Moraes-Valenti & Valenti, 2010).
There are reports that emphasize the importance of yeasts
and filamentous fungi for aquaculture, as pathogens of
different groups of economic interest (Gatesoupe, 2007).
Candida species represent the greatest number of isolates
from prawn farming, with Candida sake as the most
common one (Johnson & Bueno, 2000). Additionally, yeasts
have been found in water and sediment from lakes and
ponds inhabited by these crustaceans (Lu et al., 1998).
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noteworthy that among these fungi, resistant strains have
also been found. In a research work on lake water from
Southeastern Brazil, resistance phenomena to itraconazole
and amphotericin B in 50% of the isolated yeasts and 6% of
the isolated Candida spp., respectively, were observed (Me-
deiros et al., 2008). Additionally, the occurrence of resistance
to ketoconazole, fluconazole and itraconazole in Candida
albicans and Candida tropicalis obtained from dogs (Brito
et al., 2009) and to fluconazole and itraconazole among C.
albicans recovered from cockatiels (Nymphicus hollandicus)
(Sidrim et al., 2010) was observed.

Until now, no studies comparing microbiota composi-
tion, antifungal susceptibility profile and virulence factors of
yeasts recovered from M. amazonicum from natural
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environment and captivity have been performed. Therefore,
this study sought to compare yeast microbiota of captive
and wild M. amazonicum and evaluate in vitro antifungal
susceptibility and phospholipase and protease activities of
recovered Candida spp. In addition, the presence of fungi in
cultivation water was investigated.

Materials and methods

Wild-harvested prawns

Adults of M. amazonicum were harvested from Catu Lake
(03°49'44,8"S and 38°29'9"W), in the municipality of Aquir-
az, 35km from Fortaleza, Ceard, Northeastern Brazil. The
animals were captured by covos, a traditional trap used to
capture this species of prawn, and were properly taken to
Laboratory of Crustacean Culture of the State University of
Ceara, where healthy individuals, presenting all thoracic and
abdominal appendices, were randomly selected for this study.

Captive prawns

Experiment set-up and obtention of larvae

Larvae, juveniles and adults M. amazonicum that were culti-
vated at the Laboratory of Carciniculture of the State Uni-
versity of Ceara were used in this study. For the obtention of
larvae, ovigerous females, in good health conditions, present-
ing all thoracic and abdominal appendices and eggs at the final
stage of embryonary development, were used (Valenti er al.,
1998). These females were collected from Catu Lake, as
described for wild-harvested prawns, and then maintained in
a 60-L glass fiber tank, containing water with salinity of
4000mg L', under controlled temperature and abundant
aeration, to which a biofilter was attached. These females were
not fed while they were kept in the eclosion tank.

Set-up and maintenance of larviculture

Newly hatched larvae of M. amazonicum were stored in three
rectangular tanks, each with a capacity of 70 L, filled with
60L of water with different salinity, equipped with closed
water circulation and heating systems. During larviculture,
the experiments were performed in three different tanks,
each one of them with different salinities: 2000, 4000 and
6000 mg L' for tanks T1, T2 and T3, respectively. A density
of 20larvaeL™" was used. Water temperature, pH and
ammonia and nitrite concentrations were monitored daily.

Larvae were fed ad libitum with Artemia sp. nauplii, in the
morning, from stages II to IX. Starting at stage V, larvae were
also fed in the afternoon. After observing the first post-larva,
polyvinyl chloride pipe substrates were placed into the
tanks, in order to avoid cannibalism.
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Larval health

Every 3 days, four larvae of M. amazonicum were taken from
each tank and placed into a clock glass, containing water
from the respective salinity, in order to observe larval stage
and larval health status. Such evaluation was based on the
criteria described previously for Macrobrachium rosenbergii
larvae (Tayamen & Brown, 1999). Briefly, natatory behavior,
presence of parasites and/or necrosis, intestinal conditions,
pigmentation and phototaxis were evaluated.

Set-up and maintenance of grow-out

The post-larvae obtained during larviculture were stored in
three different tanks, T4, T5 and T6, which contained the
animals from the tanks with salinities of 2000 mg I
4000mg L' (T2) and 6000mg L' (T3), respectively. The
new tanks were circular, with a capacity of 400 L, filled to
360 L, equipped with closed water circulation and heating
systems and populated at a density of 2 post-larvae L', Only
fresh water was used in the grow-out tanks, after filtering by
activated charcoal filter. Water temperature, pH and ammo-
nia and nitrite concentrations were monitored daily.

During 3 weeks, post-larvae were fed ad libitum with Artemia
sp. nauplii and pelleted ration (Coyle ef al., 2010) only in the
morning,. After this period, an all-ration diet was instituted and
offered in the morning and in the afternoon.

Collection of biological material for fungal
isolation

After randomly selecting healthy wild adults from Catu
Lake, the digestive tracts of 10 individuals were removed by
making a dorsal transverse incision, and were placed in
sterile slants containing sterile saline and were treated as one
single sample. Overall, 18 collections were performed, with a
total of 180 adult prawns.

After starting larviculture, 10 larvae from each tank (T1,
T2 and T3) were collected, once a week, for 3 weeks, totaling
30 larvae per tank. After collection, larvae were ground and
suspended in 1 mL of sterile saline (NaCl 0.9%). During the
grow-out phase, 10 individuals (juveniles and/or adults)
were collected, weekly, from each tank (T4, T5 and T6) and
were treated as described for larvae, until reaching 2 cm in
length. When the cultivated animals were bigger than 2 cm,
their digestive tracts were removed, as described for wild-
harvested adults. Overall, 15 collections were performed
during this phase, with a total of 150 individuals per tank.
After each collection, microbiological processing was im-
mediately performed, as described in the following section.

Water samples from cultivation tanks were collected with
5mL syringes. Aliquots of water were obtained from differ-
ent regions of each tank (bottom, substrate, surface and
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walls). Then, samples were taken to the laboratory, where
they were homogenized in vortex and an aliquot of 100 uL
was streaked onto microbiological media. All samples from
animal and water were taken to the Specialized Medical
Mycology Center (CEMM ) of Federal University of Ceard, in
Fortaleza, Ceard, Brazil.

Microbiological processing

Yeast isolation

For each sample, two culture media were used for primary
isolation: 2% Sabouraud agar with chloramphenicol
(0.5gL 1), and birdseed (Guizotia abyssinica) agar. Larvae
and post-larvae suspensions were streaked onto the media,
using a microbiological loop.

Digestive tracts were opened and homogenized in sterile
Petri dishes, and approximately 1g was added to a saline
solution (NaCl 0.9%) containing chloramphenicol (0.4 g {
The suspension was homogenized in a vortex for 3 min, and
then left to decant for 30 min at 25 °C. Afterwards, aliquots of
100 uL from the supernatant of each sample were streaked
onto both media (Brilhante er al,, 2010). Petri dishes contain-
ing the cultured media were incubated at 25 °C for 10 days,
and were observed daily.

Identification

Initially, colonies that were suggestive of yeasts were observed
microscopically ( x 40), after Gram staining, in order to verify
the presence of blastoconidia, hyphae or pseudohyphae, as
well as to discard the occurrence of bacterial contamination.
Then, yeasts were identified by performing specific morpho-
logical and biochemical tests and, when necessary, through
VITEK 2 (bioMérieux™) (Brilhante ef al., 2010).

Briefly, identification of Candida species was based on
phenotypical characteristics, such as macromorphology,
colony observation, and micromorphology, after growth on
Cornmeal-Tween 80 agar. Additionally, biochemical tests
were performed, such as carbohydrate and nitrogen assim-
ilation and urease production (De Hoog et al., 2002). All
Candida spp. isolates were grown on chromogenic medium
(HiCrome Candida Differential Agar, HiMedia Labora-
tories, Mumbai, India), for the identification of mixed
colonies (Brilhante er al., 2010).

Cryptococcus spp. isolates were initially grown onto corn-
meal Tween-80 agar and on Christensen’s urea agar for
microscopic and biochemical evaluation, which suggested the
genus. Afterwards, an automated analysis was performed using
VITEK 2 (bioMérieux™) in order to determine the species.

For Rhodotorula spp., colonies were initially identified
based on their color. Then, the microorganism was sub-
mitted to urease production tests and grown on 2% malt
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extract agar for morphologic evaluation. Sugar assimilation
tests were performed for each isolate and these were crucial
for species identification (De Hoog et al., 2000).

Identification of fungi from cultivation water

In order to identify filamentous fungi obtained from culti-
vation water, slide cultures on potato dextrose agar were
performed. Micromorphological analysis was interpreted
according to the identification keys (De Hoog et al., 2000).
Additionally, yeasts that were obtained from water were
identified as described above.

In vitro antifungal susceptibility test

Twenty-four isolates of Candida spp. were tested: three C.
albicans (one from larvae, one from the digestive tract of
captive adults and another from the digestive tract of wild-
harvested adults), three C. tropicalis (one from the digestive
tract of captive adults and two from the digestive tract of
wild-harvested adults), four Candida parapsilosis (three
from the digestive tract of captive adults and one from the
digestive tract of wild-harvested adults), 10 Candida famata
(two from the digestive tract of captive adults, two from the
cultivation water and six from the digestive tract of wild-
harvested adults) and four Candida guilliermondii (one
from the cultivation water and three from the digestive tract
of wild-harvested adults).

The minimum inhibitory concentration (MIC) for these
microorganisms was determined by a broth microdilution
method as described by Clinical and Laboratory Standard
Institute (CLSI, 2002) and in other researches of our group
(Brito et al., 2009; Sidrim et al., 2010). As quality control for
each test performed, C. parapsilosis ATCC 22019 was in-
cluded. The strains were tested against four drugs: ampho-
tericin B, caspofungin, itraconazole and fluconazole. Stock
solutions of amphotericin B (Sigma Chemical Corporation)
and itraconazole (Janssen Pharmaceutica, Belgium) were
prepared with dimethyl sulfoxide and caspofungin (Merck
Sharp & Dohme, Brazil) and fluconazole (Pfizer, Brazil)
were diluted with distilled water.

Final concentrations of drugs (amphotericin B, caspofun-
gin, itraconazole and fluconazole) were obtained according
to some studies (CLSI, 2002; Pfaller er al., 2006; Brito et al.,
2009). All drugs were diluted and resuspended in RPMI
1640 (HiMedia Laboratories). The concentration range
tested for amphotericin B, caspofungin and itraconazole
was 0.03125-16ugmL™" and for fluconazole was
0.125-64 p.gmL‘l (Pfaller et al., 2006; Brito et al., 2009).
The criteria for resistance and sensitivity were established
according to some authors (CLSI, 2002; Pfaller ef al., 2006).
Isolates with MICs > 1, =2, >1 and =64 pgmLfl were
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considered resistant to amphotericin B, caspofungin, itraco-
nazole and fluconazole, respectively.

Inocula of all tested isolates were prepared from 1-day-
old cultures grown on potato dextrose agar at 35°C. Sterile
0.9% saline (5mL) was added to sterile glass slants and a
sample of the colony was added to the saline solution,
adjusting its concentration to 0.5 on McFarland Scale (CLSI,
2002). Afterwards, inocula were diluted 1:100 and then
1:20, in RPMI 1640 medium, with r-glutamine (HiMedia
Laboratories), buffered to pH 7 with 0.165M morpholine-
propanesulfonic acid. The final concentration of the inocula
was 0.5-2.5 % 10° cellsmL™" (CLSI, 2002; Brito et al., 2009).

Susceptibility testing was performed on 96-well micro-
dilution trays, which were properly prepared and incubated
at 35 °C, for 48 h (Brito et al., 2009). For each isolate, drug-
free and yeast-free controls were included and all the isolates
were tested in duplicate. For the azole derivatives and
caspofungin, the MIC was defined as the lowest drug
concentration inhibiting 80% growth when compared with
the growth in the control well, and for amphotericin B the
MIC was the lowest concentration at which no growth was
observed (CLSI, 2002; Brito et al., 2009; Sidrim et al., 2010).

Minimum fungicidal concentration (MFC)

After obtaining MIC values, microdilution trays were agi-
tated in order to homogenize the inocula and 100-pL
aliquots of each isolate, from three consecutive wells with
increasing drug concentration, starting at the MIC, were
subcultured into slants containing 2% Sabouraud dextrose
agar, which were incubated for 48 h at 35 °C. The MFC was
defined as the lowest drug concentration at which subcul-
tures presented negative results or produced less than three
colonies, indicating the death of > 99% of the original
inoculum (Tawara et al., 2000).

Phospholipase production

The same isolates that were tested for antifungal suscept-
ibility were evaluated for phospholipase activity. The test
was performed according to the previously described meth-
odology (Price et al, 1982), with some modifications.
Briefly, the medium used was 2% Sabouraud dextrose agar,
to which 1molL ™" sodium chloride, 0.05mol L™ calcium
chloride and 8% sterile egg yolk emulsion, at a concentra-
tion of 30%, were added. The emulsion was heated up to
40°C and incorporated into the sterile medium, after it
reached a temperature of 50 °C. Then, the medium was
poured into 90-mm Petri dishes, forming a 4-mm film. Yeast
inocula were prepared in sterile saline at a final concentra-
tion of 4 on McFarland scale. A 5-pL drop of each inoculum
was placed on a 5-mm sterilized filter paper disk, which was
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then placed on the agar. The plates were incubated at 35 °C,
for 7 days (Sidrim et al.,, 2010).

Phospholipase activity (Pz) was determined by calculat-
ing the ratio between the diameter of the fungal colony and
the total diameter, including the colony and the precipita-
tion zone. Thus, when Pz=1, the isolate is phospholipase
negative; when 1 > Pz>0.64, the isolate is positive for
phospholipase activity; and when Pz < 0.64, the isolate is
strongly positive for this enzyme (Sidrim et al,, 2010).

Protease production

The 24 isolates of Candida spp. were also screened for protease
production. The protease test was performed according to a
previously described methodology (Charney & Tomarelli,
1947; Cenci et al., 2008) with modifications. Briefly, yeast
inocula were prepared from 1-day-old cultures in a sterile
saline solution, reaching a final concentration of 4 on McFar-
land scale. Then, the inocula were cultured in RPMI medium
ina1:1 dilution, by adding 2 mL of each inoculum to 2 mL of
RPMI. After 48h of incubation in a shaker at 150 r.p.m., the
inocula were centrifuged at 805g for 15min, and the super-
natant was divided into three slants containing 1 mL each. The
content from one of the slants was considered the reference
substance (blank) and the content from the other two slants
was used for testing in duplicate. To the blank content, 1 mL of
trichloroacetic acid and 1 mL of azoalbumine were added,
while only 1 mL of azoalbumine was added to the other slants.
All slants were incubated in 37°C bath for 48 h, after which
the reaction was stopped by adding 1 mL of trichloroacetic
acid to the tested slants. Then, the tubes were centrifuged for
30min at 805 g, and 2 mL of the supernatant were added to
2mL of 5% NAOH for posterior spectrophotometric analysis
at an absorbance of 530 nm.

Statistical analysis

In order to compare yeast prevalence, Fisher’s exact test was
applied. Pearson’s correlation coefficient was used to calcu-
late the correlation between MICs and MFCs. Paired-
samples Student’s t-test was used to compare MICs with
MFCs. For all cases, a significance level of 5% was adopted
for significant conclusions.

Results

From 126 samples of wild-harvested adults, captive animals
and tank water, 26 yeast isolates belonging to three genera
and seven species were recovered. Fourteen (54%), eight
(31%) and four (15%) isolates were obtained from wild-
harvested prawns, captive prawns and cultivation water,
respectively (Table 1).

From the digestive tract of wild-harvested adult prawns, 14
(14/26; 53.85%) yeast isolates were recovered: one C. albicans,
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Table 1. Yeast species isolated from Macrobrachium amazonicum and water from cultivation

Collection site
Wild prawns Captive prawns Water Total
Larvae Juvenile and adult Larviculture Grow-out
T2 T4 T5 2 T6
Yeast species n % n % n % n % n % n % n %
Candida albicans 1 3.85 1 38 - - 1 3.85 - - - - 3 11.54
Candida famata 6 23.08 - - 1 3.85 1 3.85 1 3.85 1 3.85 10 3846
Candida guilliermondii < 11.54 - - - - - - 1 3.85 - - 4 15.38
Candida parapsilosis 1 3.85 - - - - 3 11.54 - - - - 4 15.38
Candida tropicalis 2 7.69 - - - - 1 3.85 - - - - 3 11.54
Cryptococcus laurentii 1 3.85 - - - - - - - - - - 1 3.85
Rhodotorula mucilaginosa - - E - - - - E 1 3.85 - - 1 3.85
Total 14 53.84 1 3.85 1 3.85 6 23.07 3 11.54 1 3.85 26 100

T2, larviculture tank (salinity 4mg L™"); T4, grow-out tank (fresh water) corresponding to T1 (salinity 2mgL™"); TS, grow-out tank (fresh water)
corresponding to T2 (salinity 4mg L™); T6, grow-out tank (fresh water) corresponding to T3 (salinity 6 mg L™").

Table 2. Filamentous fungus species isolated from cultivation tanks of Macrobrachium Amazonicum

Collection site

Larviculture water Grow-out water Total

T2 i3 T4 T5 T6
Species n % n % n % n % n % n %
Penicillium sp. 1 3.57 1 3.57 2 15 - - 3 10.71 7 25.00
Penicillium decurnbens - - - - 1 357 1 3.57 1 3.57 3 10.71
Penicillium chrysogenum - - - - 1 3.57 - - - - 1 357
Penicillium griseofulvum - - - - 1 3.57 1 3.57 - - 2 7.15
Cladosporium sp. 1 3.57 - - 2 15 1 3.57 - - 4 14.29
Cladosporium sphaerospermum - - - - - - 1 3.57 - - 1 357
Cladosporium cladosporioides - - - - 1 3.57 - - 1 3.57 2 7.15
Aspergillus sp. - - - - 1 357 1 3.5%7 1 3.57 ) 10.71
Aspergillus niger - - - - - - 1 3.57 - - 1 357
Hortae wemeckii 2 7.14 1 3.57 - - - - - - 3 10.71
Mucor racemosus - - - - 0 0 0 0 1 3.57 1 357
Total 4 14.28 2 7.15 9 3215 6 21.42 7 25.00 28 100

T2, larviculture tank (salinity 4mgL™"); T3, larviculture tank (salinity 6 mgL™"); T4, grow-out tank (fresh water) corresponding to T1 (salinity 2mg L™);
TS, grow-out tank (fresh water) corresponding to T2 (salinity 4mg L™"); T6, grow-out tank (fresh water) corresponding to T3 (salinity 6mgL™").

six C. famata, two C. tropicalis, one C. parapsilosis, three C.
guilliermondii and one Cryptococcus laurentii (Table 1).

Out of eight yeast isolates from captive prawns, one was
obtained from larvae (1/26; 3.85% — C. albicans) and no
isolates were recovered from post-larvae. On the other hand,
seven isolates were obtained from the digestive tract of adult
prawns (7/26; 26.92% — one C. albicans, two C. famata, one
C. tropicalis and three C. parapsilosis) (Table 1). Candida
famata (P=0.0311) and C. guilliermondii (P=0.0599) were
more frequently isolated from wild-harvested prawns, when
compared with those from captivity.

No yeast isolates were recovered from larviculture water
with salinities of 2000 and 6000mg L™ (T1 and T3,

FEMS Microbiol Ecol m(2011) 1-10

respectively) or from grow-out tanks T4 and T5. Three
isolates (3/26; 11.54% — one C. famata, one C. guilliermondii
and one Rhodotorula mucilaginosa) were obtained from
water with a salinity of 4000mgL™". (T2) and one water
sample from grow-out tank T6 was positive for yeast growth
(1/26; 3.85% — C. famata) (Table 1).

It was possible to recover filamentous fungi from 42.6%
(23/54) of cultivation water samples. These fungi belonged
to five genera, with a total of 28 isolates (Table 2). Four (4/
28; 14.29%) and two (2/28; 7.14%) isolates were obtained
from larviculture tanks T2 and T3, respectively. No filamen-
tous fungi were recovered from the larviculture tank with a
salinity of 2000 mg L™ (T1). Nine (9/28; 32%), six (6/28;
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Table 3. MIC and MFC distribution of amphotericin B, caspofungin, itraconazole and fluconazole against 24 isolates of Candida spp.

Candida spp. Amphotericin B (ugmL™") Caspofungin (ugmL™") Itraconazole (ugmL™") Fluconazole (ugmL™")
n MIC MFC MIC MFC MIC MFC MIC MFC
C. albicans 3 0.125(1)* 0.125(1) 0.03125(2) 0.03125(1) =>16(3) >16(3) =64 (3) >64(3)
0.5(2) 05(2) 0.0625(1) 0.0625(1)
0.25(1)
C. famata 10 0.03125(5) 0.03125 (5) 0.03125(1) 0.03125(1) 0.03125(2) 0.03125(1) 0.5(2) 2(2)
0.0625(3) 0.0625 (3) 0.0625(2) 0.0625(2) 0.0625(3) 0.0625(1) 2(3) 4(1)
0.125(1) 0.125(1) 0.125(1) 0.125(1) 0.125(2) 0.125(2) 4(1) 16(2)
0.5(1) 0.5(1) 0.25(2) 0.25(1) 0.5(1) 0.25(1) 8(1) 32(2)
0.5(4) 1(1) =216(2) 05(3) 32 (1) =264(3)
2(3) =>16(2) =264 (2)
4(1)
C. parapsilosis 4 0.0625(1) 0.0625 (1) 0.25(1) 2(2) 0.03125(1) 0.625(1) 8(2) 4(1)
0.125(2) 0.125(2) 0.5(1) 4(1) 0.0625(1) 0.5(1) 4(2) 8(2)
0.25(1) 0.25(1) 1(2) 8(1) 0.5(1) 2(1) 32(1)
=16(1) =16(1)
C. tropicalis 3 0.125(3) 0.125(3) 0.125(2) 0.5(1) 0.03125(2) 0.0625 (2) 8(2) 8(1)
0.5(1) 1(1) 4(1) =16(1) =64 (1) 32(1)
2(1) =64(1)
C. guilliermondii 4 0.03125(1) 0.03125(1) 0.03125(2) 0.03125(1) 0.03125(3) 0.03125(1) 0.5(1) 4(1)
0.0625(2) 0.625 (2) 0.0625 (1) 0.25(1) =16(1) 0.0625 (1) 1(1) 8(2)
0.25(1) 0.25(1) 1(1) 1(1) 0.125(1) 2(1) 16(1)
4(1) =>16(1) 8(1)

*Represents the number of isolates for each indicated MIC and MFC.

21.43%) and seven (7/28; 25%) isolates were obtained from
water samples from grow-out tanks T4, T5 and T6, respec-
tively.

Penicillium sp. was the most isolated genus (13/28;
46.42%), followed by Cladosporium sp. (7/28; 25%) and
Aspergillus sp. (4/28; 14.29%). Other obtained isolates were
Hortaea werneckii (3/28; 10.71%) and Mucor sp. (1/28;
3.57%) (Table 2).

Concerning in vitro antifungal susceptibility tests of
Candida spp., the MIC values for all tested isolates are
described in Table 3. Briefly, for C. famata (10/24), the
MIC for amphotericin B varied from 0.03125 to
0.5 ugmL ™", and for caspofungin, itraconazole and flucona-
zole, MICs ranged from 0.03125 to 0.5 g mL™, 0.03125 to
>16pugmL ' and 0.5 to =64 pgmL ", respectively. For C.
parapsilosis (4/24), MIC for amphotericin B, caspofungin,
itraconazole and fluconazole ranged from 0.0625 to
0.25ugmL™", 0.25 to 1pugmL™, 0.03125 to >16 ugmL™
and4to8 g mL™, respectively. For C. guilliermondii (4/24),
MICs varied from 0.03125 to 0.25ugmL™’, 0.03125 to
TpugmL™, 0.03125 to >16pugmL ™" and 0.5 to 8pgmL™
for amphotericin B, caspofungin, itraconazole and flucona-
zole, respectively. For C. tropicalis (3/24), the MIC value for
amphotericin B was 0.125 ugmL ", while those for caspo-
fungin, itraconazole and fluconazole ranged from 0.125 to
0.5ugmL ™, 0.03125 to 4pgmL ™" and 8 to >64pgmL ",
respectively. Finally, for C. albicans (3/24), MIC values for
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amphotericin B and caspofungin varied from 0.125 to
0.5ugmL™" and 0.03125 to 0.0625pgmL ", respectively,
while those for itraconazole and fluconazole were > 16 and
>64 ugmL !, respectively. A positive correlation was ob-
served when comparing MICs for amphotericin B and
itraconazole (P=0.0005), amphotericin B and fluconazole
(P=0.0020), and fluconazole and itraconazole (P = 0.0007),
but not for caspofungin, when compared with the other
tested drugs.

MFC values for all Candida spp. isolates varied from
0.03125 to 0.5ugmL ™", 0.03125 to 8pugmL ™', 0.03125 to
>16pgmL " and 2 to >64pgmL™" for amphotericin B,
caspofungin, itraconazole and fluconazole, respectively (Ta-
ble 3). A positive correlation was also observed when
comparing MFCs for amphotericin B and itraconazole
(P=0.0001), amphotericin B and fluconazole (P=0.0104),
and fluconazole and itraconazole (P=0.0013), but not for
caspofungin, when compared with the other tested drugs.
When comparing MIC and MFC, a positive correlation was
observed for caspofungin (P=0.0000), fluconazole
(P=0.0000) and itraconazole (P=0.0000). For amphoter-
icin B, MICs were equal to MFCs; for itraconazole, MICs
and MFCs were not statistically different (P=0.1108), and
for caspofungin (P=0.0007) and fluconazole (P=0.0013),
MICs and MFCs were statistically different.

Concerning phospholipase activity, only three (12.5%)
isolates presented positive results (Pz < 1). The obtained Pz
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values were 0.64, 0.67 and 0.71 for C. famata, C. tropicalis
and C. parapsilosis, respectively. Candida famata was iso-
lated from the larviculture water (T1) and C. tropicalis and
C. parapsilosis were isolated from the digestive tract of
captive adults (T5).

As for protease production, eight isolates presented
positive results (8/24; 33.3%), which ranged from 1.0 to
27.0U0uL ! These isolates were four C. famata (4/10; 40%;
one from T3 water and three from wild-harvested adults),
two C. albicans (2/3; 66.7%; one from wild-harvested adults
and one from captive adult from T5), one C. parapsilosis (1/
4; 25%; from captive adult from T5) and one C. guillier-
mondii (1/4; 25%; from wild-harvested adult).

Discussion

The larval health index was satisfactory for all analyzed tanks
during this experiment, with values > 1 (Tayamen & Brown,
1999). The water temperature varied from 28 to 30 °C and
ammonia and nitrite concentrations were maintained at zero
throughout the research, within ideal management conditions
for M. amazonicum (Moraes-Valenti & Valenti, 2010).

Candida was the most isolated genus and C. famata the
most frequently isolated species, with 10 isolates (38.46%),
followed by C. guilliermondii (15.4%) and C. parapsilosis
(15.4%). Other recovered species were C. albicans, C.
tropicalis, C. laurentii and R. mucilaginosa. Candida albicans
was recovered from larvae and adult prawns, but not from
water, corroborating the generally accepted idea that ecolo-
gical niches for this yeast species do not exist in the
environment. Medeiros et al., 2008 recovered several Candi-
da species from water and sediment samples from two
unpolluted lakes, but C. albicans was not recovered, sup-
porting this idea.

Candida famata was the most commonly isolated species
from wild-harvested adult prawns and cultivation water (42%
and 50%, respectively). From the digestive tract of cultivated
prawns, C. tropicalis and C. famata were the most frequently
recovered species (28.6% each). The digestive tract of wild-
harvested adult M. amazonicum from Catu Lake represented
the type of sample where the highest number of species was
found, followed by digestive tracts of cultivated animals,
cultivation water and larvae. Considering that the intestinal
microbiota of aquatic invertebrates resembles that of the
environment where they are inserted (Hagler er al, 1995;
Kutty & Philip, 2008), this observation was expected, once
environments under natural conditions are subjected to
several influencing factors, including natural and anthropic
ones, harboring a greater diversity of microorganisms (Me-
deiros et al., 2008), when compared with environments under
controlled conditions, commonly used in prawn farming.

In a study with M. rosenbergii cultivated in Taiwan, the
greatest percentage of the isolates (86%) were represented by
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Candida species, out of which 70% were C. sake and 16%
were C. famata (Lu et al., 1998). However, 61% of the
animals presented clinical alterations, which may explain the
high prevalence of C. sake, a well-known pathogen of fresh-
water prawns. In our study, only healthy prawns were
assessed and C. sake was not recovered, while C. famata was
the most frequently isolated species, demonstrating the
presence of this yeast species in these animals.

In our study, although the number of yeasts recovered
from the cultivation water was small, Candida spp. were the
predominantly isolated ones, similar to that observed by Lu
et al., 1998 and Leano et al., 2005 in studies with captive
giant river prawns and tiger prawns, respectively. The water-
sampling methodology used in this research differed from
those mentioned by other authors (Lu et al., 1998; Leano
et al., 2005; Medeiros et al., 2008), which could have
accounted for the low recovery rate of yeasts, including the
inability to obtain C. albicans from cultivation water. How-
ever, these authors studied the quality of water from natural
sources or ponds, but not from tanks equipped with closed
water circulation system, which justifies their need to work
with larger volumes of water.

The three predominant genera of filamentous fungi
found in cultivation water of this study, Penicillium, Clados-
porium and Aspergillus, were also found in an investigation
of filamentous fungi in cultivation water of tilapia and tiger
prawns by Leano et al., 2005. Penicillium sp. and Aspergillus
sp. were the predominant genera found by these authors,
but Cladosporium sp. was isolated from only one sample of
the tiger prawn cultivation. In contrast, Cladosporium sp.
represented 25% of the isolates in our study, which probably
reflects the environmental condition under which this
research was conducted, considering that the species belong-
ing to this genus, along with Penicillium spp. and Aspergillus
spp., represent common airborne fungi in indoor and out-
door environments (Solomon et al., 2006; Pantoja et al.,
2009; Miao et al., 2010).

In our study, the fungus H. werneckii (3/28) was isolated
from water samples from tanks T2 and T3 (salinities of 4000
and 6000 mg L™, respectively). This fungus inhabits tropical
and subtropical regions (De Hoog et al, 2000; Varga &
Godoy, 2004) and it is the predominant species in hypersa-
line waters, acting as a saprobic microorganism in these
environments (Gunde-Cimerman et al., 2000; Mbata, 2008).
Hortaea werneckii can inhabit a wide range of salinities,
varying from 0 to 25000 mg L', but optimal growth occurs
between 3000 and 7500 mg L' of NaCl (Petrovic et al.,
2002), which includes the salinity of the samples from which
this fungus was isolated in our study.

Although some filamentous fungi are identified as patho-
gens for prawns, such as Aspergillus sp., their isolation was
not harmful to the health of cultivated prawns in this study,
considering that no clinical alterations were observed. Most
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pathogenic fungi for prawns and shrimps belong to the
microbiota of cultivation water and are secondary or
opportunistic invaders. These microorganisms cause culti-
vation problems only when the animals are submitted to
inadequate management conditions, which favor the dis-
semination of other diseases (Leano ef al., 2005). Hence, the
animals were kept under adequate management conditions

In this study, all Candida strains were susceptible to
amphotericin B, as observed in other researches performed
by our group (Brito et al., 2009; Sidrim et al., 2010). Eight
out of 24 Candida spp. isolates (33.3%) were resistant to
itraconazole and/or fluconazole, with particular attention
given to the isolates of C. albicans, which were resistant to
both drugs simultaneously. The MFC results obtained in our
study were similar to those for clinical isolates of non-
albicans Candida species (Tawara et al., 2000).

Additionally, it is noteworthy that 28.6% (4/14) of the
isolates of Candida spp. obtained from wild-harvested M.
amazonicum were resistant to these azole derivatives. The
observed resistance phenomenon to this class of drugs arose
the curiosity to seek the causes that may be associated with
this phenomenon in the environment. Catu Lake is a fresh-
water source that has been used for human consumption
and supply, animal consumption, agriculture, industries and
leisure activities. Considering that industrial wastes and
pollutants are reported as causes of mutagenesis in yeasts
(Keenan et al., 2007) and that the occurrence of gene
mutation (Feng et al, 2010) may result in antifungal
resistance, we believe that the resistance phenomenon
observed in these Candida strains is related to anthropic
activities developed in the studied area, such as pollution
with industrial, agricultural and farming wastes.

As mentioned before, the intestinal microbiota of aquatic
invertebrates is similar to that of the environment where
they are inserted (Hagler et al., 1995; Kutty & Philip, 2008);
thus, yeasts isolated from the digestive tract of wild-
harvested M. amazonicum may reflect the environmental
conditions of Catu Lake. Based on this, crustaceans, includ-
ing M. amazonicum, and fishes can be used as sentinels for
the occurrence of resistant yeasts in the environment.
Several animal species have been reported as sentinels for
the occurrence of resistant bacteria in the wild, including
predatory fishes (Blackburn et al, 2010) and terrestrian
mammals (Routman et al., 1985; Costa et al., 2008; Mariano
et al., 2009). Interestingly, all of these authors reported that
the occurrence of resistant bacteria was associated with the
close relationship between these wild animals or their
environment and human beings and that water was the
main vehicle for spreading chemical compounds involved in
the development of resistance.

Classically, bacteria have been used as bioindicators of
environmental imbalance related to pollution. However,
more recently, the use of yeasts has been encouraged,
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especially because of the structural and molecular simila-
rities between fungal and mammalian cells (Keenan et al.,
2007). Several pollutants are capable of altering gene expres-
sion or sequence composition (Wegrzyn & Czyz, 2003;
Keenan et al., 2007; Miiller et al., 2007). Considering that
azole resistance is basically associated with changes in gene
expression or in gene nucleotide sequence, the presence of
pollutants in the water of this lake, including azole deriva-
tives commonly used in agricultural practices, may be
responsible for the observed resistance. Based on these
observations, we propose the use of M. amazonicum and
other aquatic species as sentinels for the occurrence of
resistant yeasts in the environment and the use of the
isolated yeast as bioindicators for the presence of pollutants
in natural water sources.

Additionally, the risk of yeast infections occurring in hu-
mans should be considered when manipulating these animals
or the water they inhabit, considering that potentially patho-
genic species were isolated from these sources. Three species
should be highlighted, C. albicans, C. parapsilosis and C.
tropicalis, for being the most commonly involved in human
candidiasis in Latin America (Palacio et al., 2009). Besides,
special attention must be given to C. albicans, considering that
animals can represent a source of infection for humans
(Edelmann et al., 2005) and that the recovered isolates of this
species were all azole resistant, which is not common among
human strains (Kanafani & Perfect, 2008). Thus, studies on
genetic diversity of this Candida species could help to
elucidate whether or not the recovered isolates are commonly
distributed among humans.

There are several researches concerning phospholipase
activity of fungi isolated from humans (Fotedar & Al-
Hedaithy, 2005; Zeng et al., 2008 ). However, researches with
yeasts isolated from animals are scarce (Sidrim et al., 2010)
and no reports have been found for yeasts from prawns or
shrimps. For many years, it was believed that only C.
albicans was able to produce phospholipase. However, now
it is known that other species of Candida also produce this
enzyme, usually in smaller amounts (Ghannoum, 2000), as
demonstrated by our research. Paradoxically, the isolates of
C. albicans obtained in this study did not present phospho-
lipase activity, while 14.29% (3/21) of the non-albicans
Candida species were positive for this enzyme.

Some studies have evaluated the protease activity of
Candida species; however, in those researches, the strains
were obtained from humans with candidiasis (Kantarcioglu
& Yucel, 2002; Mohan & Ballal, 2008; Ombrella et al., 2008).
In our study, the production of protease by Candida spp.
strains isolated from wild-harvested and captive crustaceans
was demonstrated for the first time.

Finally, this work represented the first study on yeast
microbiota of M. amazonicum, comparing wild and captive
populations. Additionally, the most relevant finding was the
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isolation of azole-resistant Candida spp. from wild-harvested
animals, showing the role of these animals as sentinels for the
occurrence of resistant yeasts in the natural environment.
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