Antifungicos

Universidade de Sao Paulo
Instituto de Ciéncias Biomédicas
Departamento de Microbiologia



Classif] 0 cas micoses

Superficial Extrato corneo do tecido epitelial, Malassezia spp.
pelo e cabelo Hortaea werneckii
Piedraia hortae
Trichosporon spp.
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Cutaneo Porcdes queratinizadas da pele, pelo e | Trichophyton spp.
cabelo Microsporum spp.
Epidermophyton floccosum
Subcutaneo Derme, musculos e tecido conjuntivo | Sporothrix spp.
Fonsecaea pedrosoi
Sistémico Inicia-se com uma infecgao pulmunar | Paracoccidioides spp.
endémico podendo atingir qualquer 6rgao Histoplasma capsulatum

Coccidioides spp.

Sistémico Qualquer tecido Candida spp.
Cryptococcus spp.
Aspergillus spp.
Fusarium spp.
Zigomycetes, Rhizopus




Histérico — antifungicos
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Dominio dos seres vivos
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A célula fungica

Golgi complex
Pore in nuclear membrane

Lipid granule
Budscar —»

Thread-like mitochondrion
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Odds et al. TRENDS in Microbiology, 11: 272-279, 2003. .




0 antifungico ideal...

Toxicidade seletiva = | efeitos colaterais
Amplo espectro de acao

Nao permita a selecao de amostras
resistentes

N3o ser alergeno (Efeito antigénico)
Soluvel em agua

Boa estabilidade

Boa farmacocinética (Absorcao,
distribuicao, metabolismo e excrecao)
Baixo custo



Antifungicos e Mecanismos
de acio




/ Antifangicos que agem na smbrans
celular

Membrana celular
e Poliénicos
- Anfotericina B e formulacdes lipidicas
- Nistatina

* AzOis
- Cetoconazol, Miconazol,
- Fluconazol, ltraconazol

- Voriconazol, Posaconazol, Isavuconazol
- Albaconazol, Ravuconazol

*Alilaminas (Terbinafina, butenafina)

*Derivados morfolinicos (amorolfina)




Acao sobre o ergosterol- agentes
poliénicos

Anfotericina B Nistatina

Anfotericina B Ergosterol Colesterol

TRENDS in Microbiology

Odds et al. TRENDS in Microbiology, 11: 272-279, 2003.



Fosfolipidio - Ergosterol

Meio aguoso

Bicamada lipidica

RS

Adaptado de White,1998.

Anfotericina B

o~

Ergosterol “

Membrana
Celular

Ligacdo com o ergsterol, \
formando poros na membrana

Saida de cations intracelulares



Interacdes com células de mamiferos

% Anfotericina B/Nistatina

- Colesterol

N

Nefrotoxicidade

Hepatotoxicidade
Cardiotoxicidade

Anemia hemolitica




1° poliénico (1949)
Isolado de Streptomyces noursei

Uso somente topico — suspensao, pastilhas, pomadas,
cremes

Tratamento de dermatofitos e infeccoes mucocutaneas
por Candida

Altamente toéxico

Ma absorcao mucocutanea

Usado no tratamento de infecgcdes mucocutaneas (Ex.
lavagem bucal, SGI)

Efeitos colaterais: Nauseas, vomito, diarréia com dose
elevada



Anfotericina B desoxicolato
* Isolado de Streptomyces nodosus (1956)

- Desvantagem: -

. . . : : espectro de agao:
Muito téxica, < nistatina

— Candida spp. (exceto C.
lusitaniae)

- Vantagens — Cryptococcus spp.
Al d ~ — Fungos dimorficos
mp O .espectro € agao < — Aspergillus spp., Fusarium spp.
Fungicida — Fungos negros, Zigomicetos
Baixo custo

Nao tem acao para:
9 — Trichosporon spp.

_ o — Fusarium spp.
*Formulacao Topica e Endovenosa

*Efeitos adversos:

Agudos - febre, calafrio, vdmito, nausea, cefaléia

Crénicos - Nefrotoxicidade (50% dos pacientes), anemia, efeito
neurotoxico.




Nistatina - Uso topico e altamente toxico
Anfotericina B desoxicolato - topico e IV

Nistatina lipossomal (Nyotran) — estudos até +/-2005

Anfotericina B lipossomal (L-AMB, Ambissome)
Anfotericina B dispersao coloidal (ABCD —
Amphocil ou Amphotec)

Anfotericina B Complexo lipidico (ABLC, Abelcet)

. :

Eficacia semelhante a
AMB desoxicolato

|| Efeitos colaterais




Formulagoe

Abelcet ® ABLC

Complexo lipidico

Top view
of single complex

Polar
interior

Lipid S
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Amphotericin B

Associated complexes

Ribbon-like particles
Carrier lipids: DMPC, DMPG
Particle size (um): 1.6-11

DMPC-Dimyristoyl phospitidylcholine
DMPG- Dimyristoyl phospitidylcglycerol
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Amphotec ® ABCD

Dispersao coloidal

04

Cholesteryl Amphotericin B
Sulfate
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2143
Disk-like particles

Carrier lipids: Cholesteryl sulfate
Particle size (um): 0.12-0.14

Ambisome ® L-AMB
AMB lipossomal

Water

mm Water-soluble agent
@ Fat-soluble agent

Unilaminar liposome

Carrier lipids: HSPC, DSPG,
cholesterol

Particle size (um) : 0.08

HSPC-Hydrogenated soy phosphatidylcholine
DSPG-Distearoyl phosphitidylcholine
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*Maior afinidade pela célula fungica
*Menor toxicidade, por impedir liberacdo nas células do hospedeiro
* Permite maiores dosagens

» Custo muito elevado (~100 x a mais que a AMB desoxicolato)



Acetil CoA Tiolase Acetoacetil-CoA

HMG-CoA
Inibicdo da sintese do "tefa}/

3-OH-3-metilglutaril-CoA

ergosterol (HMG-CoA)

Farnesil [nirofosfato

Esqualeno sintase
A
Esqualeno

_—| l Esqualeno epoxidase

Esqualeno epdxido
v

\{
_—| v Cl4-redutase

Lanosterol

W| } Cl4-a-lanosterol demetilase
C14-dimqti| lanosterol
Zimgsterol
l Esterol metil transferase

Fecosterol

v
Adaptado de Shea e Del Poeta. Current Opinion in }l C8-isomerase
Microbiology, 9: 352-358, 2006. v
Ergosterol——— [N UL




Alilaminas: terbinafina e butenafina
Terbinafina (Lamisil, Novartis Pharmaceuticals)

Inibe a enzima esqualeno epoxidase
Efeito antifungico devido o acumulo de esqualeno e falta de ergosterol
Onicomicoses causadas por dermatofitos
Efetivo em 90 % dos casos
Uso topico (1% em creme) e oral
Acumula na pele, unha e tecido adiposo

ReacOes adversas: diarréia, nduseas, erupgdes cutaneas, urticaria e
fotossensibilidade.



Azo0is: imidazois e trizois

Imidazois
13, Geracao
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Triazois
13, Geracao
22, Geracao
32, Geracao

Fluconazol



Azois: imidazois e trizois
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Agentes

)

Econazol
Miconazol g
Clotrimazol

cetoconazol

Cetoconazol (tdépico e sistémico)

(Nizoral, Jassen Pharmaceutica)
Sao Fungistaticos
Dermatofitoses, candidiasis cutanea/mucocutanea
Uso topico (creme, logcao, shampoo) e sistémico (comprimido)
Absorcao do cetoconazol — pH acido

Sa0 hepatotoxicos, altera niveis de testosterona e cortisol



Voriconazol

Isavuconazol \

N

=N -No tratamento de Infeccoes
}KNW/\ sistémicas

-Hepatotoéxico
-Interagcao medicamentosa
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Sao mais especificos para a
enzima do fungo Htraconazol

Espectro de acao ampliado:
leveduras, dermatofitos,
fungos filamentosos e fungos
dimorficos

Voriconazol

Fluconazol

Odds et al. TRENDS in Microbiology, 11: 272-279, 2003.



Fluconazol
(Pfizer)

Voriconazol
(Pfizer)

Itraconazol
(Janssen

Posaconazol
(Schering-Plough)

Pharmaceuticals)

Indicacao -Candidiase (C. Amplo espectro, - Paracoccidiodomicose - Candidiase
krusei e C. exceto Zigomicetos (PCM) esofagica,
glabrata baixa - Esporotricose - Infecc¢do fungica
susceptibilidade) Candidiase refrataria e
-Criptococose. Criptococose profilaxia
-Profilaxia
Efeito Fungistatico -Fungistatico: Fungistatico Fungicida para:
antifungico Candida spp. ¢ - Candida spp.,
Cryptococcus spp. - Cryptococcus
-Fungicida: spp.,
Aspergillus spp. -Aspergillus spp.
Caracteristicas -Bem tolerada Farmacocinética - pH estomacal — - pH estomacal —
relevantes -Possivel semelhante ao influencia na absor¢ao influencia na
hepatotoxicidade fluconazol - Nao passa pela absor¢ao
barreira - Nao passa pela
hematoencefalica barreira

hematoencefalica




Novos triazdis

CI

Albaconazol

Ravuconazol




Candida Cryptococcus Aspergillus Fusarium  Zigomicetos

Flu ++ +++ - - -
Itra ++ ++ +++ - -
Vori | +++ +++ +++ ++ -
Posa | +++ +++ +++ ++ ++
Isav | +++ +++ +++ + +




Antifungicos que agem na sintese da
parede celular

Parede celular

e Equinocandinas

- Caspofungina
- Micafungina

- Anidulafungina
- Aminocandina*
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Agentes lipopeptidio: peptidio ciclico + cadeia de acido graxo
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Inibidores nao-competitivos

-
Anidulafungin Caspofungin Micafungin

Cadeia de glucana em
desenvolvimento

Sitio de ligagdao GTP : UDP-glicose

TRENDS in Microbiclogy

Odds et al. TRENDS in Microbiology, 11: 272-279, 2003.




Reducao de p(1,3)-glucana
na parede celular
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Inibicdo da sintese de

®e 8(1,3)-glucana

Perda da integridade da parede celular
Fragilidade Osmoatica

Efeito fungicida



Ativos contra:

Aspergillus

Candida spp. - fungicida
e Aspergillus spp. - fungistatico

Indicacao: candidiase esofagica,
candidemia, candidiase invasiva,
Aspergilose invasiva refrataria a outros
antifungicos

Bowman et al. Antimicrob Agent Chemother
2002;46:3001-12

Via de administracao IV uma vez por dia.
Pouca interacido com outras drogas
Efeitos adversos: gastrointestinais
Nao apresenta resisténcia cruzada os agentes azolicos

Caspofungina, Anidulafungina e Micafungina - Sao
similares - eficacia e seguranca



Antifiungico que inibe a sintese de
acidos nucléicos

* Analogos de Pirimidina
- 5- Flucitosina (5-FC)




Fluorcitosina
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Inibig3o da Sintese de DNA Inibigao da Sintese de RNA
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ﬂ/ Sintetizada em 1957 como agente anti-tumoral
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5-fluorcitosina

1962 — atividade antifungica

e Administracao oral e intravenosa

e Espectro de acao restrito (C. neoformans e Candida sp.)
Monoterapia Limitada

Usada em combinacao com Anfotericina B e fluconazol

e Resisténcia desenvolvida rapidamente durante o
tratamento

e Resisténcia: Mutacao da citosina permease e citosina
deaminase






Resisténcia: capacidade do microrganismo em
crescer em concentracoes plasmaticas do antifungico.

Sensibilidade: quando nao crescem nessas
concentracgoes.

CIM: menor concentracao do antifungico necessaria
para inibir o crescimento fungico (ng/mL)

CFM: menor concentracao do antifungico necessaria
para matar o fungo (ng/mL)
Fungicida x Fungistatico



b =

&9

- — = A~ —_~ —~ N - A~ — ~ —_
- S~ P -
- . —— A A A 2 A A A B A A A _

“ O antimicrobiano nao induz a resisténcia”

O que ocorre é a Selecao natural de
microrganismos resistentes ao
antimicrobiano”

“"A resisténcia microbiana reflete o principio
evolutivo de que os organismos se
adaptam geneticamente a mudangas no
seu meio ambiente”



Resisténcia clinica

Local da infecgao

Diagnodstico errado da doenca

Tratamento errado

Farmacocinética desfavoravel

Dificuldade do paciente de se aderir ao tratamento

Resisténcia microbioldgica - relacionada com
caracteristicas do fungo

Primaria = Intrinsica (C. krusei ao fluconazol)
Secundaria = Extrinsica (C. albicans ao fluconazol)



Diagnostico correto e tratamento adequado
Evitar o uso indiscriminado de antifungicos
Utilizar dosagens adequadas e suficientes
Utilizar associacao de drogas

Mudar tao logo de antifungico quando se observa que o
fungo possui sinais de resisténcia

Fazer teste de susceptibilidade a droga quando necessario



Mecanismos de resisténcia aos

antifangicos




Antifungicos

Membrana plasmatica
Poliénicos
Azoéis
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« Diminuicao da quantidade de ergosterol

 Acumulo de outro esterol, diferente de ergosterol, com baixa
afinidade pelos poliénicos.

Resisténcia intrinsica: C. lusitaniae
Resisténcia secundaria: C. albicans, C. tropicalis, C. glabrata e C. krusei e
outros

Resisténcia é rara.

Resisténcia Candida spp. CIM>1ug/mL
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Mecanismos de resisténcia aos azois

Mutacao do gene ERG 11 (C14-a- lanosterol demetilase)

Point mutation of
ERG-11 gene
e

Cytochrome
P450

lanosterol ergosterol




Aumento da expressao da C14-u- lanosterol demetilase

Overexpression
of ERG-11 gene

| terol Cytochrome terol
anostero P450 ergostero




Aumento de bombas de efluxo
SUSCEPTIBLE

Azoles
CDRs @ MDR
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RESISTANT

Azoles




C. parapsilosis — menor
suscetibilidade

Cadeia de glucana em
desenvolvimento

Aumento dos casos de
resisténcia (~14% para C.

glabrata)-dados de 2014 CO000C0O0 | %@OOOO
. g
Mecanismos: OOOCDO0 OO0 OO000
Mutacdo no gene FKS1p
(B 1,3 glucana sintetase) X
Bomba de e.ﬂuxo CDRl e GTP binding site UDP-glucose e

CDR2 (C. glabrata)



[ )

Uso de antifiingicos como
conservantes de alimentos, cosméticos
e na producao animal

Uso de agentes azdélicos na agricultura

Exemplos: epoxiconazol, triadimenol, propiconazol,
protioconazol, meticonazol, ciproconazol, tebuconazal,
(flusilazol, paclobutrazol, entre outros.

Uso no controle de pragas, principalmente causadas por
fitopatogenos (ex.: Septoria tritici e Gibberella zeae)

Existe relacao entre a utilizacao de fungicidas na
agricultura na selecao de fungos patoégenos
humanos resistentes aos agentes azélicos?



https://en.wikipedia.org/wiki/Septoria_tritici
https://en.wikipedia.org/wiki/Gibberella_zeae

INFECTIOUS DISEASES

Special Report:
Science and the Stimulus

Farm Fungicides Linked to Resistance in a Human Pathogen

A team of Dutch researchers has reignited a
debate on the agricultural use of fungicides
with a review in the December issue of The
Lancet Infectious Diseases. The authors main-
tain that the massive use of fungicides to pro-
tect European orchards, vineyards, and grain
fields may be contributing to resistance against
drugs used to treat people with life-threatening
infections of Aspergillus fimigatus. Although
the overuse of antibiotics in animal husbandry
is known to have caused resistance in the
human population,
this would be the first
time a similar link is
found between farm
use of fungicides and
human health.

If true, the authors
warn ominously, that
“confronts us with a
mjm chall v, ““h
worldwide dimen-
sions.” But Herbert
Hof. director of the Institute for Medical
Microbiology at the University of Heidelberg
in Germany, accuses them of crying wolf, say-
ing the paper amounts to “publicity secking™ by
frightening the public “in the way horror films
do.” The group does have its supporters,
however. David Denning of the University
of Manchester, who heads the United King-
dom’s National Aspergillosis Centre, says
“they have a very strong case.” The leader of
the team, Paul Verweij of Radboud University
Nijmegen Medical Centre in the Netherlands,
concedes that they haven't yet clinched the
» case, but he says enough evidence has accumu-
lated to issue a warning.

Deadly mold. Invasive
Aspergillus fumigatus
infections can be fatal.

Farmers’ friend. Azoles are used to protect a wide
variety of crops from fungi.

CRECITS (TOF TOBOTT OMc COC; HENRY ARDEN/GET TY IMA

www.sciencemag.org SCIENCE

A. fumigatus causes infections, sometimes
fatal, primarily in people with compromised
immune systems and certain diseases, such as
chronic obstructive pulmonary disease.
Patients are thought to become infected when
they inhale spores of the fungus, which are
ubiquitous in soil. Drugs of a class called azoles
are doctors” mainstay, and resistance has long
been known to crop up in individual patients.
The mutations in the fungus that cause the
resistance usually differ from one patient to the
next; in a paper published in July, for instance,
Denning's team reported finding 18 different
mutations in an Aspergillus gene called cyp5 14
in 30 patients in the United Kingdom.

But Verweij’s team has found something
strange in resistant Aspergillus strains in the
Netherlands: In 94% of the isolates from his
own hospital and 69% of those from other
Dutch hospitals, the resistance was caused by
a single pair of mutations—a point mutation
in cyp5 14 and a so-called tandem repeat in
the gene's promoter. To Verweij, that similar-
ity points to a new scenario: that all the
patients breathed in spores that were already
resistant. That’s why he believes there’s an
environmental cause.

Azoles are used to ward off a range of plant
pathogens and are applied on 50% of Europe’s
grain and grape acreage, says plant pathologist
Gert Kema of Wageningen University in the
Netherlands, a co-author of the paper. Much
smaller amounts are used in the United States,
where farming is less-intensive and spraying is
less cost-effective. But the compounds are pop-
ular in other parts of the world as well, he says.

The risk that heavy agricultural use of
azoles might lead to resistance problems in
people has been debated for years. In 2002, an
expert panel for the European Commission
concluded that it was unlikely. But since then,
the evidence has been building, Verweij says.
The resistant fungus found in patients is also
resistant to certain agricultural fungicides,
which is suggestive of a link. And in a paper
published in June, his group showed that resist-
ant Aspergillus could be isolated from soil in
flower beds close to hospitals and in commer-
cial compost, leaves, and seeds bought ata gar-
den center. Thirteen of 15 of these environ-
mental samples also had the two mutations
seen in clinical isolates.

In an e-mail to Science, Hof called the
authors “prejudiced™ and said resistance in
fungi is unlikely to become a major public
health problem because unlike bacteria, fungi
don’t swap resistance genes. Dominique
Sanglard of the University Hospital in Lau-
sanne, Switzerland, on the other hand, says
the Dutch researchers seem to be on to some-
thing real, although many questions remain.
A key step is to show that one or more of the
azole fungicides—at least 30 of them are on
the market—can actually trigger the muta-
tions in A. fumigatus seen in hospitals, says
And what if the link 1s proven? Verwes) says
a ban on certain fungicides could be an option.
The team has been talking to several fungicide
producers, and “they aren’t very keen on study-
ing this further” he says. A spokesperson for
Syngenta, a major azole fungicide producer,
says that resistance may have arisen in other

ways—such as azole use in cosmetics—and
that the company is “not convinced™ of a

VOL 326 27 NOVEMBER 2009
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Uso abusivo de azdis na agricultur.
pode levar a selecido de cepas de
fungos resistentes.

Problema de saude publica.

Downloaded from www.sciencemag.org on September 11, 2015

E se essa relagao for provada

1173



Country (Year of publication)

Netherlands (2007)
. Spain (2008)

. United kingdom (2009)
. Denmark(2010)
China (2011)
Belgium (2011)

. France (2012)
India (2012)
Germany (2012)
Iran (2013)

. Austria (2013)
Italy (2013)

Source

® TR;,/L98H Clinical
® TR;4/L98H Environmental

B TR,/L98H Clinical
m TR, /L98H Environmental

FXSTTomMmMoNmy

Figure 2. A global map depicting geographic distribution of multi-triazole-resistant clinical (red) and environmental (green)
illus fumigatus strains carrying the TR34/L98H (circle) and the TRss/Y121F/T289A mutations (square). Countrywide prevalence
rates (%) of A. fumigatus carrying TR3/L98H are presented excepting the United Kingdom, where overall azole resistance is illustrated. The percent in
parentheses denotes environmental prevalence rates.
doi:10.1371/journal.ppat.1003633.g002
Chowdhary et al. Emergence of AzoleResistant Aspergillus fumigatus Strains due to Agricultural Azole Use Creates an Increasing Threat to Human

Health. PLoS Pathog 9(10): e1003633, 2013.
Gisi. Assessment of selection and resistance risk for demethylation inhibitor fungicides in Aspergillus fumigatus in agriculture and medicine: a critical

review. Pest Manag Sci; 70: 352-364, 2014.
\_ Berger S, et al. Azole Resistance in Aspergillus fumigatus: A Consequence of Antifungal Use in Agriculture? Front. Microbiol. 8:1024, 2017. J
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Como saber se um microrganismo é resistente
ou sensivel a uma droga?

M27-A3
Vol 28 Ne. 14

Replaces M27-A2 2 9N
Reference Method for Broth Dilution = com .tes

Antifungal Susceptibility Testing of Yeasts; . ~ . . .
Approved Standard—Third Edition + O rganiZagoes In ternacionais /

interdisciplinares e
educacionais que promovem
o desenvolvimento e a ampla
utilizacao de normas e
procedimentos laboratoriais
padronizados.

This document addresses the selection and preparation of antifungal agents; implementation

and interpretation of test procedures; and quality control requirements for susceptibility
ing of that cause invasive infections.

A standard for global application developed through the Clinical and Laboratory Standards
Institute CONSENsUS Process.

CLINICAL AND
LABORATORY
STANDARDS
INSTITUTE"

(Pormey NCCL
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Testes de susceptibilidade “in vitro”

Método de difusao em agar

Metodo de diluicao em caldo
- Macrodiluicao
- Microdiluicao

Metodologia do E teste

Métodos automatizados



Difusao em agar

Técnica de difusao em agar- Documento 44-A2 (CLSI, 2008).
Candida spp.

1. Suspenséao fungica: 1-5 x 10° UFC/mL
2. Agar Muller-Hinton
2. Discos de papel impregnados com antifungicos:

Fluconazol - 40 ug




E teSte® "= bioMérieux

Figure 1
Fluconazole (FL): change of morphology at endpoint. MIC, 48 mg/litre;
itraconazole (IT): sharp end point. MIC, 0.5 mg/litre.


http://www.rapidmicrobiology.com/Companies/3184.php

Diluicao em caldo

Técnica de diluicao em caldo
Leveduras - documento M60 (CLSI, 2017) e documento E.DEF. 7.3.1 (Eucast, 2017)

F1lamentoso — documento M38-A2 - cLst, 2008
e CIM — inibigdo de 50% e 90% do crescimento fungico

ETETEY R § 10 AN

Macrodiluicao Microdiluicao



Automacao

Identificacao e testes de susceptibilidade e resisténcia

®‘
V‘

°
Vlte k 2 http://www.biomerieux.com.br/



http://www.biomerieux.com.br/



Sensititre YeastOne (TREK Diagnostic
Systems)
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