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1. JUSTIFICACIO.

Els avengos que han experimentat tots els camps de la medicina en els darrers
20 anys han influit de forma notable en els tipus de malalts que sén atesos als centres
hospitalaris, sobre tot en hospitals de tercer nivell. L’aplicacié de noves tecnologies o
actituds terapéutiques com el trasplantament de medul.la ossia o d’organ solid i la
utilitzacié d’agents quimioterapics han esdevingut cada cop més freqiients. A més a
més, factors com la millora en I’atencié dels malalts ingressats en unitats de cures
intensives, la nutricié parenteral, I’hemodialisi o els antibidtics d’ampli espectre han
contribuit de forma clara i favorable al tractament dels pacients en situacions
critiques. Aix0 perd, té una contrapartida negativa que es tradueix en la preséncia
d’un major nombre de malalts hospitalitzats amb un compromis immunitari evident o
amb patologies de base molt greus. Considerats com un conjunt, aquests tipus de
pacients constitueixen una poblacid altament susceptible a patir una infeccid
nosocomial que pot estar causada per diversos microorganismes entre els que cal
incloure els fongs. Les infeccions filngiques en aquests malalts sén sovint severes,
rapidament progressives i generalment, hi ha certes dificultats per arribar al seu

diagnostic o realitzar un tractament adequat.

En la década dels 80 ja es va fer evident que la freqiiencia amb la que els fongs
estaven implicats com agents etiologics de diverses infeccions intrahospitalaries era
cada cop més important (Harvey and Myers, 1987; Bodey, 1988; Anaissie and
Bodey, 1989). Entre el 1980 i 1990, les dades proporcionades pels CDC (Centers for
Disease Control) a través del sistema NNIS (National Nosocomial Infections
Surveillance) indicaven un increment en la proporcié d’infeccions nosocomials
fingiques de 2 a 3.8 per 1000 altes (Beck-Sague et al, 1993). Aquest augment era
evident no tant sols en fungémies (5.4% a 9.9%) sino també en pneumonies,

infeccions urinaries o de la ferida quirirgica. En una analisi sobre 'increment dels
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agents patogens implicats en diversos hospitals dels EEUU, es va apreciar un
augment en la proporcié d’infeccions nosocomials degudes a Candida spp que va
passar d’un 2% el 1980 a un 5% el 1986, xifra que es va mantenir fins el 1989
(Schaberg et al). Dades de diversos hospitals del NNIS dels anys 1990 a 1992 van
situar a Candida albicans en el seté lloc entre els agents patdgens responsables
d’infeccions nosocomials (Emori and Gaynes, 1993). En diversos estudis de
candidemia realitzats en aquelles dates, la mortalitat crua estimada atribuible a
aquesta infeccié se situava en un 50-60% i aproximadament un ter¢ dels malalts
morien com a conseqiiencia de la candidemia (Karabinis et al, 1988; Wey et al, 1988;

Bross et al, 1989; Kosmian et al, 1989).

Les infeccions nosocomials per Aspergillus spp, sobre tot A. fumigatus i A.
flavus, s’han convertit en una complicacié temible en els malalts amb
immunodepressié severa ja sigui com a conseqiiéncia d’un trasplantament de
medul.]a dssia o d’drgan solid o per rebre corticoterapia (Anaissie and Bodey, 1989;
Bodey, 1988; Rhame, 1991). Tot i que les dades del sistema NNIS indicaven que
només un 1.3% de les infeccions nosocomials fingiques comunicades entre 1980 i
1990 eren atribuibles a Aspergillus spp (Beck-Sague et al, 1993), la incidéncia era
probablement més alta en arees especialitzades. Aixi, en un estudi realitzat en una
unitat de trasplantament de medul.la dssia es va aillar Aspergillus spp en el 36% dels

malalts amb pneumonia nosocomial (Pannuti et al, 1991)

Treballs publicats en els darrers 10 anys també constaten una tendéncia creixent
a ’augment de les infeccions fiingiques invasives (Fridkin and Jarvis, 1996; Kao et
al, 1999; Rees et al, 1999). En un estudi realitzat als EEUU on s’analitzen les causes
de mort declarades en els certificats de defuncié entre 1980 i 1997 es comunica un
augment (3.7 vegades superior) en el nombre de morts directament relacionades o
que va precipitar, I’existéncia d’una micosi invasiva (McNeil et al, 2001). El nombre

de candidiasis invasiva, si no considerem els malalts amb la SIDA, va augmentar de
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forma progressiva des de 1980 fins al 1989, i a partir d’aquest any va anar disminuint
de forma paulatina, probablement relacionat amb la utilitzacié de pautes de profilaxi
i/o tractament de farmacs antifiingics de la familia dels azols. En una comunicacié
recent (Blumberg et al, 2001) en la que s’analitzaven els factors de risc per
desenvolupar una candidemia en els malalts ingressats en unitats de cures intensives
quirirgiques, es va registrar una incidéncia de candidemia de 9.82 per 1000
admissions amb una mortalitat del 41%. En els malalts que no van patir aquesta
complicacio, la mortalitat va ser del 8%. En el treball de de McNeil i cols (McNeil et
al, 2001), el nombre de morts atribuibles a infeccions per Aspergillus spp i altres
fongs (si s’exceptua Candida spp) va créixer de forma quasi exponencial assolint
valors del 375% i 329% respectivament, sobre les xifres inicials. En un estudi
epidemiologic realitzat en un grup ampli de malalts que van rebre un trasplantament
al.logeénic de progenitors de medul.la Ossia (TPH) també es va constatar una
incidéncia creixent d’infeccid per Aspergillus spp (Wald et al, 1997). Aquest tipus
d’infeccions tenen una elevada mortalitat, entre un 99% 1 un 86% en cas d’infeccid
pulmonar i cerebral, respectivament (Denning, 1996). Una publicacié més recént (Lin
et al, 2001) realitzada amb casos diagnosticats entre 1995 i 1999 comunica una
mortalitat del 88.1% en I’aspergillosi diseminada o amb afectacié del sistema nervids
central i del 86.7% en els malalts amb un TPH.

El 90% de totes les infeccions fiingiques nosocomials estan produides per
espécies dels geéneres Candida i Aspergillus (Warnock, 1998). Hi ha pero diversos
_fets que cal tenir present en el moment de considerar aquests tipus d’infeccions. La
mortalitat atribuible a una candidiasi invasiva, malgrat el tractament, segueix sent
elevada. Tot i que Candida albicans és ’especie que amb més freqiiéncia esta
implicada en les infeccions nosocomials, hi ha evidéncies d’un canvi cap a altres
especies com C. tropicalis, C. parapsilosis, C. glabrata i C. krusei (Wingard, 1995;
Pfaller, 1996; Coleman et al, 1998). Algunes d’aquestes especies sén menys sensibles

_als antifingics habituals i per tant, en dificulten el tractament. La mortalitat per
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aspergil.losi en malalts immunodeprimits encara és més elevada que en la candidiasi
sistémica i el pronostic de la malaltia en aquests pacients és dolent, probablement més
per la situacié immunitaria del malalt que no pas pel tractament amb amfotericina B
(Lin et al, 2001). Finalment, diversos tipus de fongs menys habituals fins ara, s’aillen
cada cop amb més freqiiencia en infeccions fiingiques invasives: Rhizopus spp,
Fusarium spp, Scedosporium spp, Acremonium spp i fongs dematiacis (Gamis et al,
1991; Annaissie, 1992; Van den Saffele and Boelaert, 1996; Perfect and Schell,
1996).

L’increment experimentat en el nombre d’infeccions nosocomials fingiques ha
comportat, de forma parallela, un augment en el nombre de comunicacions
cientifiques que descriuen diferents brots epidemics nosocomials causats per fongs
(Fridkin and Jarvis, 1996). Es obvi que el focus d’origen o el mecanisme de
transmissié pot ser molt diferent d’un brot a I’altre segons les caracteristiques de
’agent implicat. A més a més, per determinar la causa d’un brot epidémic concret i
poder adoptar les mesures de control més adients per aturar-lo, és fonamental
conéixer la fisiopatologia del fong implicat. Perd, tal com ha passat amb les
infeccions bacterianes, a mesura que aprofondim en I’epidemiologia d’una
determinada infeccid fingica, i per extensid, la dels brots epidémics, es fa cada cop
més evident la necessitat d’utilitzar una determinada metodologia que ens ajudi a
aval.luar les trovalles obtingudes. L’aplicacié de metodes moleculars per compendre
millor I’epidemiologia de les infeccions fingiques i la conseguent tipificacié dels
fongs implicats ha experimentat un impuls notable en els darrers 10 anys. Tot i els
diversos meétodes existents, no hi ha perd, un meétode considerat “estandard” i
I’el.leccié d’un o altre dependra de les preguntes plantejades 1 les posibilitats de cada
centre (Soll, 2000).




F.Marco ' Justificacid

Per tot el comentat anterioment, és obvi que la millora en el pronostic de les
infeccions fiingiques, sobre tot en malalts amb immunosupressid, és un objectiu que
cal assolir el més aviat posible. Aquest objectiu es pot abordar des de diferents punts
de vista. Aixi, en la practica diaria hi ha dues opcions que semblen clares: avangar en
les técniques de diagnodstic precog d’aquestes infeccions i la introduccié en el
tractament de nous antifiingics que millorin ’activitat, tolerancia i seguretat dels
antifingics actuals. Hi ha per¢ altres possibilitats que també cal estudiar per
aconseguir 1’objectiu que hem comentat. Algunes s6n necessaries com a pas previ a
les opcions anteriors i altres simplement les complementen En aquesta tesi hem
centrat el nostre treball en un aspecte més basic i inicial com és la valoracié de
’activitat in vitro de nous antifingics sobre fongs patogens prevalents amb la finalitat
d’esbrinar les seves possibilitats com a farmacs potencialment 1tils en el tractament
de les infeccions fiingiques. A més a més, hi ha un segon aspecte que també ha estat
objecte d’analisi com és 1’aplicacié de la sonda semirepetitiva Ca3 a I'estudi de les

infeccions nosocomials per Candida albicans.
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II. INTRODUCCIO.

1. Caracteristiques generals dels fongs.

Els fongs son organismes eucariotes, uni o pluricel.lulars, dotats d’una paret
cel.lular amb quitina, heterotrofs, que es nutreixen per absorcié i amb una
reproduccié sexual o asexual que déna lloc a la formacié d’espores. Una forma
classica i senzilla d’estudiar els fongs d’interés médic és dividir-los segons la seva
morfologia en fongs filamentosos i llevats. Els primers sén microorganismes
pluricel.lulars constituits per unes estructures tubulars o hifes que creixen per
prolongacié apical fins a formar el micel.li. Els llevats sén unicel.lulars amb una
morfologia ovoidea, esferica o cilindrica. En realitat, els llevats no son tant diferents
de les hifes i no representen més que una forma de creixement. De fet, hi ha fongs
que segons les condicions ambientals canvien de la forma d’hifa a llevat i viceversa

(fongs dimorfics).

Des d’un punt de vista taxonomic, els fongs constitueixen el regne Fungi
(Eumycota) completament diferenciat dels regnes animal, vegetal, protista i
procariota (Monera). L’estudi i classificacié taxonomica dels fongs €s un camp en
continua evolucio. Fins no fa gaire els fongs es dividien en sis grups o Filum segons
les seves caracteristiques: Chytridiomycota, Zygomycota, Ascomycota,
Deuteromycota, Basidiomycota i OQomycota (Alexopoulos et al, 1996). Recentment,
estudis filogenétics moleculars han reduit el nombre de grups del regne Eumycota a
quatre: Chytridiomycota, Zygomycota, Ascomycota i Basidiomycota (Guarro et al,
1999). Es creu que hi ha descrites més de 100.000 espécies de fongs, perd poc més
d’unes 100 poden produir algun tipus de patologia en humans. La taula 1 (modificada
de Alexopoulos et al, 1996 i Guarro et al, 1999) conté de forma resumida els grups

més importants en patologia humana i alguns dels generes mes representatius.
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formacié d’esferoplats. Es comporta com una interfase que protegeix al fong del medi
ambient, evita la lisi osmotica i actia de filtre de molécules. A més a més, intervé en
diverses funcions fisiologiques i pot manifestar propietats antigéniques. L’analisi
quimica de la paret cel.lular revela un predomini de polisacarids, quantitats menors de
proteines i encara menys lipids. Tot i que la composicié de la paret pot variar segons
el tipus de fong i fins i tot, la fase del cicle de creixement, els polisacarids més
importants son la quitina, glucans (polimers de glucosa) i manans (manoproteines).
La quitina estd formada per homopolimers de N-acetilglucosamina que son
sintetitzats per quitina sintases a partir de UDP-N-acetilglucosamida afegin dos
sucres. Forma unes microfibres que actuen com un esquelet que utilitzaran altres
components per unirse i formar la paret. En molts fongs, els glucans més importants
sén o-(1,3)-, B(1,3)- i B(1,6)- gluca. El B(1,3)-D-gluca es sintetitza a partir d’UDP-
glucosa per ’enzim f(1,3)-D-gluca sintasa (lligat a la membrana plasmatica com la
quitina sintasa) i que s’uneix a la cél.lula a través d’un componet fibrilar de quitina.
Els manans sén glicoproteines que constitueixen el major component de la capa
externa de la paret. Estan formats per complexes cadenes de polisacarids de manosa
units a proteines per residus de N-acetilglucosamida (Debono, 1994; Gooday, 1995).
En alguns llevats, com Cryptococcus neoformans, la paret pot estar envoltada per una
capsula de polisacarids que actia enmascarant components antigénics i evita la

fagocitosi per cél.lules nucleades.

Sintesi de proteines. La sintesi de proteines en els fongs no difereix en gran
mesura de la que es produeix en les ceéllules eucariotes. Hi ha tres factors
d’elongacio, perd cal citar ’existéncia de dues diferéncies importants que poden ser
d’utilitat. Una primera radica en el fet que el factor d’elongaci6 3 (EF3) és propi dels
fongs i no es troba en les céllules dels mamifers. La segona consisteix en

I’observacié que el factor d’elongacié 2 (EF2) és funcionalment diferent del seu

equivalent en les cel.lules humanes.

10
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2. Farmacs antifiingics d’as sistémic.

Amb I’excepcid de la fluorocitosina, el antifingics que fins recentment podiem
utilitzar per a tractar una micosi sistémica actuen sobre 1’ergosterol ja sigui de forma
directa com I’amfotericina B o be inhibint-ne la seva sintesi, com els compostos
azolics (Kerridge, 1988; Geogopapadakou and Walsh, 1998; Ghannoum and Rice,
1999). L’ergosterol, ’esterol més important de la membrana plasmatica fiingica,
intervé en una varietat important de funcions cel.lulars. El seu paper és fonamental
per mantenir ’integritat de la membrana 1 el funcionament correcte de molts enzims
lligats a la membrana com la quitina sintasa, la qual és imprescinible per a la divisi6 i
creixement cel.lular. Hi ha altres antifiingics, com les alilamines, les bencilamines i
els tiocarbamats, que també interfereixen la sintesi de 1’ergosterol si bé ho fan en un
lloc diferent d’on actiien els azols. La fluorocitosina és un analeg de la pirimidina que
un cop a l’interior de la cél.lula actia interferint-ne la sintesi de I’ ARN i ADN

(Ghannoum and Rice, 1999; Andriole, 1999).

En els dltims anys s’han dedicat grans esforgos al desenvolupament de nous
antifiingics. La industria farmacéutica ha intentat, per una part, millorar el compostos
existents (per ex, amfotericina B lipidica, itraconazol amb ciclodextrina) i per una
altra, sintetitzar nous farmacs derivats de mol.lécules existents (per ex, nous derivats
azolics). A aquestes linies de recerca s’han sumat en els darrers anys, dues noves
estrategies completament diferents. Una d’elles es fonamenta en la recerca de farmacs
inhibidors de la sintesi proteica, com les sordarines (Dominguez et al, 1998). Una
segona linia, “a priori” més prometedora, s’ha dirigit a la recerca de compostos que
interfereixen la formaci6 o funcié dels diferent polimers que constitueixen la paret
fingica. Dintre d’aquest grup, si bé s’han descobert diverses molécules com

pradimicines, benanomicines, polioxines i nikkomicines, el grup de farmacs més

11
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rellevants és el constituit per les equinocandines (Debono and Gordee, 1994;

Geogopapadakou, 2001; Walsh and Giri, 1997).

2.1.Antiftngics de la familia dels poliens.

Les dues molécules més importants que formen part de la familia dels poliens
sOn la nistatina i I’amfotericina B. Des de la seva introduccié fa més de 40 anys fins a
P’actualitat, I’amfotericina B segueix sent 1’antifungic estandard per a tractar moltes
infeccions fingiques invasores. En la seva versid clasica (desoxicolat) manifesta una
relativa afinitat pel colesterol de les celules humanes, que explicaria la toxicitat sobre
el tubul renal 1 és un potent inductor de la sintesi del factor de necrosi tumoral i
interleucina-1 per les cél.lules mononuclears, a la que caldria atribuir ’aparicié de
febre i escalfrets relacionats amb 1’administracié intravenosa (Goodwin et al, 1995).
Per intentar minimitzar o reduir aquests efectes indesitjables s’han desenvolupat en
els dltims anys les formulacions que incorporen I’amfotericina B a liposomes
unilamelars o a complexos lipidics (Wong-Beringer et al, 1998). En fase d’aval.luacié
clinica hi ha una preparacié liposémica de nistatina que ha demostrat ser util en

models animals experimentals (Wallace et al, 1997; Johnson et al, 1998).

Mecanisme d’accié.

Els antifiingics de la familia dels poliens, com I’amfotericina B i la nistatina,
sén compostos amfipatics que actuen a nivell de les membranes cel.lulars que
contenen ergosterol. Es creu que aquests farmacs s’intercalen en la membrana
formant uns canals o porus que utilitzen diversos components cel.lulars, sobre tot ions
potasi, per sortir a I’exterior amb la qual cosa s’altera el gradient de protons de la
membrana que condueix a la mort cel.lular (Ghannoum and Rice, 1999). En el cas
concret de ’amfotericina B, un poli¢ de gran tamany, s’ha propossat que la interacci6

amb la membrana cel.lular es deguda a canals o porus aquosos formats per una

12
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estructura anular de 8 molécules de I’antifingic unides amb enllacos hidrofobics a
Pergosterol (Holz, 1974; Ghannoum and Rice, 1999). No es coneix molt b¢ perque
els poliens tenen aquesta especificitat per les membranes amb ergosterol. S’ha
suggerit que podria estar relacionada amb la compossicié d’acids greixosos dels

fosfolipids i la relacié esterol-fosfolipids (Vanden Bossche et al, 1994).

Un altre possible mecanisme d’accié de ’amfotericina B seria que el farmac
fora el responsable d’un efecte oxidatiu sobre la membrana plasmatica fingica
(Vanden Bossche et al, 1987; Vanden Bossche et al, 1994), encara que també s’ha

suggerit que in vivo produiria I’efecte contrari, antioxidant (Osaka et al, 1997).

L’amfotericina B té un espectre d’activitat ampli que abarca la major part dels
agents implicats en micosis sistémiques, incloent-hi les espécies que integren els tres
géneres més freqiients: Candida spp, Cryptococcus spp 1 Aspergillus spp. Tot i que,
tal com es comentara després, la resistencia a ’amfotericina B és rara cal tenir en
compte aquesta posibilitat davant de 1’aillament de determinats tipus de fongs. S’ha
trobat resisténcia a aquest antifungic en Pseudallescheria boydii, Scedosporium spp,
Fusarium spp, Aspergillus terreus, alguns aillats d’Aspergillus flavus, Trichosporum
beigelli, Candida lusitaniae 1 Candida guilliermondii. En altres fongs com, C.
glabrata, C. krusei o C. neoformans, la deteccid de resisténcia és encara menys
freqiient (Dick et al, 1980; Walsh et al, 1990; Wingard et al, 1991; Karytakis et al
1993; Nguyen et al, 1998; Vanden Bossche et al, 1998; Ghannoum and Rice, 1999;
Kontoyiannis and Lewis, 2002).

Mecanisme de resisténcia.

Els mecanismes de resisténcia als poliens no han estat estudiats en detall
perque, malgrat la seva utilitzacié durant prop de 40 anys, la resisténcia a aquests
compostos és rara (White et al, 1998; Ghannoum and Rice, 1999). S’ha propossat una

possible hipotesi bioquimica (Hamilton-Miller, 1972) segons la qual, la resisténcia es
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deuria a canvis, quantitatius o qualitatius, en el contingut d’ergosterol de la cél.lula.
Aixo faria que la unié dels poliens a les cel.lules resistents (alteracié de 1’esterol) fora
menor que a les cel.lules sensibles. En C. albicans podria atribuirse a tres supoOsits
(Ghannoum and Rice, 1999): 1) descens en el contingut total d’ergosterol sense
canvis concomitants en la composicié de I’esterol, 2) substitucié de tots o d’alguns
esterols als que s’uneixens els poliens per uns altres als que no s’unirien bé, per
exemple: substitucid de 1’ergosterol, colesterol o estigmasterol per un 3-hidroxi o 3-
oxoesterol i 3) reorientacié o enmascarament de ’ergosterol de tal forma que la unié
als poliens sigui menys favorable. Les alteracions en el contingut d’ergosterol de la
membrana secundaris a mutacions en la via de la biosintesi de I’ergosterol sembla ser
el mecanisme de resisténcia als poliens més probable en Candida spp (Dick el at,
1980). Per una altra banda, la deficiencia d’ergosterol en les cé¢l.lules mutants no
sembla que comporti cap avantatge evolutiu i podria explicar 1a manca de seleccio in
vivo (Polak and Hartman, 1991). En Cryptococcus spp la resisténcia (infrequent) a
I’amfotericina B es deuria a mutacions en la via de la biosintesi de 1’ergosterol amb

una deficient A-8-7-isomerasa (Perfect and Cox, 1999).

2.2.Antifangics Azolics.

En D’actualitat, els compostos azodlics constitueixen una familia d’antifingics
ampliament utilitzada en el tractament tant de micosis superficials com sistémiques.
La primera molécula de la familia (clormidazol), d’aplicacié tépica, es va
comercialitzar als EEUU P’any 1958. Onze anys després van comengar a utilitzar-se
el miconazol i el clotrimazol. Poc després (1974) va introduir-se el econazol i, a finals
de la década dels 70, es va dispossar d’una formulacié parenteral de miconazol. Als
anys 80, I’nic antifingic nou va ser el ketoconazol i, uns deu anys després, el
fluconazol i Yitraconazol van sumar-se als pocs antifingics disponibles per tractar

una micosi sistémica (Sheehan et al, 1999; Andriole, 1999).
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El fluconazol i I’itraconazol sén farmacs generalment ben tolerats. El primer
estd disponible per via oral i parenteral i el segon presenta problemes de
biodisponibilitat oral amb una absorcié erratica. Aquest inconvenient s’ha intentat
evitar solubilitzant-ne el farmac en ciclodextrina amb la qual cosa s’ha aconseguit
una formulacié per 1is intravenos i una sol.lucié oral que millora I’absorcié del farmac
(De Beule and Gestel, 2001). Es freqiient referir-se als compostos azdlics segons el
nombre de nitrdgens que conté 1’anell azolic. Els imidazols (ketoconazol, miconazol,
clotrimazol) en tenen dos i els triazols com fluconazol i itraconazol, tres. Els nous
compostos triazolics com voriconazol (UK-109,496), ravuconazol (BMS-207147,
ER-30346) i posaconazol (SCH 56592) son derivats del fluconazol, els dos primers, i

de I’itraconazol, el tercer.

Mecanisme d’accid.

Els antifiingics azolics interrumpeixen la sintesi de I’ergosterol a I’inhibir
I’enzim P-450 14-o esterol demetilasa (Hitchcock et al, 1990). La inhibicié d’aquest
enzim condueix a una disminucié de la quantitat d’ergosterol i a una acumulacid dels
seus precursors amb la formacié d’una membrana plasmatica alterada, tant pel que fa
a la seva estructura com per la seva funcié. En la figura 1 es resumeix la via
metabdlica de sintesi de I’ergosterol. En C. neoformans els triazols també afecten la
reduccié de obtusifoliona a obtusifoliol que produeix una acumulacié de precursors

d’esterol metilats (Vanden Bossche et al, 1993; Ghannoum et al, 1994).

El fluconazol i I’itraconazol sén antifiingics actius enfront de Candida spp (C.
krusei és intrisicament resistent al fluconazol i un percentatge important dels aillats
de C. glabrata tenen CMIs elevades), C. neoformans i Aspergillus spp (fluconazol és
resistent). El nous triazols tenen un espectre d’activitat més ampli que el dels seus

predecesors i, en linies generals, una activitat intrinseca superior.
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Mecanismes de resisténcia.

Hi ha diversos mecanismes que poden estar involucrats en la deteccié d’un
fenotip de resisténcia als antifingics azolics. Els més rellevants es podem agrupar en
dos grans grups.

1.- Modificacions en la via de la sintesi de Pergosterol. Aquest mecanisme de
resisténcia es fonamentaria basicament en la modificacié de la diana sobre la que
actuen els azols. La sintesi de I’enzim 14-a esterol demetilasa esta codificada per
I’enzim ERGI1 el qual podria experimentar diverses alteracions genétiques com una
mutacié puntual o una sobreexpressié (White al al, 1998; Ghannoum and Rice, 1999).
Aix0 es traduiria en una alteracié de la 14-a esterol demetilasa que no seria
reconeguda com a tal per P’antifingic o bé hi hauria una quantitat excessiva de
I’enzim (White, 1997; Sanglard et al, 1995; Marichal et al, 1997). Cal destacar que
I’enzim, tot i la seva modificacid, segueix sent activa i catalitza la demetilaci6. Les
alteracions en altres gens ERG, sobre tot el gen ERG3, que intervenen en la biosintesi
de ’ergosterol també podrien contribuir a la resisténcia als azols. La modificacié de
Penzim A-5-6-desaturasa (codificat pel gen ERG3) es traduiria en I’acumulacié de
14o-metil fecosterol en lloc d’ergosterol (Kelly et al, 1996; Kelly et al, 1997).

2.- Reduccio de I’acumulacié de I‘antifingic. La disminucié de ’acumulacid
dels azols a Dinterior de les cellules s’ha estudiat emprant farmacs, com el
fluconazol, marcats amb isotops radioactius. Aquests estudis han demostrat la
importancia de la resisténcia als antifingics azolics per un mecanisme de bombes
d’expulsié. Els fongs poden tenir dos tipus de bombes d’expulsi6: a) proteines de la
superfamilia MF (“major facilitator”) i b) proteines de la superfamilia ABC (“ATP
binding cassette). Els dos sistemes intervenen fisiologicament expulsant de I’interior
de la cél.lula diversos tipus de molecules (White al al, 1998; Ghannoum and Rice,
1999). Quan es produeix una sobreexpressié d’algunes de les proteines que en formen

part d’aquests sistemes es pot produir un augment de la resistencia als antifingics
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azolics. Dintre de la familia MF s’ha identificat el gen MDRI el qual codifica la
sintesi d’una proteina, MDR (“multidrug resistant”) o BEN-R, implicada en la
resisténcia a fluconazol, benomil i metotrexate. Les proteines de la familia ABC
implicades en la resisténcia als azols sén les codificades pels gens CDR (“Candida
drug resistance”). Una sobreexpressié0 d’aquestes proteines contribuiria a la

resisténcia de tots els antifiingics azolics (Parkinson et al, 1995; Sanglard et al, 1995).

Figura 1. Esquema de la biosintesi de 1’ergosterol.

Escualé
l escualé epoxidasa

Escualé-2,3-epoxid
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2.3. Alilamines.

La naftilina i la terbinafina, constituecixen la familia de les alilamines, una
classe de farmacs antifiingics que inhibeixen la sintesi de 1’ergosterol a un nivell
diferent d’on actuen els compostos azolics. S’utilitzen generalment per via topica en
el tractament de les dermatofitosi tot 1 que la terbinafina, disponible per via oral,
podria emprar-se en el tractament d’infeccions per Candida spp resistents als azols o

per fongs filamentosos amb dificultats terapeutiques (Ryder, 1999).

Mecanisme d’accio.

Les alilamines actuen en una etapa inicial de la sintesi de 1’ergosterol a ’inhibir
I’enzim escualé epoxidasa que catalitza la epoxidacié de ’escuale (Fig 1). La mort
cel.lular es produeix més per 1’acumulacié d’escuale que per la manca d’ergosterol ja
que nivells el.levats d’escuale incrementarien la permeabilitat de la membrana amb la

conseguent disrupcié de la organitzacid cel.lular (Ryder and Favre, 1997).

Mecanismes de resisténcia.
El mecanisme intrinsec de resisténcia a les alilamines no és coneix molt bé pero
' podria estar relacionat amb ’activitat de bombes d’expulsié com CDR1 (Sanglard et

al, 1996).

2.4. Fluoropirimidines.

Linic component component d’aquesta familia utilitzat en el tractament

d’infeccions fiingiques és la fluorocitosina.
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Mecanisme d’accio.

La fluorocitosina és un analeg de la pirimidina que penetra a I'interior de la
cél.lula amb P’ajut d’una citosina permeasa i que posteriorment es converteix per
desaminaci6 (citosina desaminasa) en 5-fluorouracil. En ultim terme, el fluorouracil
actuara interferint-ne la sintesi de I’ARN, ADN i proteines (Diasio et al, 1978; Polak
and Scholer, 1975).

L’espectre d’activitat de la fluorocitosina es reduit, limitat a Candida spp i
Cryptococcus spp. Té resisténcia primaria a practicament tots els fongs filamentosos i
hi ha un risc el.levat de desenvolupar resisténcies secundaries si s’utilitza com a

monoterapia.

Mecanismes de resisténcia.

La resisténcia a la fluorocitosina pot produir-se per disminucié de la penetracio
de l’antifungic a I’interior de la c¢l.lula (pérdua de I’activitat de 1’enzim permeasa) o
pérdua de P’activitat enzimatica responsable de la conversi6é en les mol.lecules que
interfereixen en la sintesi dels acids nucleics. Aquest segon mecanisme es

probablement el més important (Whelan, 1987; Whelan and Kerridge, 1984).
2.5. Antifungics que actien sobre la paret cel.lular.

La paret flingica és una estructura esencial per a la supervivéncia dels fongs que
estd intimament lligada a les fases de creixement 1 divissié cel.lular. Aquesta paret
esta composta per un complexe de proteines i policarbohidrats com glucans,
manoproteines i quitina’ que no estan represeﬁtats en les céllules humanes. Els
components estructurals més importants son els glucans, sobre tot el (1,3)-B-D-gluca
sintetitzat a partir de UDP-glucosa per ’enzim (1,3)-f-D-gluca sintasa (Debono and
Gordee, 1994). Tot i qué s’han desenvolupat farmacs amb activitat sobre D-manosids

(pradimicines i benanomicines) o quitina (polioxines i nikkomicines), el grup
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farmacologic més prometedor és el dels inhibidors de la (1,3)-B-D-gluca sintasa, com -
les equinocandines i les papulacandines (Debono and Gordee, 1994; Gooday, 1995;
Denning, 1997; Kurtz and Douglas, 1997; Georgopapadakou, 2001). Aquest Gltim
grup probablement no continuara el seu desenvolupament perque el seu espectre
d’activitat in vitro estd limitat a Candida spp i no s’ha observat una bona correlacié

entre les dades obtingudes in vitro i resposta in vivo.
2.5.1. Equinocandines

Les equinocandines sén lipopéptids ciclics units a través d’un nitrogen a una
cadena lateral lipidica. El primer membre d’aquest grups de farmacs, la cilofungina,
només tenia activitat sobre Candida spp. Modificacions posteriors de 1’estructura han
conduit a una nova generacié d’equinocandines semisintetiques amb un increment de
la poténcia i el espectre d’activitat aixi com unes caracteristiques farmacocinetiques
més favorables. De les tres molécules més desenvolupades, la caspofungina (MK-
0991, 1L-743-872) s’ha comercialitzat recentment. Les altres dues, 1’anidulofungina
(LY-303366) i la micafungina (FK 463) estan en fase d’aval.luaci6. L’espectre
d’activitat d’aquests antifingics abarca les diferents espécies de Candida (C.
parapsilosis presenta CMIs més elevades), Aspergillus spp, altres fongs filmentosos i

Pneumocystis carinii. No son actius sobre Cryptococcus neoformans.

Mecanisme d’accio.

Les equinocandines actuen de forma no competitiva inhibint I’enzim (1,3)-B-D-
gluca sintasa, localitzat a la membrana plasmé{tica i codificat pel gen FKSI. El (1,3)-
B-D-gluca és un polimer estructural de la paret fingica que estableix enllagos amb el
(1,6)-B-D-gluca i la quitina i aix0 resulta esencial per conferir a la paret rigidessa i

elasticitat.
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Mecanismes de resisténcia.

Les dades que es disposen sobre resistencia a les equinocandines procedeixen
d’estudis realitzats amb mutants obtinguts in vitro (Kurtz el al, 1996). Aquests aillats
manifesten un nivells de resistencia 10 cops superior a la CMI de la poblacid sensible
1 presenten mutacions en un dels al.lels del gen FKSI. No es coneix !’existéncia

d’aillats mutants in vivo.

2.5.2. Pradimicines i benanomicines.

Les pradimicines i benanomicines tenen una estructura similar i constitueixen
una classe tnica de farmacs antifiingics. Aquests compostos s’uneixen al fragment
terminal D-mannodsid de la paret fingica forman un complexe ternari (D-mannosid-
pradimicina/benanomicina-calci) que produeix una disrupcié en la integritat de la
membrana cel.lular (Walsh and Giri, 1997). Totes dues tenen un espectre d’activitat
ampli que inclou Candida spp, C. neoformans, Aspergillus spp, zygomicets i fongs
dematiacis (Fung-Tomc et al, 1995; Watanabe et al, 1996; Walsh and Giri, 1997).
Desafortunadament, la detecci6 de problemes de toxicitat hepatica en les

aval.luacions inicials han motivat la interrupci6 del seu desenvolupament.

2.5.3. Polioxines i Nikkomicines.

La quitina és un polimer lineal constituit per la unié de residus de (1-4)-B- N
acetilglucosamida que es sintetitza a la membrana plasmatica per la quitina sintasa
(Gooday, 1995). Les polioxines (utilitzades a 1’agricultura) i nikkomicines sén
potents inhibidors competitius de la quitina sintasa. L’activitat de la nikkomicina Z
esta limitada a determinats fongs endémics com C. immitis i B. dermatitidis tot i que

s’ha observat un efecte sinérgic en determinats aillats de Candida spp si es
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combinava amb azols (Milewski et al, 1991; Hector and Schaller K, 1992; Li and
Rinaldi, 1999)

2.6.Sordarines

La sintesi proteica sempre ha estat considerada una diana molt atractiva en el
desenvolupament d’agents antimicrobians. L’aplicacié d’aquesta idea en el camp de
la terapia antifingica és arriscada ja que té 'inconvenient del grau de similitut
existent entre les cel.lules eucariotes. Malgrat aixo, le sordarines, tenen una activitat
inhibidora de la sintesi proteica altament especifica (Dominguez et al, 1998). El
mecanisme d’accid seria la inhibici6 del factor d’elongacié 2, que en C. albicans té
una homologia del 85% amb la corresponent proteina humana (Dominguez and
Martin, 1998). Hi ha diverses molecules que han demostrat ser actives en Candida
spp (a excepcié de C. parapsilosis i C. krusei), fongs dimorfics i Prneumocystis
carinii. L’activitat sobre Aspergillus spp 1 altres fongs filamentosos problematics es
escassa o nul.la (Herreros et al, 1998). Recentment s’ha comunicat la sintesi de sis
noves molecules derivades de les sordarines, les azasordarines (Herreros et al, 2001).
El seu espectre d’activitat és similar al de les sordarines i han demostrat ser efectives
en un estudi experimental de candidiasi oral i vulvovaginal per C. albicans en rates

immunodeprimides (Martinez el al, 2001).
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3. Determinacio6 de P’activitat in vitro dels antifiingics.

A comencament dels anys 80 les dades que s’obtenien a ’estudiar ’activitat
in vitro dels antifiingics tenien com a problema més important una manca evident de
reproductibilitat interlaboratori. A més a més, la rellevancia clinica que podien tenir
aquests estudis era realment incerta. En un treball publicat per Galgiani i1 cols.
(Galgiani et al, 1987), es va posar de manifest que la utilitzacié de diversos metodes
per part dels laboratoris que participaven en un estudi multicéntric donava lloc a una
variacié6 molt amplia en els resultats de les CMIs obtingudes amb un determinat
antifingic i emprant en tots els casos els mateixos aillats. L’any 1982, el NCCLS,
conscient d’aquesta situaci6, va crear un subcomité per establir unes directrius que
permetessin determinar ’activitat in vitro dels antifingics ja que en aquell moment,
era evident que aquests estudis estaven molt endarrerits, sobre tot, si es comparava

amb tota la tasca realitzada amb P’estudi de 1’activitat in vitro dels antibacterians.

Aquesta situacié era comprensible si tenim en conte que les infeccions
fungiques, abans dels anys 80, eren relativament infreqiients i a més a més, el nombre
d’agents terapéutics era escas. En aquell moment, tampoc es contemplava com un
problema la posibilitat de I’aparicié de resisténcies als antifiingics. En I’actualitat el
panorama és clarament diferent i les infeccions fungiques han adquirit un clar
protagonisme motivat per diversos factors (malalts greus amb immunodeficiéncies,
neoplasies, trasplantaments, utilitzacidé de procediments invasius, administracio
d’antibiotics d’ampli espectre, hemodialisi o dialisi peritoneal). Un altre fet a tenir en
compte és que la resisténcia als antifingics €s una realitat, afortunadament poc
frequent, perd amb clares repercusions cliniques i epidemiologiques. Per una altra
banda, la industria farmaceutica, conscient d’aquesta situacié esta dedicant grans
esforgos al desenvolupament de nous antifiingics tant pel tractament d’infeccions

sisttmiques com superficials. Tots aquests factors han contribuit a que sigui cada cop
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més necessari disposar d’una metodologia per determinar ’activitat in vitro dels
antifingics que ajudi a decidir el millor tractament, que contribueixi al
desenvolupament de nous fiarmacs i que a més a més permeti, a través d’estudis

epidemiologics, vigilar I’aparicié de resisténcies als antifiingics.

3.1. Meétode de referéncia. Documents del NCCLS.

La necessitat de dispossar d’unes normes per determinar 1’activitat in vitro dels
antifingics va fer que molts investigadors col.laboresin amb el NCCLS per
desenvolupar una metodologia estandarditzada i al mateix temps investigar les
variables que poden influir més en el resultat final, com per exemple, la preparacio i
tamany de I’inocul, el medi de cultiu, la temperatura i duracié de la incubacié i com
determinar la CMI (“end-point”). Com a conseqtiencia d’aquest treball el subcomité
del NCCLS ha anat elaborant al llarg dels anys unes recomanacions per determinar
Pactivitat in vitro dels antifiingics en Candida spp i Cryptococcus neoformans les
quals han quedat reflectides en tres documents: M27P (1992); M27T (1995) i M27A
(1997) en els seus formats succesius: P, proposta; T, tentatiu i A, aprovat(NCCLS,
1992; NCCLS, 1995; NCCLS, 1997). L’any 1998 el NCCLS va proposar el
document M28P (NCCLS, 1998) per determinar I’activitat in vitro dels antifingics en
fongs filamentosos (Aspergillus spp, Fusarium spp, Rhizopus spp, Pseudallescheria
boydii, Sporotrix schenckii). Tots aquests documents fan especial enfasi en aquelies
variables que es consideren mes importants i que més poden influir en el resultat final

obtingut. En les taules 2 i 3 es resumeixen aquestes variables.
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Taula 2. Principals variables contemplades en el document M27A del NCCLS.

Medi de cultin RPMI 1640, a pH7.0

Tampo MOPS 0.165 M

Indcul 0.5 —2.5x 10° UFC/ml

Estandarditzacid

de I’inocul McFarland 0.5 utilitzant un espectrofotometre
Format Microdilucié o macrodilucié

Temperatura

d’incubacid 35°C

Temps .

d’incubacié 48 h per Candida spp, 72 h per C. neoformans
Definici6é de CMI Anfotericina B: no creixement visible

“end point”

Fluorocitosina, antifiingics azolics: 80% de reduccioé
en el creixement o una disminucié prominent de la
terbolesa comparat amb el control

Taula 3. Principals variables contemplades en el document M28P del NCCLS.

Medi de cultiu RPMI 1640, a pH7.0

Tamp6 MOPS 0.165M

Indcul 0.4 -5 x 10* UFC/ml

Estandarditzacio Densitat  Optica segons génere 1 amb
de I’inocul espectrofotdmetre

Format Microdilucié

Temperatura 35°C

d’incubacid

Temps 24 h per Rhizopus spp, 48 h per Aspergillus spp,
d’incubacid Fusarium spp, S. schenckii, 72 h per P. boydii.
Definicié de CMI Amfotericina B: no creixement visible

“end point”

Fluorocitosina, compostos azolics: disminucid
prominent de la terbolessa (50%) comparat amb el
control
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3.2. Document M27A, 1997, NCCLS. Metodologia.

Els aspectes més fonamenals del document M27A es comenten a continuacio.

1. Antifingics.

1.1 Obtencié dels antifiingics. Cal aconseguir-los dels respectius laboratoris
farmaceutics en forma de substancia pura valorada (generalment expresat en pg) o bé
adquirir-los a cases comercials (per ex, Sigma).

1.2 Preparacié de la solucié mare (“stock”) inicial. La solucié d’antifingic inicial
€s preparard a una concentracié com a minim de 1280 pg/ml o deu vegades la
concentracid més alta que s’estudii. Per preparar-la es poden emprar les segiients

formules segons convingui:

Pes (mg) = Volum (ml) x Concentracié (jg/ml)
Poténcia (ug/mg)

obé

Volum (ml) = Pes (mg) x Potencia (ng/mg)
Concentraci6 (ug/ml)

A les formules, Pes, representa la quantitat d’antifingic que pesarem; Volum, la
quantitat de solvent necessari; Concentracid, la concentracié de I’antifiingic que
volem (1280 pg/ml o superior); Poténcia, el grau de puressa de 1’antifiingic (expressat
en pg).

Els antifingics cal disoldre’ls en el seu solvent adequat. Generalment es fa
servir aigua per fluconazol i fluorocitosina. Per altres antifingics com amfotericina B,
itraconazol o ketoconazol s’utilitza dimetil sulfoxid (DMSO). Com que¢ aquest
solvent pot afectar el creixement dels fongs, cal fer les dilucions necessaries per

aconseguir que la concentraci6 final no superi 1’1%.
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Normalment les concentracions mare “stock” preparades no permeten el
creixement de microorganismes contaminants i cal asumir que son estérils. Es poden
guardar en tubs estérils (preferible tubs amb taps de rosca) a temperatures inferiors a -
20°C (aconsellable a - 60°C o inferior ja que conserven la seva activitat sis 0 més
messos). Cal tenir present que els tubs, un cop descongelats, s’han de fer servir el
mateix dia i no es poden tornar a congelar.

1.3 Concentracions a estudiar. Es recomana fer servir les segiients concentracions:
amfotericina B, ketoconazol i itraconazol: 0.03 — 16 pg/ml, fluconazol i

fluorocitosina: 0.125 — 64 pg/ml.

1. Procediment.
2.1 Medi de cultiu. Cal utilitzar un medi sintétic: RPMI 1640 amb glutamina, sense
bicarbonat i amb un indicador de canvi de pH. La seva composicié i com preparar-lo
es comenta al final de la descripcid del document.
2.2 Tampé. El medi de cultiu ha de tenir un pH de 7.0 a 25°C. Es recomana utilitzar
un tampd “zwiterionic”, com el MOPS (0.165 M), el qual no travessa rapidament la
membrana cel.lular com els tampons fosfat i tedricament, no interacciona amb els
farmacs antifiingics.
2.3 Preparaci6 de les concentracions dels antifiingics. Les concentracions dels
diferents antifingics es preparen seguint el model de les taules 4 (antifingics disolts
amb aigua)is (antifﬁngics no solubles amb aigua).
2.3.1 Macrodilucié. En el métode de macrodilucié es treballa en tubs que
contenen un volum total de 1 ml, del qual 0.9 ml correspont a I’indcul i 0.1 ml a
I’antifiingic. Per tant, cal preparar cada antifingic a una concentracié 10x ja
que al realitzar una dilucié 1:10 ens quedara la concentracié desitjada. Es
destinara un tub a control de creixement amb medi RPMI, inocul i solvent (en

cas de no ser aigua).

27



F.Marco Introduccio

2.3.2 Microdiluci6. En aquest metode s’utilitzen plaques estérils de
microdilucié (96 pouets) que contenen un volum final de 200 pl, del qual 100
ul corresponen a I’antifingici 100 pl a I'indocul. Els antifigics es preparen a
una concentracidé 2x que es dispensen als pouets corresponents. Generalment, el
nimero 1 conté la concentracié més elevada i el nimero 10 la més baixa.
Tambe¢ cal fer servir pouets com control de creixement i1 es poden utilitzar
pouets com a control d’esterilitat.
2.4 Preparacié de I’indcul. Els microorganismes es cultiven en un medi adequat
(agar Sabouraud dextrosa o agar peptona dextrosa) al menys dos cops amb la finalitat
d’assegurar la seva viabilitat i puresa. L’inocul es prepara agafant 4-5 colonies d’un
cultiu de 24 h (Candida spp) o 48 h (C. neoformans) que es resuspenen en 5 ml de SF
i s’ajusta a un McFarland 0.5 emprant un espectrofotdmetre (530 nm). La suspensid
obtinguda conté 1 — 5 x 10° UFC/ml.
2.4.1 Macrodilucid. Si utilitzem aquest metode cal diluir I’inocul 1:100 seguit
d’una nova dilucié 1:20 amb RPMI 1640, que permet aconseguir I’indcul final
desitjat (0.5 — 2.5 x 10° UFC/ml).
2.4.2 Microdilucié. En aquest cas la dilucid inicial ha de ser 1:50 seguida d’una
dilucié 1:20 amb RPMI 1640 per obtenir una concentracié doble de 1’inocul
(1 - 5 x 10’ UFC/ml). Aquest indcul es diluira 1:1 a les plaques i aconseguirem
I’in6cul final.
2.5 Inoculacio.
2.5.1 Macrodilucié. Dispensar 0.1 ml de les diferents concentracions
d’antifiingic als tubs corresponents als quals hi posarem 0.9 ml de 1’indcul final.
El tub control contindra el volum corresponent a I’inocul i 0.1 ml del diluent de
I’antifiingic.
2.5.2 Microdilucié. Un cop hem dispensat ’antifingic (100 pl, concentraci6
2x), hi posarem els 100 pl corresponents a ’indcul. El pouet control contrindra

aquest indcul i 100 pl de medi de cultiu sense antifiingic.
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2.6 Incubacié. Tant els tubs com les plaques de microtitol s’incuben a 35°C per un
temps de 48 h (Candida spp) o 72 h (C. neoformans).

2.7 Lectura dels resultats. La CMI es defineix com la concentracié d’antifiingic més
petita que, macroscopicament, produeix una inhibicié substancial del creixement del
fong. A I’hora de realitzar la lectura cal comparar el creixement del tub o pouet
control amb I’obtingut als tubs o pouets amb ’antifiingic. Per 1’amfotericina B, la
CMI sera aquella concentracié en la que no s’observa creixement visible. Per la
fluorocitosina i antifiingics azolics, al ser farmacs fungistatics, la inhibicié del
creixement no és tant clara com pasa amb ’amfotericina B. Amb el meétode de
macrodilucié es pot definir com aquella concentracié en la que es produeix una
reduccid del creixement igual o superior al 80% si es compara amb el tub control.
Aix0 ho podem estimar si diluim 200 pl del tub control amb 800 pl de medi sense
inocular. Amb el métode de microdilucié s’estableix una puntuacié numérica del 0 al
4, comparat amb el control, segons la segiient escala: 0, Opticament clar, no
creixement; 1, lleuger creixement; 2, disminucid marcada o prominent de la
terbolesa; 3, lleugera disminucié o reduccié de la terbolesa; i 4, cap canvi en la
terbolesa. La CMI per la fluorocitosina i antifingics azolics sera aquella concentracié

en la que es produeix una disminucié prominent de la terbolesa (numero 2).

2.8 Modificacions. El document comtempla la possibilitat de realitzar algunes
modificacions a la metodologia descrita en un intent de millorar determinats
problemes concrets d’aquest métode. Per determinar 1’activitat de I’amfotericina B en
Candida spp, la utilitzacié d’Antibiotic Medium 3 podria millorar la deteccié de
soques resistents. Hi ha I’inconvenient que aquest medi no estd estandaritzat i es
poden produir variacions importants del resultat segons el lot. En C. neoformans la
utilitzacié com medi de cultiu de Yeast Nitrogen Base pot traduir-se en un augment
del creixement del fong i una millora en la correlacié de les CMIs i resposta clinica

(Witt, 1996; Ghannoum, 1992). Una tercera possible modificacidé suggereix
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suplementar el medi RPMI 1640 amb glucosa fins aconseguir una concentracié final
de 20 g/IL amb la finalitat de millorar o facilitar la determinacié de la CMIL
(Rodriguez-Tudela, 1994)

2.9 Soques control. El document M27A proposa utilitzar com soques control per a
I’amfotericina B, fluconazol, itraconazol, ketoconazol i fluorocitosina dues soques de
referencia ATCC: Candida parapsilosis ATCC 22019 i Candida krusei ATCC 6258.
Els intervals de CMIs para cada antifingic 1 soca s’especifiquen a la taula 6.
Recentment s’han proposat els intervals de CMIs per a cinc nous antifingics:

voriconazol, ravuconazol, posaconazol, caspofungina i anidulafungina (Barry AL, et
al. 2000).

3.Interpretacio dels resultats.

El document proposa la creacié dels segiients punts de tall per només tres antifungics

1 Candida spp:

ANTIFUNGIC | SENSIBLE | SENSIBLE DOSI |INTERMEDI | RESISTENT
DEPENENT

Fluconazol <8 16 - 32 - >64

Itraconazol <0.125 0.25-0.5 - >1

Fluorocitosina <4 - 8—-16 >32

El desenvolupament dels punts de tall de fluconazol i itraconazol, aixé com la
seva interpretacié basant-se amb una analisi acurada de les dades obtingudes in vitro i
la seva correlacié in vivo es va publicar I’any 1997 pel subcomité d’estudi de la
sensibilitat als antifiingics del NCCLS (Rex et al, 1997). Els valors proposats per
fluconazol i itraconazol sén aplicables a infeccions de mucoses. Per fluconazol
probablement també ho sén en cas d’infeccions sistémiques per Candida spp. Els

aillats de C. krusei es consideren intrinsecament resistents a fluconazol. La categoria
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sensible dosi depenent fa referéncia a la necessitat d’utilitzar dosi elevades per
aconseguir els nivells plasmatics maxims. Els valors proposats per fluorocitosina es
fonamenten en la informacié historica disponible del farmac i les seves
caracteristiques farmacocinétiques. E1 document no recomana punts de tall per
amfotericina B i ketoconazol. En el cas de I’amfotericina B, 1’experiéncia demostra
que la majoria de CMIs tenen un valor que se situa entre 0.25 1 1 pg/ml, 1 que el
metode no permet detectar de forma consistent les soques amb resisténcia a aquest
antifiingic. Pel que fa referéncia al ketoconazol no hi han dades de correlacié entre els
valors de CMI obtinguts i resposta clinica al tractament amb aquest antifingic que

permetin establir un valors de referéncia.
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Preparaci6 del medi RPMI 1640 amb MOPS, 0.165 M (1 litre)

Dissoldre 10.4 g de medi en 900 ml d’aigua destil.lada. Afegir 34.53 g de MOPS i

agitar fins que es dissolgui. Mentre estem agitant cal ajustar el pH a 7.0 (25°C) amb

hidroxid sodic 1 M. Afegir aigua fins arrivar a un volum final d’1 L. Esterilitzar per

filtraci6 i guardar a 4°C.

Components del medi RPMI 1640

COMPONENT G/L COMPONENT G/L
L-arginina 0.200 Biotina 0.0002
L-asparagina 0.050 Acid pantotenic 0.00025
Acid L-aspartic 0.020 Clorur de colina 0.003
L-cistina . 2HC1 | 0.0652 Acid fdlic 0.001
Acid L-glutamic | 0.020 Mioinositol 0.035
L-glutamina 0.300 Niacinamida 0.001
Glicina 0.010 PABA 0.001
L-histidina 0.015 Pirodoxina HCI 0.001
L-hidroxiprolina | 0.020 Riboflavina 0.0002
L-isoleucina 0.050 Tiamina HCI 0.001
L-leucina 0.050 Vitamina B, 0.000005
L-lisina - HC1 0.040 Nitrat de calci - H,0 0.100
L-metionina 0.015 Clorur de potasi 0.400
L-fenilalanina 0.015 Sulfat de magnesi 0.04884
L-prolina 0.020 Clorur de sodi 6.000
L-serina 0.030 Fosfat de sodi, dibasic 0.800
L-treonina 0.020 D-glucosa 2.000
L-triptofan 0.005 Glutationa, reduida 0.001
L-tirosina " 2Na 0.02883 Vermell de fenol, Na 0.0053
L-valina 0.020
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Taunla 4. Esquema proposat per diluir el fluconazol i fluorocitosina

(solvent: aigua)

Dilucié | Concentracié |Procedéncia Volum | Medi Concentracié | Concentraci6
(ng/ml) (ml) | (ml) (ng/ml) Final
1:10 (ug/ml)
1 5120 Solucié mare 1 7 640 64
“stock”
2 640 Dilucié 1 1 1 320 32
3 640 Dilucié 1 1 3 160 16
4 160 Dilucio 3 1 1 80 8
5 160 Dilucid 3 0.5 1.5 40 4
6 160 Dilucié 3 0.5 3.5 20 2
7 20 Dilucié 6 1 1 10 1
8 20 Dilucié 6 0.5 1.5 5 0.5
9 20 Dilucié 6 0.5 3.5 2.5 0.25
10 2.5 Diluci6 9 1 1 1.25 0.125
11 2.5 Dilucié 9 0.5 1.5 0.625 0.06
12 2.5 Dilucié 9 0.5 3.5 0.3125 0.03
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Taula 5. Esquema proposat per diluir Pamfotericina B, itraconazol, ketoconazol

(solvent: DMSO)
Concentracio Volum | Solvent | Concentracié Concentracio
Dilucié (ng/ml) Procedeéncia | (ml) (ml) (ug/ml) Final
1:100 (ug/ml)
1 1.600 Sol mare 1600 16
“stock™
2 1.600 Sol margd 0.5 0.5 800 8
“stock”
3 1.600 Sol margd 0.5 1.5 400 4
“stock”
4 1.600 Sol marg 0.5 35 200 2
“stock™
5 200 Dilucié 4 0.5 0.5 100 1
6 160 Dilucié 4 0.5 1.5 50 0.5
7 20 Dilucié 4 0.5 35 25 0.25
8 20 Dilucidé 7 0.5 0.5 12.5 0.125
9 20 Dilucié 7 0.5 1.5 6.25 0.06
10 2.5 Dilucid 7 0.5 35 3.13 0.03
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Interval de
Soca Antifingic
CMIs (ug/ml)
Candida Amfotericina B 0.25-1
Tosi Fluconazol 2-8
parapsiiosts Itraconazol 0.06 - 0.25
ATCC 22019 Ketoconazol 0.06 —0.25
Fluorocitosina 0.12-0.25
Voriconazol 0.03-0.25
Ravuconazol 0.03-0.25
Posaconazol 0.06 - 0.25
Caspofungina 0.5-4
Anidulafungina 1-8
Candida krusei Amfotericina B 05-2
Fluconazol 16 — 64
ATCC 6258 Itraconazol 0.12-0.5
Ketoconazol 0.12-0.5
Fluorocitosina 4-16
Voriconazol 0.12-1
Ravuconazol 0.25-1
Posaconazol 0.12-1
Caspofungina 0.25-1
Anidulafungina 0.06 - 0.5

Taula 6. Interval de CMIs de les dues soques control recomanades i deu antifiingics.
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3.3 Document M28-P, 1998, NCCLS. Metodologia.

En aquest document es descriu la metodologia per estudiar 1’activitat in vitro
dels antifingics enfront de fongs filamentosos formadors de conidis i
esporangioespores. Encara que en el document només es contempla la seva utilitzacié
en Aspergillus spp, Pseudallescheria boydii, Fusarium spp, Rhizopus spp i Sporotrix

schenckii, també s’ha emprat en altres fongs filamentosos. -

La metodologia recomanada ¢s molt similar a la descrita en el document M27-

A i només en comentarem les modificacions.

1. Antiflingics, preparacié, concentracions, dilucions, medi de cultiu, tampé.
Cal seguir les mateixes recomanacions del document M27-A
2. Preparacio de ’inocul. »

Segons estudis preliminars, la suspensié de conidis o esporangioespores pot
mesurar-se amb un espectrofotémetre i la reproductibilitat en les CMIs amb un inocul
de 0.4 — 5 x 10* UFC/ml és bona. La formacié de conidis o esporangioespores
s’aconsegueix sembrant els aillats en agar inclinat dextrosa patata a 35°C per un
periode de 7 dies (Aspergillus spp, P. boydii, Rhizopus spp i S. schenckii) o a 35°C
durant 48 - 72h i despres a 25 — 28-°C fins al seté dia (Fusarium spp). Als 7 dies les
colonies es cubreixen amb 1 ml de SF i amb 1’ajut d’una pipeta Pasteur es frega la
superficie inclinada. En Aspergillus spp podem facilitar aquesta operacid si hi posem
una gota de Tween 20. La suspensié obtinguda (conté conidis o esporangioespores i
fragments d’hifes) es traspassa a un tub esteril, es deixa sedimentar 3-5 minuts i el
sobrenadant s’homogenitza en un altre tub amb ’ajut d’un agitador. La densitat dels
conidis o esporangioespores es llegeix i ajusta amb un espectrofotometre (530 nm) a
una densitat optica que per Aspergillus spp 1 S. schenckii és de 0.09 a 0.11 (80-82%
de transmitancia) i per P. boydii, Rhizopus spp 1 Fusarium spp és de 0.15 a 0.17 (68-
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70% de transmitancia). La preparacié de 1'inocul final varia segons el meétode
utilitzat. ‘

2.1 Macrodilucié. Les suspensions obtingudes es dilueixen 1:100 en el medi

RPMI 1640 per aconseguir 1’indcul final.
2.2 Microdilucié. En aquest cas cal fer una dilucié 1:50 per aconseguir una
concentracié 2x de I’inocul final.
3. Inoculacio.

3.1 Macrodilucié. Es dispensa 0.9 ml de I’inocul final als tubs que ja contenen

0.1 ml de les diferents concentracions d’antifiingic. El tub control contindra el

volum corresponent a I’indcul i 0.1 ml del diluent de I’antifiingic.

3.2 Microdilucié. Dispensem 100 pl de I’indcul 2x a cada pouet que ja conté

I’antifingic (concentracié 2x, 100 pl). El pouet control contrindra aquest indcul

i 100 pl de medi de cultiu sense antifingic.

2. Incubacio.

Tant les plaques de microdilucié com els tubs s’incuben a 35°C i es llegeixen
els resultats a les 24 h (Rhizopus spp), 48 h (Aspergillus spp, Fusarium spp i S.
schencki) 172 h (P. boydii).

3. Lectura dels resultats.

Per determinar la CMI s’estableix una puntuacié numérica al comparar el
creixement en els tubs o pouets amb antiungic i el que es produeix al control: 4, cap
disminuacié del creixement; 3, lleugera reduccidé del creixement o una disminuci6
aproximada del 75% comparat amb el control; 2, reduccié prominent del creixement
o una disminuci6 aproximada del 50% comparat amb el control; 1, lleuger creixement
o una disminuci6 aproximada del 25% comparat amb el control; i 0, 6pticament clar o
ausencia de creixement. La CMI de I’amfotericina B sera aquella concentracié en la
que no s’observa creixement visible (puntuacié 0). Per la fluorocitosina i

especialment els antifiingics azolics la CMI corrrespondra a aquella concentraci6 en
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la que es produeix una inhibicié del 50% o més del creixement al comprarar-ho amb
el control (puntuaci6 2).
~ 4. Intrepretacié dels resultats.

Fins ara, la relevancia clinica dels resultats obtinguts determinant la CMI dels
antifungics en fongs filamentosos és realment poc clara degut, entre altres factors, a
la manca d’estudis que intenten correlacionar-ho.

5. Soques control.

A part de les soques control recomanades en el document M27-A (Candida
parapsilosis ATCC 22019, Candida krusei ATCC 6258), cal utilitzar dos aillats
d’Aspergillus (A. fumigatus, A. flavus) de referéncia per amfotericina B i itraconazol.
Les dues soques que va utilitzar el subcomité del NCCLS encara no tenien nimero
d’ATCC quan es va publicar el document M28P. Recentment, a una d’clles (4.
flavus) se 1i ha assignat el nimero ATCC 204304.
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3.4. Altres meétodes.

La dificultat que comporta determinar ’activitat in vitro dels antifingics i la
tardanga en el.laborar un métode de referéncia son dos dels factors que han afavorit
que s’explorés la possibilitat d’utilitzar altres metodologies per estudiar I’activitat in
vitro dels antitingics. Alguns dels métodes emprats no sén certament habituals en els

laboratoris de microbiologia clinica.
3.4.1 Métode E-test.

El métode E-test desenvolupat per la compaiiia sueca AB Biodisk, (Solna,
Suecia) permet determinar P’activitat in vitro dels antimicrobians i ha estat adaptat a
diversos antifingics. Consta d’una tira de plastic impregnada d’un gradient de
diferents concentracions de 1’antimicrobia a estudiar que es diposita a sobre d’una
placa d’agar on previament s’ha sembrat el microorganisme. La CMI es determina en
el punt d’interseccidé on coincideix la inhibici6 del creixement i la tira de plastic. La
seva utilitat en el camp de les infeccions bacterianes ha estat ampliament contrastada i
és de suposar que, a priori, I’aplicaciéo d’aquest métode en infeccions fingiques pot
tenir un enorme potencial. Tot i que I’aplicaci6é de I’E-test per determinar la CMI dels
antifingics en Candida spp, C. neoformans 1 fongs filamentosos requereix certa
experiencia, diversos estudis han tobat una bona correlacié entre aquest métode i el
considerat de referéncia (NCCLS) amb Candida spp i antifingics azolics (Chen et al,
1995; Colombo et al, 1995; Espinel-Ingroff et al, 1996; Pfaller et al, 1996; Wanger et
al, 1995; Warnock et al, 1998). En Aspergillus spp i altres fongs filamentosos també
s’ha observat una bona correlacié entre les CMIs d’amfotericina B i itraconazol

obtingudes amb E-test i el document M28P (Szekely et al, 1999; Pfaller et al, 2000).
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3.4.2 Meétodes de microdilucié.

La complexitat del métode de referéncia i el consum de temps que comporta la
metodologia proposada fa que sigui poc probable la seva realitzacié en la rutina diaria
d’un laboratori de microbiologia. Aix6 ha motivat a la inddstria a desenvolupar
diversos sistemes per determinar la sensibilitat als antifiingics que puguin ser
utilitzats en els laboratoris. Entre els métodes que utilitzen reactius colorimétrics cal
citar-ne dos. El sistema Sensititre Yeast One (Trek Diagnostic Systems Inc, EEUU)
¢és un meétode de microdilucié que fa servir com medi de cultiu RPMI 1640 més
glucosa 1 que permet determinar I’activitat in vitro de cinc antifiingics (amfotericina
B, ketoconazol, itraconazol, fluconazol i fluorocitosina). Els antiftingics, en forma
deshidratada, estan inclosos en una placa de microdil.lucié juntament amb un
indicador de canvi de pH (blau Alamar). La placa s’inocula amb el medi RPMI que
conté I’indcul i s’incuba a 35°C. La determinaci6 de la CMI es realitza en funci6 del
canvi de color que es produeix amb el creixement del microorganisme. Es un métode
estandarditzat que té¢ un grau de concordancia elevat amb el métode de referéncia
(Messer and Pfaller, 1996; Arikan et al, 1997; Poseraro et al, 2000; Espinel-Ingroff et
al,1999). El ASTY colorimetric panel (Kyokuto Pharmaceutical Industrial Co, Japd)
permet determinar la sensibilitat a quatre antifingics (amfotericina B, itraconazol,
fluconazol i fluorocitosina) que es troben deshidratats en una placa de microdil.lucié
a concentracions similars a les del document M27A i, com en el cas anterior,
incorpora un indicador colorimétric de canvi de pH. En el treball publicat per Pfaller i
cols (Pfaller et al, 1998) el grau de correlacié emb el métode de referéncia va ser

excelent.

Altres métodes comercialitzats que fan servir una metodologia de dilucié sén:
Candifast (International Microbio/Stago Group, Milan, Italia), Integral Systems
Yeasts (Liofilchem Diagnostics, L’Aquila, Italia), Fungitest (Bio-Rad SDP, Paris,
Franca) ATB fungus (API-bioMerieux, Marcy I’Etoile, Franc¢a), Mycostandard
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(Institut Pasteur, Paris, Fran¢a) y Mycototal (Behring Diagnostic, Rueil-Malmaison,
Franga). Aquests sistemes tenen com a principals inconvenients el estudiar un interval
de concentracions limitat (format tipus “break-point”) que en ocasions sén poc
adecuades o bé, que els resultats obtinguts no tenen una correlacié acceptable al
comparar-ho amb el métode de referéncia (Davey KG et al, 1998; Druetta A, 1993;
Guinet et al,1988; Posteraro et al, 2000; Quindés et al, 1994; Schmalreck et al, 1995;
Swinne et al, 1999; Willinger et al, 2000; Witthuhn et al, 1999).

3.4.3 Métode Disc-Difusio.

El métode de disc-difusié s’ha intentat adaptar a la determinacié in vitro de
I’activitat del fluconazol amb una bona correlacié amb el metode de referéncia (Barry
et al, 1996; Meis et al, 2000; Sandven P, 1999). Per millorar la lectura, s’ha proposat
mullar la superficie de I’agar amb blau de metil¢ a una concentracié de 0.5 pg/ml
(Meis et al, 2000). Hi ha dos sistemes comercialitzats, Neo-Sensitabs (Rosco
Diagnostica, Taastrup, Dinamarca) i Diff Test (Diagnostics Pasteur, Paris, Franca)
que en la seva utilitzacié no s’ha trobat una bona correlacié amb el métode de
referéncia o bé no s’ha fet la comparacié (Cantén et al, 1999; Swinne et al, 1999;
Schmalreck et al, 1995).

3.4.4 Altres metodologies.

La utilitzacié de la citrometria de fluxe per determinar la CMI en fongs, sobre
tot en Candida spp, ha estat I’objecte d’estudi en diversos treballs (Favel et al, 1999;
Green et al, 1994; Pore RS, 1990; Pore RS, 1994). La combinaciéo d’aquesta
metodologia amb la utilitzacié de diversos colorants permetria detectar 1’existéncia de
lesions en el fong estudiat. Diversos treballs han trobat una bona correlacié amb el

métode de referéncia (Ramani et al, 1997; Ramani et al, 2000; Wenisch et al, 1996) i
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s’ha suggerit que podria ser una metodolgia potencialment util per detectar la

resisténcia a I’amfotericina B. (Favel et al, 1999).

Els colorants fluorescents també han servit per valorar Pefecte dels
antifingics sobre els fongs fent una estimacié del grau de lesi6 que produien o com
afectaven la seva viabilitat i com es traduia a 1’hora de determinar la CMI i la CMF

(Liao el at, 1999; Lass-Florl et al, 2001).

La quantificacié del contingut d’ergosterol directament en soques exposades a
I’accié de farmacs azolics ha estat desenvolupat per Arthington-Skaggs i cols
(Arthington-Skaggs et al, 1999). En aquest estudi es va trobar una bona correlacié
amb la metodologia del document M27A i en un model animal ha demostrat 1a seva
utilitat a I’hora de correlacionar els estudis in vitro amb la resposta in vivo

(Arthington-Skaggs et al, 2000).

La mesura de la concentracié intracel.lular d’ATP (Kertschmar et al, 1996) o
el consum de glucosa en el medi (Riesselman at al, 2000) han estat dues
metodologies també proposades per determinar la CMI i que han demostrat una

correlacié molt bona amb el métode de referéncia.

Una altra metodologia propossada ha estat suplementar el medi amb acetat.
Amb aixo s’aconsegueix que la lectura de la CMI s’apropi a la concentracid critica en
la que s’inhibeix la sintesi d’ergosterol (Shimokawa and Nakayama, 1999;

Shimokawa and Nakayama, 2000).

La incorporacié al medi de cultiu de dues substancies colorimetriques com a
marcadores del potencial redox, el MTT [3-(4,5-dimetil-2-tiazolil)-2-5-difenil-2H-
bromur de tetrazoli] 1 el XTT (2,3-bis(2-metoxi-4-nitro-5-dulfofenil)-5-[(fenilamino)

carbonil]-2H-hidroxid de tetrazoli) ha demostrat la seva utilitat obtenint-se unes
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CMIs similars a les del métode de referéncia (Clancy and Nguyen, 1997; Hawser et al
1998; Yang et al, 1998; Meletiadis et al, 2000)

La utilitzaci6 del medi cromogeénic CHROMagar suplementat amb una
concentracié fixa (8 pg/ml) de fluconazol s’ha emprat per determinar la sensibilitat o
resisténcia a aquest antifingic amb bons resultats (Patterson et al, 1996a; Patterson et

al, 1996b), tot i que la seva utilitat requereix més aval.luacions, sobre tot amb soques

amb resisténcia coneguda al fluconazol.

3.5. Modificacions del document M27A.

3.5.1 Amfotericina B.

Al determinar I’activitat de 1’amfotericina B enfront de Candida spp fent
servir la metodologia del document M27-A, I'interval de CIMs que s’obté queda
restringit generalment a unes quatre dilucions (0.12 — 1 pg/ml). Aixo ha fet pensar
que aquesta metodologia potser no és la més adequada ja que no permetria
discriminar correctament les soques sensibles 1 resistents. En un treball realitzat per
Rex i cols, (Rex et al, 1995) en el que es van estudiar una serie d’aillats de Candida
spp amb resistencia ben caracteritzada a ’amfotericina B es va comprobar que, si be
era cert que els aillats resistents tenien una tendencia a donar CMIs mes altes que el
aillats sensibles, les diferencies se situaven en no més d’una o dues dilucions (log) i
per tant, dintre del limit de variacié del métode. Una modificacié del metode
consistent en utilitzar com a medi de cultiu Antibiotic Medium 3 a pH 7.0 (0.1 M
fosfat), suplementat amb glucosa (20 g/L) i realitzant la lectura de les CMIs a les 24 h
semblava que permetia la diferenciacié dels aillats en sensibles i resistents de forma
més evident (Rex et al, 1995, Lozano-Chiu et al, 1997). Pero els estudis realitzats
també van posar en evidéncia I’existéncia de factors técnics no del tot resolts. Si bé es
cert que en el treball inicial amb Antibiotic Medium 3, la CMI de I’amfotericina B

dels aillats resistents era > 1 pg/ml (Rex et al, 1995), en un treball posterior en el que
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es van utilitzar diversos lots del mateix medi la CMI obtinguda era de > 0.25 pg/ml
(Lozano-Chiu et al, 1997). Aquestes dades eren similars a les comunicades per Law i
cols (Law et al, 1997) perd no coincideixen amb les obtingudes per Nguyen i cols
(Nguyen et al, 1998) on en un estudi prospectiu s’aval.luava la posible correlacié
entre les CMIs de I’amfotericina B i resposta al tractament en un grup de malalts amb
candidemia que rebien aquest antifiingic. La millor correlacié clinica es trobava si el
medi no es suplementava amb glucosa, 1a lectura de les CMIs es realitzava a les 48 h
1, el resultat era Optim si es determinava la CFM. Els valors que van recomanar
aquests autors per considerar una soca resistent a I’amfotericina B van ser: CMI > 1

pg/mli CFM > 1 pg/ml.

Una altra possibilitat propossada per millorar la deteccié de la resisténcia a
I’amfotericina B seria determinar la CMI utilitzant el métode del E-test ja que fa
servir agar i s’obté un interval de CMIs més ampli (Clancy et al, 1999; Pfaller et al,
1998). Fent servir aquesta metodologia seria possible la separacié entre soques
sensibles i resistents (Wanger et al, 1995). Fins 1 tot s’han suggerit punts de tall per
considerar una soca com resistent segons el medi utilitzat: > 0.5 pg/ml en AM3 (Law
et al, 1997), > 1 pug/ml en AM3 (Wanger et al, 1995) i > 0.38 pg/ml en agar RPMI
1640 (Clancy et al, 1999). Des d’un punt de vista practic cap d’aquests possibles
punts de tall es pot fer servir ja que ens fan falta treballs adicionals utilitzant soques

control i aillats de Candida amb resisténcia confirmada a 1’amfotericina B.

Altres intents que s’han realitzat per millorar la deteccio dels aillats resistents
a ’amfotericina B, com la d’utilitzar un reactiu colorimeétric (Alamar Blue), han estat

infructuosos (Lozano-Chiu et al, 1998).
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3.5.2 Determinacioé de la CMI.

El determinar la CMI de forma visual segons recomana el document M27A del
NCCLS és en ocasions dificil, en especial en el cas de farmacs fungistatics com el
derivats azolics. La rad fonamental és la preséncia de ’efecte anomenat “trailing” o
creixement residual que manifesten alguns aillats. Aquesta caracteristica no
representa cap forma de resisténcia a P’antifiingic tal com ho demostren estudis
experimentals (Arthington-Skaggs et al, 2000; Rex el al, 1998) i probablement es
tracta d’un fendmen inherent a la metodologia ja que, modificacions en les
condicions, com el canvi de pH, el fan desapar¢ixer (Marr et al, 1999). Dades
cliniques de malalts amb candidiasi orofaringea produida per aquests aillats que
responien amb dosis baixes de fluconazol com les utilitzades en els aillats sensibles
també ho corroboren (Revankar et al, 1998). Una alternativa per evitar aquesta
dificultat és la de determinar la CMI de forma automatitzada amb un
espectrofotometre. Aixd, en teoria, permetria efectuar una determinacié de la
inhibici6 del creixement a diferents nivells (Odds et al, 1995). S’han efectuat diversos
estudis per avaluar el grau d’inhibicié del creixement que es produeix en preséncia de
I’antifiingic en comparacié amb el creixement obtingut al control. El nivell de
concordancia assolit entre els resultats espectrofotometrics i els del meétode de
referéncia han estat excel.lents (Pfaller et al, 1995; Nguyen and Yu, 1999; Espinel-
Ingroff et al, 1995; Rodriguez-Tudela et al, 1996). La major coincidéncia es produeix
quan considerem els valors obtinguts amb una inhibicié del 50% pels antifingics
azolics i del 80-90% amb I’amfotericina B (Pfaller et al, 1995; Odds et al, 1995;
Espinel-Ingroff, 1998)

3.5.3.Cryptococcus neoformans.

Un cop desenvolupada la metodologia descrita en els diferents documents
M27 s’ha fet evident que potser no és la millor forma de determinar la sensibilitat en
C. neoformans. Encara que els resultats de les CMIs son reproduibles i perfectament

valids, el creixement del fong en el medi es lent, requereix una incubacid de 72 hores
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i algunes soques, simplement, no creixen. Ghannoum 1 cols (Ghannoum et al, 1992)
van proposar unes modificacions que semblen ser una alternativa valida al document
del NCCLS. En aquesta nova metodologia es proposa utilitzar yeast nitrogen base
(YNB) a pH 7.0, un inocul de 10* UFC/ml, incubaci6 a 35°C, 48 h i microdilucié. La
lectura de la CMI per fluconazol es fa amb un espectrofotdmetre emprant un filtre de
420 nm i es defineix com una inhibicié del creixement del 50% comparat amb el
creixement del control. Els advantages d’aquesta proposta son: un millor creixement
del microorganisme, una bona reproducibilitat i la capacitat de proporcionar un
interval de CMIs de fluconazol que generalment es reflecteixen amb la resposta
clinica a aquest agent (Witt et al, 1996). En un estudi on es va aval.luar aquesta
modificacié del métode de referéncia en malalts HIV+ amb criptococosi meningea es
va observar una bona correlacié amb 1’evolucié clinica (Jessup et al, 1998). Tant en
aquest estudi com el de Witt i cols es suggereix que el risc de fracas del tractament es
elevat quan la CMI se situa en 2 — 4 pg/ml (Witt et al, 1996). En un tercer estudi
publicat recentment fent servir el mateix medi, el fracas clinic era uniforme quan la

CMI era > 16 pg/ml (Aller et al, 2000).

Com passa amb Candida spp, la deteccio de la resisténcia a I’amfotericina B
en C. neoformans és dificil. Lozano-Chiu 1 cols van demostrar que el métode de
referéncia no permetia diferenciar correctament les soques sensibles i resistents a
I’amfotericina B al estudiar una seleccié d’aillats recuperats en malalts amb
meningitis criptococica 1 resposta coneguda a I’amfotericina B (Lozano-Chiu et al,
1998). La identificacié d’aquestes soques podria efectuarse per repeticié de les CMIs
perd aix0 es inviable a la practica diaria per I’estret marge d’intervals de CMIs.
Utilitzant AM3 s’obtenia una bona separacié entre aillats resistents i sensibles, pero

els millors resultats s’obtenien amb E-test ja sigui en RPMI 1640 o AM3.
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Altres modificacions propossades per afavorir el creixement de C. neoformans
sén el efectuar un indcul més elevat (10° UFC/ml) amb agitacié constant a 35°C

odriguez-Tudela et al, o efectuar la incubacio a 30° avey et al, .
dri Tudel 1, 2000 fi la incubacié a 30°C (D 1, 1998

3.5.4. Medi de cultiu i indcul. La modificacié propossada de suplementar el
medi RPMI amb glucosa al 2% (Rodriguez-Tudela et al, 1994) té com a finalitat la de
facilitar la determinacié de la CMI, ja que s’obté comparativament, una major
terbolessa en el control de creixement (Odds et al, 1995; Lozano-Chiu et al, 1999).
Un altre avantatge d’aquest medi podria ser el d’escurcar el temps d’incubaci6 a 24 h,
fet que no podem tenir en conte amb el medi RPMI sense suplementar ja que hi ha
aillats que no tenen suficient creixement a les 24 h d’incubacié (Rodriguez-Tudela
and Martinez-Suérez, 1995). Un fet interessant és que la utilitzacié6 de RPMI amb 2%
de glucosa i un indcul més elevat (104 - 10 UFC/ml) que el recomanat en el
document del NCCLS no es tradueix en un augment de les CMIs (Cuenca-Estrella et
al, 1999; Cantén et al, 1999). Aquests resultats han servit per a que el subcomité per a
Pestudi de la sensibilitat als antifungics de ’EUCAST (European Committee on
Antibiotic Susceptibility Testing) iniciés un estudi comparatiu de la metodologia del
document M27A amb un nou metode que fa servir RPMI-2% de glucosa i un inocul
de 10° UFC/ml. Dades preliminars indiquen que I’interval de CMIs obtingut amb les
soques control sén practicament idéntics als del NCCLS i la cinetica de creixement
comparativa dels dos métodes suggereix que la incubacié de 24 h és el periode Optim

per determinar la CMI (Cuenca-Estrella and Rodriguez-Tudela, 2001).
3.6 Modificacions del document M28P.

3.6.1 Preparcié de I’inocul.
El document M28P és la proposta del NCCLS per determinar la CMI en
determinats fongs filamentosos. Una posible modificacié suggerida per als propers

documents fa énfasi en la forma de preparacié de I'inocul. Per fer-ho, el document
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recomana utilitzar un espectrofotometre 1 aix0 podria ser una font d’errors o
d’inexactitut pel simple fet que els conidis tenen diferent tamany. segons 1’espécie i a
més a més, poden tenir color amb la consequent repercussié en la lectura de
I’espectrofotometre (Gehrt et al, 1995; Guarro et al, 1997; Llop et al, 2000).
L’alternativa que es podria fer servir seria la de contar els conidis amb una camara de
recompte d’eritrocits (Denning et al, 1992; Moore et al, 2000). Sigui quina sigui la

metodologia utilitzada, quantificar I’inocul utilitzat sembla una actitut assenyada.

2) Determinacié de la CMI.

La determinacié de la CMI quan es valora I’activitat in vitro dels farmacs
azolics també planteja alguns dubtes com passa amb el document M27A. Hi ha dades
recents que suggereixen que la determinacié de la CMI per a I’itraconazol i els nous
triazols caldria realitzar-la considerant una inhibicié total del creixement (100%) i no
del 50% com recomana el document M28P, amb la qual cosa es detectaria millor la
resisténcia a aquests antifingics en Aspergillus spp (Denning et al, 1997; Espinel-
Ingroff et al, 1999).
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4. Epidemiologia molecular de les infeccions fingiques.

L’epidemiologia molecular aplicada a I’estudi de les infeccions fiingiques en
general i a la tipificaci6 de posibles brots d’origen nosocomial en particular, com ha
passat amb els estudis de sensibilitat als antifingics, sempre ha anat uns anys
endarrerida respecte a 1’is que se n’ha fet dels estudis moleculars aplicats a les
infeccions bacterianes. En els ultims anys per9, els avengos realitzats son enormes
(Hunter, 1991; Soll, 2000). Si bé es cert que un gruix important d’els estudis s’han
realtzat en C. albicans per ser 1’agent patdgen prevalent, aixod ha servit per a que

aquests esforgos inicials permetessin després 1’estudi d’altres espécies o fongs.
4.1 Métodes fenotipics.

Abans de la introduccié en micologia médica dels diferents metodes que es
fonamentent en ’analisi de I’ADN, els estudis epidemioldgics s’adressaven a estudiar
el fenotip del fong assumint que les diferéncies observades en aquest fenotip
reflexaven diferéncies genétiques entre els aillats. Un dels primers esfor¢os per
intentar discriminar les soques de C. albicans va ser la seroaglutinacié. Hasenclever i
cols van descriure en aquesta espécie 1’existéncia de dos serotips, A i B (Hasenclever
et al, 1961a; Hasenclever et al, 1961b). Es obvi perd, que la separacié d’una espécie
en només dos grups no aporta una informacié rellevant davant de la majoria dels
problemes epidemiologics. A més a més, hi ha un inconvenient que questiona tot el
metode, com és el fet que la expressié antigénica es pot veure afectada per la fase de
creixement i les cel.lules del serotip B poden produir 1’antigen del serotip A (Poulain
et al, 1985). Uns anys més tard es va constatar que la comparacié de tres metodes de

serotipificacié no agrupava de igual forma els diferents aillats (Brawner, 1991).
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Al comengament dels anys 80 es va desenvolupar un sistema complexe de
biotipificacié que pretenia diferenciar les diferents espécies de Candida i els aillats de
cada especie (Odds and Abbot, 1980; Odds and Abbot, 1983). El métode valorava el
creixement del microorganisme en un agar que variava la seva compossicié i
condicions. Tot i que aquest meétode s’ha utilitzat en molts estudis epidemiologics,
una aval.luacid realitzada en 5 laboratoris va evidenciar una pobra reproductibilitat
interlaboratori (Odds et al, 1989).

Hi han descrits altres métodes fenotipics per discriminar les soques de C.
albicans com la morfotipificacié que es fonamenta en la variacié de la morfologia de
les colonies (Phongpaichit et al, 1987), la resistotipificacié que valora la capacitat de
creixement en un medi solid que conté concenteracions conegudes de diferents
inhibidors quimics (McCreight et al, 1985), la tipificacié en funcié de la capacitat de
9 sustancies “letals” (Killer Yeast Typing) d’inhibir selectivament el creixement de
les diferents soques de C.albicans (Polonelli et al, 1983), tipificacié enzimatica
(Casal and Linares, 1983), tipificacié per assimilacié de sucres (Buesching et al,
1979) o tipificacid segons la sensibilitat a diferents antifiingics (Quindés et al, 1996).
A les limitacions propies de tots aquests métodes cal sumar-hi un altre problema. Tots
els aillats de C. albicans tenen la capacitat d’experimentar canvis en el seu fenotip
(“phenotypic switching™), alguns d’ells, una minoria, amb una freqiiéncia elevada.
Aix0 significa que una mateixa soca pot adoptar dos fenotips diferents al mateix
temps, tot i créixer sota les mateixes condicions (Soll et al, 1987; Soll, 1992).
L’adopcidé d’un determinat fenotip pot comportar canvis antigénics, en la sensibilitat
als antifingics o en I’assimilacié de carbohidrats (Anderson et al, 1990; Soll, 1990;
Soll et al, 1991).

“Multilocus Enzyme Electroforesis”. Amb aquest metode els microorganismes es
poden diferenciar a partir de 1’analisi dels perfils electroforétics obtinguts amb un

nombre variable d’enzims metabdlics (isoenzims i al.loenzims) solubles. Si I’eleccio
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dels enzims és acurada es poden discriminar els productes de diferents al.lels per a un
determinat nombre de loci. El métode consisteix en fer una extracid que ha de
conservar l’estructura i funcié de les proteines. Després d’una electroforesi
(generalment en gels de midd) els enzims sén visualitzats prévia expossicié a uns
substrats especifics. Aquest meétode s’ha utilitzat per a la tipificacié de C. albicans
(Le Guennec et al, 1995; Boerlin et al, 1996; Amavielhe et al, 1997; Pujol et al 1997),
C. tropicalis (Doebbeling et al, 1993), C. lusitaniae (Merz et al, 1992), C.
parapsilosis (Lin et al, 1995), Cryptococcus neoformans (Brandt et al, 1993; Brandt
et al, 1995; Brandt et al, 1996) i A. fumigatus (Rodriguez et al, 1996). Es un excel.lent
metode de tipificacidé perd té com a principal inconvenient la necessitat de convinar
les dades d’almenys 10-15 enzims per poder obtenir la suficient variabilitat entre els

aillats.
4.2 Métodes genotipics.

4.2.1 Analisi de ’ADN sense hibridacié. Conegut amb el nom d’analisi dels
fragments de restriccio (RFA), analisi amb endonucleases de restriccio (REA) o
RFLP (polimorfisme del tamany dels fragments de restriccié) és segurament el
primer métode d’analisi de ’ADN utilitzat per averiguar el grau de relacié entre
diferents aillats. Després de I’extraccié de I’ADN a partir dels esferoplasts, aquest es
digereix amb una endonucleasa de restriccié (generalment EcoRI), els fragments se
separen per electroforesi en un gel d’agarosa i la visualitzacié de les bandes
generades es realitza després d’una tincié amb bromur d’etidi. S’ha utilitat en multitut
d’estudis incloent-hi els patégens més habituals com C. albicans (Scherer and
Stevens, 1987; Pfaller et al, 1990; Clemons et al, 1991; Clemons et al, 1997), C.
tropicalis (Doebbeling et al, 1991), C. parapsilosis (Branchini et al, 1994; Pfaller et
al, 1995), C. lusitaniae (Pfaller et al, 1994; King et al, 1995), C. neoformans (Currie
et al, 1994), i A. fumigatus (Burnie et al, 1992; Lin et al, 1995). El principal

inconvenient d’aquest metode radica en la complexitat del genoma fungic, ja que aixd
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fa que el nombre de bandes obtingudes amb endonucleases convencionals sigui molt

elevat i la resolucid obtinguda deficient.

4.2.2 Analisi de PADN amb sondes d’hibridacié. Aquest métode permet
visualitzar un nombre limitat de fragments de I’ADN i obtenir uns perfils més valids
per a analitzar-los. Per a visualitzar uns fragments particulars cal realitzar un
Southern blot amb el gel de RFLP i deprés hibridar amb una sonda determinada que
reconeix fragments especifics. Tot i que s’han descrit sondes d’ ADN ribosémic (Stein
et al, 1991) i ADN mitocondrial (Wills et al, 1984; Olivo et al, 1987), no s’ha
generalitzat el seu us, perque el nombre de bandes obtingudes (maxim 5) no permetia

obtenir uns perfils el suficientment complexos per discriminar els aillats analitzats.

Les sondes més utilitzades son les de fragments obtinguts per clonacié que
contenen seqiiéncies genomiques repetitives. En C. albicans les sondes més
conegudes sén la 27A (Scherer and Stevens, 1988) 1 Ca3 (Soll et al, 1987), que van
ser clonades a finals dels anys 80 i posteriorment s’ha comprovat que estan
relacionades (Cindamporn et al, 1998; Pujol et al, 1999). La utilitzacié d’aquestes
sondes es fonamenta en el fet que, en un Sothern blot d’ADN gendmic digerit amb
endonucleases de restriccid, una sonda d’aquestes caracteristiques hibriditzara amb
seqiiencies repetitives disperses pel genoma, identificant d’aquesta forma la
variabilitat dels aillats. També hibriditzaria amb seqiiéncies adicionals menys
variables i amb seqiiéncies hipervariables que indicarien petits canvis evolutius
(“microevolutius™) en una soca. Una sonda d’aquestes caracteristiques ha de ser
capa¢g de generar un perfil suficientment complexe que al mesurar-lo permeti
averiguar la relacié existent entre els aillats. Un altra caracteristica adicional és que la
sonda ha de contenir una o més seqiiencies que hibriditzen amb fragments
monomorfics (fragments que tenen el mateix tamany en totes o la majoria de soques
d’una espécie). Aquests fragments sén d’enorme utilitat ja que faciliten la

normalitzacié posterior amb programes d’analisi de la imatge. Tant la sonda 27A com
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la Ca3 s’han fet servir en diversos estudis epidemiologics de C. albicans (Schmid et
al, 1990; Schmid et al, 1992; Hellstein et al, 1993; Lockhart et al, 1995; Lockhart et
al, 1996; Kleinegger et al, 1996; Ruiz-Diez et al, 1997; Kuehnert et al, 1998). Per C.
albicans també s’han utilitzat sondes d’oligo o polinucledtids (Sullivan et al, 1993;
Wilkinson et al, 1992) pero no ha estat aval.luada la seva eficacia com a métode de

tipificacid.

La utilitzacié d’aquestes sondes complexes, com la sonda Ca3 de C. albicans,
té com a principal virtud que en un sol gel s’obté molta informacié. Aquesta enorme
ventatja ha servit d’al.licient per disenyar sondes especifiques per altres espécies com
C. tropicalis, C. glabrata i C. dubblinensis (Joly et al, 1996; Lockhart et al, 1997;
Joly et al, 1999). Diversos investigadors han dirigit els seus esforgos ha desenvolupar
sondes especifiques per tipificar altres fongs com C. neoformans (Spitzer and
Spitzer,1992; Franzot el al, 1997), A. fumigatus (Girardin et al, 1993; Girardin et al,
1994), i A. flavus (McAlpin and Mannarelli, 1995) les quals han demostrat la seva
utilitat.

4.2.3 Reacci6 en cadena de la polimerasa (PCR). Posiblement, la
metodologia fonamentada en la reaccié en cadena de la polimerasa més utilitzada per
a la tipificacié dels fongs implicats en infeccions nosocomials sigui el RAPD
(random amplified polymorphic DNA). Aquest métode utilitza ‘primers” o iniciadors
al.leatoris d’aproximadament 10 bases que amplifiquen els amplicons o seqiiéncies
complementaries distribuides al llarg del genoma. La visualitzacid es realitza després
d’una eletroforesi i tincié amb bromur d’etidi (Williams et al, 1990). Quan es
desenvolupa aquest metode per primer cop en una especie en particular cal probar
diferents iniciadors i seleccionar aquells que proporcionen la major variabilitat entre
aillats independents. Un cop seleccionats, s’han de probar en cada afllat per separat 1
combinar el resultats obtinguts (Pujol et al,1997). Aquesta metodologia ha esdevingut

molt popular i s’ha utilitzat amb éxit en diversos estudis moleculars aixi com en la
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tipificacid de C. albicans (Bostok et al, 1993; Robert et al, 1995; Clemons et al, 1997;
Pyjol et al, 1997), C. tropicalis (Lin and Lehmann, 1995), C. glabrata (Scwab et al,
1997), C. parapsilosis (Lott et al, 1993), C. dubliniensis (Coleman et al, 1997), C.
lusitaniae (Lehman et al, 1992; King et al, 1995), 4. fumigatus (Anderson et al,
1996; Aufavre-Brown et al, 1992), 4. flavus (Bufflington et al, 1994), C. neoformans
(Brandt et al, 1995; Brandt et al, 1996; Boekhout et al, 1997; Franzot el al) i H.
capsulatum (Kersulyte et al, 1992; Woods et al, 1993).

Hi ha que tenir en compte que en aquest metode existeix el problema subjacent
de la reproductibilitat. Practicament, qualsevol aspecte metodologic poc afectar-la,
fins i tot el lot o procedencia de la Taq polimerasa. Aixo explicaria les dificultats de
reproductibilitat observades entre diferents laboratoris i fins hi tot, en un mateix

laboratori (Ellsworth et al, 1993; Loudon et al, 1995).

4.2.4 Analisi del cariotip. El descubriment de I’electroforesi en camp pulsant
(Pulsed Field Gel Electrophoresis) i les seves variants, va fer possible estudiar
fragments d’ADN de gran tamany. Com 1 ADN esta protegit a ’interior d’un bloc
d’agarosa no hi ha perill de ruptura al manipular-lo. L’ADN cromosomic dels llevats
es separa, segons el seu tamany, al sotmetre’l a una electroforesi en un camp eléctric
altern i es visualitza amb bromur d’etidi (Schwartz and Cantor, 1984). L’electroforesi
del cariotip s’ha utilitzat en multiples estudis per a la tipificacié de diferents especies
de Candida com C. albicans (Asakura et al, 1991; Barchesi et al, 1995a), C.
parapsilosis (Branchini et al, 1994; Pfaller at al, 1995), C. tropicalis (Doebbeling et
al, 1993), C. glabrata (Vazquez et al, 1993; Cormican et al, 1996), C. lusitaniae
(King et al, 1995) o C. krusei (Essayag et al, 1996). També s’ha emprat, entre altres,
en C. neoformans (Ingram et al, 1993; Barchiesi et al, 1995b; Fries et al, 1996;
Franzot el al, 1997), H. capsulatum (Steele et al, 1989) i C. immitis (Pan and Cole,
1992). Un inconvenient d’aquest meétode es que C. albicans pot presentar

reorganitzacions del seu cromosoma amb dos tipus de freqiiencia: alta i baixa (Suzuki
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et al, 1989; Ramsey et al, 1995) que produirien canvis en el cariotip. Una
modificacié d’aquests métode consistent en digerir el cromosoma amb endonucleases
de restriccié de baixa freqiiéncia abans de ’electroferest incrementa la complexitat
del perfil obtingut i P’efectivitat del métode (Cormican et al, 1996; Dikema et al,
1997).

55



II1.- OBJECTIUS




F.Marco Objectius

II1. OBJECTIUS.

1. Avaluar D’activitat in vitro d’un nou antifiingic azodlic (voriconazol) i dues
equinocandines (caspofungina, anidulafungina) enfront de diferents espécies de

Candida aillades en hemocultius

2. Congixer la freqii¢ncia de les diferents especies de Candida responsables de
candidémia en el nostre medi (1996-2001) i la seva sensibilitat als antifiingics,

incloent-hi els nous compostos voriconazol i anidulafungina.

3. Avaluar D’activitat in vitro de dos nous antifiingics azolics (voriconazol,
posaconazol) i dues equinocandines (caspofungina, anidulafungina) enfront de

diferents espécies de fongs filamentosos aillades en mostres cliniques.

4. Aval.lvar 1’aplicacié de la sonda semirepetitiva Ca3 en P’estudi del grau de
similitud dels aillats de Candida albicans en pacients amb candidemia i

ingressats en Unitats de Cures Intensives.
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In vitro activities of voriconazole (UK-109,496) and four other antifungal agents
against 394 clinical isolates of Candida spp. Antimicrob Agents Chemother 1998;
42:161-163. (FI: 3,503 / 2000)
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Voriconazole (formerly UK-109,496) is a new monotriazole antifungal agent which has potent activity against
Candida, Cryptococcus, and Aspergillus species. We investigated the in vitro activity of voriconazole compared to
those of fluconazole, itraconazole, amphotericin B, and flucytosine (SFC) against 394 bloodstream isolates of
Candida (five species) obtained from more than 30 different medical centers. MICs of all antifungal drugs were
determined by the method recommended by the National Committee for Clinical Laboratory Standards using
RPMI 1640 test medium. Overall, voriconazole was guite active against all the yeast isolates (MIC at which
90% of the isolates are inhibited [MIC,,], <0.5 pg/ml). Candida albicans was the most susceptible species
(MIC,,, 0.06 png/ml) and Candida glabrata and Candida krusei were the least (MIC,,, 1 pg/ml). Voriconazole
was more active than amphotericin B and SFC against all species except C. glabrata and was also more active
than itraconazole and fluconazole. For isolates of Candida spp. with decreased susceptibility to fluconazole and
itraconazole MICs of voriconazole were also higher. Based on these results, voriconazole has promising
antifungal activity and further in vitro and in vivo investigations are warranted.

Newer azoles such as fluconazole and itraconazole are fre-
quently used in the treatment of fungal infections due to Can-
dida spp. They offer potential advantages over amphotericin B,
including reduced toxicity and versatility of oral or intravenous
(fluconazole only) administration. However, acquired or in-
trinsic resistance to these compounds is well known, and fail-
ure of azole therapy has been reported (11, 12). There is,
therefore, a clear need for new drugs to improve the treatment
of fungal infections.

Voriconazole (UK-109,496) is a new monotriazole antifun-
gal agent obtained by modification of the structure of flucon-
azole (14). It exhibits dose-dependent pharmacokinetics and is
usually well tolerated after oral or intravenous administration
(10). Early clinical studies have suggested that voriconazole
may be effective in the treatment of oropharyngeal candidiasis
and of acute or chronic pulmonary aspergillosis (3, 4, 17). The
efficacy of voriconazole in experimental models of invasive
aspergillosis and in the treatment of Aspergillus fumigatus en-
docarditis has also been documented (5, 7, 8). Previous in vitro
investigations have shown activity against several fungal patho-
gens, including Candida spp., Cryptococcus neoformans, and
Aspergillus spp. (1, 6, 16). Barry and Brown (2) found that
voriconazole had better in vitro activity than fluconazole
against six Candida species. Ruhnke et al. (15) also reported
good activity of voriconazole against Candida albicans strains
isolated from patients with human immunodeficiency virus in-
fection. However, the number of clinical isolates of Candida
spp. included in these studies is limited, and there is a lack of
comparative data for other antifungal agents.

In this study, we evaluated the in vitro activities of voricon--
azole and four other antifungal agents against 394 clinical iso-
lates of Candida spp. The comparison agents tested were flu-
conazole, itraconazole, amphotericin B, and flucytosine (SFC).

* Corresponding author. Mailing address: Medical Microbiology Di-
vision, Department of Pathology, 606 GH, University of Iowa College
of Medicine, lowa City, IA 52242, Phone: (319) 384-9566. Fax: (319)
356-4916. E-mail: mptaller@blue.weeg.uiowa.edu.

T Present address: Microbiology Laboratory, Hospital Clinic, Uni-
versity of Barcelona, 08036-Barcelona, Spain.

The in vitro susceptibility testing method employed was a mi-
crodilution adaptation of the guidelines set forth by the Na-
tional Committee for Clinical Laboratory Standards (NCCLS)
-

MATERIALS AND METHODS

Yeast isolates. A total of 394 recent bloodstream isolates of Candidu spp.
obtained from 31 different medical centers were selected for this study. The
isolates included were C. albicans (206 strains), Candida glabrata (77 strains),
Candida tropicalis (54 strains), Candida parapsilosis (40 strains), and Candida
krusei (17 strains). All isolates were stored as suspensions in sterile distilled water
at room temperature until the study was performed. Prior to testing, each isolate
was subcultured at least twice on potato dextrose agar plates (Remel, Lenexa,
Kans.) to ensure purity and optimal growth.

Antifungal agents. Standard antifungal powders of voriconazole and flucon-
azole were supplied by Pfizer Inc., Central Research Division (Groton, Conn.).
Amphotericin B, 5FC, and itraconazole were obtained from their respective
manufacturers. Stock solutions were prepared in water (fluconazole and SFC),
dimethyl sulfoxide (amphotericin B), and polyethylene glycol (voriconazole and
itraconazole). Antifungal agents were diluted with RPMI 1640 medium (Sigma
Chemical Co., St. Louis, Mo.) which had been buffered to pH 7.0 with 0.165 M
morpholinepropanesulfonic acid (MOPS) bulfer (Sigma), and the mixtures were
dispensed into 96-well microdilution trays. Trays containing an aliquot of (.1 ml
in each well were sealed and frozen at —70°C until they were used in the study.
The NCCLS recommendations (9) were followed for the dilution of cach anti-
fungal agent. :

Antifungal susceptibility testing. Broth microdilution MICs were determined
by the NCCLS method (9). The final concentrations of the antifungal agents

- ranged from 0,015 to 16 pg/ml for voriconazole, (.125 to 128 pg/ml for flucon-
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azole, 1.007 to 8 pg/ml for itraconazole, 0.015 to 8 wg/ml for amphotericin B, and
.06 to 128 pg/mi for SFC. The yeast inoculum was adjusted to a concentration
of 1.5 % 107 t0 2.5 X 10* CFU/ml in RPMI 1640 medium, and an aliquot of (.1
mi was added to each well of the microditution tray. In each case, the inoculum
size was verified by colony counting. MIC endpoints were determined after
incubation for 48 h in ambient air at 35°C. For amphotericin B this endpoint was
defined as the lowest concentration that completely inhibited growth. For the
azole compounds and SFC the MIC was defined as the lowest concentration that
produced an 80% reduction of growth compared with that of the drug-free
growth control.

Quality control. C. parapsilosis ATCC 22019 and C. krusei ATCC 6258 were
used as quality control organisms and were included each time a set of isolates
was tested.

RESULTS AND DISCUSSION

Table 1 summarizes the MICs of voriconazole, itraconazole,
fluconazole, amphotericin B, and SFC for the 394 clinical iso-
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TABLE 1. In vitro susceptibilities of 394 clinical yeast isolates
to voriconazole and other antifungal agents

Org_zl.x?xsm ! Antifungal agent MIC (ug/mi)
(no. of isolates) - Range 50% 90%

C. albicans (206) Voriconazole =0.015->16 0.03 0.06
Itraconazole 0.03->8 0.125 0.25
Fluconazole =0.125->128 025 2
Amphotericin B 0.5-2 1 1
SFC =0.06->128 0.25 4

C. glabrata (77) Voriconazole 0.03-8 0.5 1
Itraconazole 0.06->8 1 4
Fluconazole 0.25->128 16 64
Amphotericin B -2 1 2
5FC =0.06~16 0.125 0.25

C. tropicalis (54) Voriconazole =0.015->16 0.06 0.125
Itraconazole 0.03->8 0.25 0.5
Fluconazole 025->128 0S5 -2
Ampbhotericin B 0.5-2 1 2
SFC =0.06->128 025 1

C. parapsilosis (40)  Voriconazole =0.015-1 0.06 0.25
Itraconazole 0.125-2 0.25 0.5
Fluconazole 0.25-16 1 8
Amphotericin B 0.5-2 1 2
5FC =0.06->128. 0.125 1

C. krusei (17) Voriconazole 0.25-1 0.5 1
Itraconazole 0.5-2 1 2
Fluconazole 32-128 64 128
Ampbhotericin B 1-2 2 2
SFC 16-64 32 64

All organisms (394) Voriconazole =0.015->16 0.06 0.5

Itraconazole 0.03->8 0.25 2
Fluconazole =0.125->128 05 16
Amphotericin B 0.5-2 1 2
SFC =0.06->128 0.25 8

tates of Candida spp. Overall, voriconazole was highly active
(MIC at which 90% of the isolates are inhibited {MIC,,}, 0.5
peg/ml) against all isolates, and C. albicans was the most sus-
ceptible species (MIC,,, 0.06 pwg/ml). C. glabrata and C. krusei
were the least susceptible to voriconazole (MIC,,, 1 pg/mi);
the most highly resistant strains were C. albicans and C. tropi-
calis strains (MIC, >16 pg/ml). Voriconazole was more active
than amphotericin B and 5FC against all species except C. gla-
brata and was also more active than itraconazole and flucon-
azole.

Among the 394 isolates studied, a total of 18 strains (7
C. albicans, 8 C. glabrata, and 3 C. tropicalis strains) from eight
different medical centers were resistant to both fluconazole
(MIC, =64 pg/ml) and itraconazole (MIC, =1 pg/ml) (13).
MICs of voriconazole for these strains were >16 pg/mt (seven
C. albicans and two C. tropicalis strains), 8 pg/ml (three C. gla-
brata strains), 4 pg/ml (three C. glabrata and one C. tropicalis
strain), and 2 pg/ml (two C. glabrata strains).

These results support and extend findings reported previ-
ously (1, 2, 12). Like Barry and Brown (2), we found that
voriconazole was more active than fluconazole against all Can-
dida isolates tested. In addition, the spectrum of activity was
better than that of itraconazole. This enhanced in vitro activity
against two species frequently considered refractory to azoles,
C. krusei and C. glabrata (MIC,,, 1 wg/ml), is remarkable.
Although pharmacokinetic studies with animal models have

ANTIMICROB. AGENTS CHEMOTHER.

found that levels of voriconazole in serum could range from 1
to 5 wg/ml (5, 7, 8) and similar levels are expected to be
achieved in humans, clinical trials are clearly required to prove
the utility of voriconazole in infections due to these two spe-
cies.

Ruhnke et al. (15) used a broth microdilution test following
the NCCLS guidelines (9) to determine the in vitro activities of
voriconazole and fluconazole against 105 isolates of C. albicans
recovered from the oral cavities of human immunodeficiency
virus-infected patients. They also observed that voriconazole
was more potent in vitro than fluconazole.

The data from standardized and reference in vitro suscepti-
bility testing indicate that voriconazole is more potent than.
either itraconazole or fluconazole against all clinical isolates
tested. Although others have reported that voriconazole could
be active against fluconazole-resistant C. albicans isolates (2,
15), we were unable to demonstrate this finding, and in our
study the MICs of voriconazole (>16 pg/ml) for fluconazole-
resistant C. albicans isolates tested were high. Even though
greater voriconazole activity was observed with eight C. gla-
brata isolates and one C. tropicalis isolate that were resistant to
fluconazole, MICs for these isolates were =2 wg/ml. These
data suggest a possible cross-resistance mechanism among
highly azole-resistant strains.

The translation of this in vitro activity into clinical efficacy
still needs to be established; however, Troke et al. (17) have
shown in a guinea pig model of systemic candidiasis that vori-
conazole efficacy was similar to that of fluconazole or itracon-
azole in C. albicans infections but that voriconazole was more
active when the animal was infected with C. krusei, C. glabrata,
or azole-resistant strains of C. albicans. Preliminary clinical
data also suggest that voriconazole is efficacious in the treat-
ment of oropharyngeal candidiasis, even that caused by flucon-
azole-resistant strains (15, 17). In view of the potent in vitro
activity demonstrated here as well as the promising early in
vivo information, voriconazole warrants further investigation.
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Activity of MK-0991 (L-743,872), a
New Echinocandin, Compared with
Those of LY303366 and Four Other
Antifungal Agents Tested Against
Blood Stream Isolates of Candida spp.

F. Marco,* M. A. Pfaller, S. A. Messer, and

R. N. Jones

" MK-0991 (formerly L-743,872) is a water soluble semisyn-
thetic echinocandin that possess potent, broad-spectrum anti-
fungal activity. We evaluated the in vitro activity of MK-0991
and an echinocandin derivative LY303366, compared with that
of itraconazole, fluconazole, amphotericin B and 5-flucytosine
against 400 blood stream isolates of Candida spp. (nine spe-
cies) obtained from more than 30 different medical centers.
MICs for all antifungal drugs were determined by the NCCLS
method using RPMI 1640 test medium. Both MK-0991 and
LY303366 were very active against all Candida spp. isolates
(MICyy, 0.25 and 1 pg/mL, respectively). MK-0991 was two-
fold to 256-fold more active than amphotericin B, fluconazole,

INTRODUCTION

In the last few years, considerable efforts have been
dedicated to developing new antifungal agents that
interact with a fungal structure not found in other
eukaryotic cells (Debono and Gordee 1994). In the-
ory, the fungal cell wall is a potential target that
fulfills this principle and compounds that inhibit its
biosynthesis should have lower side effects when
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itraconazole (except against C. parapsilosis), and
5-flucytosine (except against C. glabrata and C. parapsilo-
sis). LY303366 was comparable to MK-0991, but was fourfold
less active against C. tropicalis (MIC,,, 0.5 versus 0.12 pg/
mlL) and C. parapsilosis (MICy,, >2 versus 1 ug/mL). All of
the isolates for which fluconazole and itraconazole had elevated
MICs (=64 pg/mL and =1 pg/mL, respectively) were inhib-
ited by <0.5 pg/mL of MK-0991 and LY303366. These results
suggest both MK-0991 and LY303366 possess promising anti-
fungal activity and further in vitro and in vivo investigations
are warranted.  © 1998 Elsevier Science Inc.

administered to humans. Echinocandins are cyclic
hexapeptides that disrupt cell wall glucan formation
by a noncompetitive inhibition of B-(1-3)-glucan-
synthase (Debono and Gordee 1994). This enzyme
catalyzes the polymerization of UDP-glucose into
B-(1-3)-D-glucan, an essential cell wall component
for fungi. Echinocandins exhibit fungicidal activity
against Candida spp. (Bartizal et al. 1995) and their
potential role as therapeutic agents for disseminated
candidiasis and aspergillosis has been demonstrated
in animal models (Abruzzo et al. 1995).

MK-0991 (L-743,872) is a new water-soluble echi-
nocandin derivative that has been shown to have
potent in vitro activity against Candida spp. (Bartizal
et al. 1997; Espinel-Ingroff 1996; Vazquez et al. 1997),
Aspergillus spp. (del Poeta et al. 1996; Espinel-Ingroff
1996), and Histoplasma capsulatum (Espinel-Ingroff
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1996). The efficacy of MK-0991 in animal models of
disseminated candidiasis (Abruzzo et al. 1997; Gray-
bill et al. 1997), aspergillosis (Abruzzo et al. 1997),
and histoplasmosis (Graybill et al. 1998) has also
been reported. In addition, MK-0991 has been found
to be useful in the treatment and prevention of Preu-
mocystis carinii pneumonia in murine models (Powles
et al. 1996).

In this report we compared the in vitro activity of
MK-0991 with that of an echinocandin derivative,
LY303366, and four established antifungal agents
against -400 recent blood stream isolates of Candida
spp.. The in vitro susceptibility testing method used
was the broth microdilution procedure outlined in
the NCCLS M27-A document (NCCLS 1997).

MATERIALS AND METHODS
Organisms

A total of 400 recent blood stream isolates of Candida
spp. obtained from 31 different medical centers be-
tween 1993 and 1996 were tested in this study. The
isolates included were C. albicans (206 isolates), C.
glabrata (77 isolates), C. tropicalis (54 isolates), C.
parapsilosis (40 isolates), C. krusei (17 isolates), C. lus-
itanige (three isolates), and one isolate each of C.
famata, C. rugosa, and C. guilliermondii. All isolates
were stored as suspensions in sterile distilled water
at room temperature until the study was performed.
Before testing, each isolate was subcultured at least
twice on potato dextrose agar plates (Remel, Lenexa,
KS, USA) to ensure purity and optimal growth.

Antifungal Agents

MK-0991 and LY303366 were obtained as standard
antifungal powders from Merck Research Laborato-
ries (Rahway, NJ, USA) and Eli Lilly and Company
(Indianapolis, IN, USA), respectively. Amphotericin
B, flucytosine, fluconazole, and itraconazole were
supplied by their respective manufacturers. Stock
solutions were prepared in water (MK-0991, flucon-
azole, and flucytosine), dimethyl sulfoxide (ampho-
tericin B and LY303366), or polyethylene glycol (itra-
conazole). Plastic microdilution trays were prepared
with RPMI 1640 medium (Sigma Chemical Co., St.
Louis, MO, USA) buffered to pH 7.0 with 0.165 M
morpholinepropanesulfonic acid (MOPS) buffer (Sig-
ma) and containing the appropriate dilution of each
antifungal drug. Trays containing an aliquot of 0.1
mL in each well were sealed and frozen at —70°C
until they were used in the study. The recommenda-
tions stated in the NCCLS document M27-A (NCCLS
1997) were followed for the dilution of each antifun-
gal agent. The final concentration of the antifungal
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agents ranged from 0.007 to 8 pug/mL for MK-0991,
0.001 to 2 ug/mL for LY303366, 0.125 to 128 pg/mL
for fluconazole, 0.007 to 8 pug/mL for itraconazole,
0.015 to 8 ug/mL for amphotericin B, and 0.06 to 128
pg/mL for 5-flucytosine.

Antifungal Susceptibility Testing

Broth microdilution MICs were determined by the
NCCLS M27-A methodology (NCCLS 1997). Yeast
inoculum was adjusted to a concentration of 0.5 to
2.5 X 10°> CFU/mL and an aliquot of 0.1 mL was
added to each well of the microdilution tray. In each
case, the inoculum size was verified by colony
counts. MIC endpoints were determined after an
incubation of 48 h in air at 35°C with the aid of a
reading mirror. For MK-0991, LY303366, and ampho-
tericin B this endpoint was the lowest concentration
of antifungal agent that completely inhibited growth.
MICs of itraconazole, fluconazole, and flucytosine
were defined as the lowest concentration that pro-
duced a prominent decrease in turbidity (~50% in-
hibition) when compared with that of the drug-free
growth control (NCCLS 1997).

Quality Control

The two quality control strains recommended in the
NCCLS document M27-A (NCCLS 1997), C. parapsi-
losis ATCC 22019 and C. krusei ATCC 6258, were

used as quality control organisms and included each
time a set of isolates was tested.

RESULTS AND DISCUSSION

The in vitro activities of MK-0991 and LY303366
compared with those of itraconazole, fluconazole,
amphotericin B, and flucytosine are summarized in
Table 1. Both MK-0991 and LY303366 were very ac-
tive against all Candida isolates (MICg,, 0.25 and 1
pg/mL, respectively). MK-0991 was twofold to 16-
fold more active than amphotericin B against all
isolates tested and eightfold to 64-fold more active
than flucytosine against all isolates except for C. gla-
brata and C. parapsilosis. By comparison with the two
triazoles, MK-0991 displayed more potent in vitro
activity than fluconazole (eightfold to 256-fold more
active) and itraconazole (twofold to 16-fold more
active) against all isolates, except C. parapsilosis.
LY303366 was generally comparable to MK-0991, but
was fourfold less active against C. tropicalis (MICq,
0.5 versus 0.12 ug/mL) and C. parapsilosis (MICgq, >2
versus 1 pg/mL).

The in vitro activity of MK-0991 and LY303366
against 18 isolates (seven C. albicans, eight C. glabrata
and three C. tropicalis) from eight different medical
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TABLE 1 In Vitro Susceptibilities of 400 Clinical Yeast Isolates to MK-0991, LY 303366, Itraconazole,
Fluconazole, Amphotericin B, and Flucytosine
Organism Antifungal MIC (ug/ml)
(no. of isolates) Agent Range - 50% 90%

C. albicans (206) MK-0991 0.015-05 0.06 0.125
LY303366 0.06-1 0.25 0.25
Itraconazole 0.03->8 0.125 0.25
Fluconazole =0.125->128 0.25 2
Amphotericin B 0.5-2 1 1
Flucytosine =0.06->128 0.25 4

C. glabrata (77) - MK-0991 0.03-0.5 0.06 0.25
LY303366 0.125-2 0.25 0.25
Itraconazole 0.03->8 1 4
Fluconazole 0.25->128 16 64
Amphotericin B 1-2 1 2.
Flucytosine =0.06-16 0.125 0.25

C. tropicalis (54) MK-0991 0.03-0.25 : 0.06 0.125
LY303366 0.06->2 0.25 0.5
Itraconazole 0.03->8 0.25 0.5
Fluconazole 0.25->128 0.5 2
Amphotericin B 0.5-2 1 2
Flucytosine =0.06->128 0.25 1

C. parapsilosis (40) MK-0991 0.03-2 0.5 1
LY303366 0.125->2 >2 >2
Itraconazole 0.125-2 0.25 0.5
Fluconazole 0.25-16 1 8
Amphotericin B 0.5-2 1 2
Flucytosine =0.06~->128 0.125 o1

C. krusei (17) MK-0991 0.125-1 0.5 1
LY303366 - 0.125-1 0.25 05
Itraconazole 052 1 2
Fluconazole 32-128 64 128
Amphotericin B 1-2 2 2
Flucytosine 1664 32 64

Candida spp. (6)° MK-0991 0.06->8 0.125 —
LY303366 0.125->2 0.5 —
Itraconazole 0.06-2 025 —
Fluconazole 0.25-16 2 —
Amphotericin B -2 1 —
Flucytosine 0.06-2 0.5 —

All organisms (400) MK-0991 + 0.015—>8 0.06 0.25
LY303366 0.06—>2 0.25 1
Itraconazole 0.03—>8 0.25 2
Fluconazole =0.125->128 0.5 16
Amphotericin B 0.5-2 1 2
Flucytosine =0.06->128 0.25 8

?Includes C. lusitaniae (three isolates), C. rugosa (one isolate), C. guilliermondii (one isolate) and C. famata (one isolate).

centers that were resistant to fluconazole (MIC =64
pg/mL) and itraconazole (MIC =1 pg/mL) (Rex et
al. 1997) was also examined. All of these isolates
were inhibited by =0.5 pug/mL of both echinocan-
dins (data not shown), but MK-0991 showed more
potent in vitro activity than LY303366 (MICs,/
MICy, 0.06/0.25 pg/mL versus 0.25/0.5 pg/mL, re-
spectively).

These results extend the previous observations of
the in vitro activity of the echinocandin antifungal

agents (Bartizal et al. 1997; Espinel-Ingroff 1996;
Pfaller et al. 1997; Vazquez et al. 1997). We found
MK-0991 to be very active in vitro against most spe-
cies of Candida spp. All isolates of C. albicans, C.
glabrata, and C. tropicalis were inhibited by =0.5 pg of
MK-0991 per milliliter. Although C. krusei (range
0.125 to 1 ug/mL) and C. parapsilosis (range 0.03 to 2
pg/mL) isolates showed higher MICs than the other
species, the only strain with a MIC >2pg/mL was an
isolate of C. rugosa (MIC >8ug/mL). In agreement
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with Nelson et al. (1997) and Vazquez et al. (1997),
we also observed that MK-0991 displayed similar in
vitro activity against both azole-resistant and azole-
susceptible strains. LY303366 results were compara-
ble to those reported previously by Pfaller et al.

(1997) against clinical isolates of Candida spp. and
other yeast species.

Kurtz et al. (1994) have reported that the echino-
candins, as cell wall synthesis inhibitors, confer sus-
ceptibility to lysis in the absence of osmotic support.
It should be noted that in our study we have used a
hyperosmotic medium, buffered RPMI 1640, as de-
scribed in the NCCLS document M27-A (NCCLS
1997). The correlation of these results into clinical
efficacy may therefore be understimated; however,
the efficacy of MK-0991 in an animal model of dis-
seminated candidiasis has recently been demon-
strated by Abruzzo et al. (1997).

In summary, MK-0991 is a promising new anti-
fungal agent to add to the current series of investi-
gational echinocandins. Like LY303366, it exhibits

REFERENCES

Abruzzo GK, Flattery AM, Gill ], Kong L, Smith JG,
Krupa D, Pikounis VB, Kropp H, Bartizal K (1995) Eval-
uation of water-soluble pneumocandin analogs
L-733560, L-705589 and L-731373 with mouse models of
disseminated aspergillosis, candidiasis, and cryptococ-
cosis. Antimicrob Agents Chemother 39:1077-1081.

Abruzzo GK, Flattery AM, Gill CJ, Kong L, Smith ]G,
Pikounis VB, Kropp H, Bartizal K (1997) Evaluation of
the echinocandin antifungal MK-0991 (L-743,872): effi-
cacies in mouse models of disseminated aspergillosis,

candidiasis, and cryptococcosis. Antimicrob Agents Che-
mother 41:2333-2338.

Bartizal K, Gill CJ, Abruzzo GK, Flattery AM, Kong L, Scott
PM (1997) In vitro preclinical evaluation studies with
the echinocandin antifungal MK-0991 (L-743,872). Anti-
microb Agents Chemother 41:2326-2332.

Bartizal K, Scott T, Abruzzo GK, Gill CJ, Pacholok C, Lynch
L, Kropp H (1995) In vitro evaluation of the pneumo-
candin antifungal agent L-733560, a new water-soluble
hybrid of L-705589 and L-731373. Antimicrob Agents Che-
mother 39:1070-1076.

Debono M, Gordee RS (1994) Antibiotics that inhibit fungal
cell wall development. Annu Rev Microbiol 48:471-497.

del Poeta M, Schell WA, Perfect JR (1996) In vitro antifun-
gal activity of 1.-743,872 against a variety of clinicaily
important moulds. Antimicrob Agents Chemother
41:1835-1836.

Espinel-Ingroff A (1996) In vitro studies with L-743,872, a
water soluble pneumocandin: a comparative study
(Abstr. F31). Programs and Abstracts of the 36th Inter-
science Conference on Antimicrobial Agents and Chemother-
apy, New Orleans, LA, 1996. Washington, DC: American
Society for Microbiology, p. 105.

Franzot SP, Casadevall A (1997) Pneumocandin 1.-743,872
enhances the activities of amphotericin B and flucon-

F. Marco et al.

potent in vitro activity against both fluconazole-
susceptible and fluconazole-resistant Candida strains
and results against several ‘medically important
moulds are encouraging (del Poeta et al. 1996;
Espinel-Ingroff 1996). As expected, little in vitro ac-
tivity has been observed against Cryptococcus neofor-
mans (Abruzzo et al. 1997; Espinel-Ingroff 1996);
however, Franzot et al. (1997) have found synergistic
activity when MK-0991 was combined with ampho-
tericin B or fluconazole. Based on the available data,
both MK-0991 and LY303366 deserve further inves-
tigation. The potential role of these compounds in

the treatment of clinical infections should be consid-
ered.
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Abstract.

The frequency of isolation and antifungal susceptibility patterns to established
and two new antifungal agents were determined for 218 Candida spp isolates causing
bloodstream infection from 1996 to 2001. Overall, 41.7% of the candidemias were due
to C. albicans, followed by C. parapsilosis (22%), C. tropicalis (16.1%), C. glabrata
(11.9%), C. krusei (6%) and miscellaneous Candida spp (2.3%). Isolates of C. albicans
C. parapsilosis and C. tropicalis (80% of isolates) were highly susceptible to
fluconazole (94 to 100% at < 8 pug/ml) and voriconazole (97 to 100 % at < 1 pg/ml).
However, against these isolates, itraconazole displayed a lower in vitro activity (77 to 97
% at <0.12 pg/ml). Only 77% and 11% of C. glabrata isolates were inhibited by
fluconazole at < 8 pg/ml and itraconazole at <0.12 pg/ml, respectively. Voriconazole
showed a remarkable in vitro potency against C. glabrata as well as C. krusei isolates
(100% at < 1 pg/ml). Anidulafungin demonstrated to be extremely active against
Candida spp isolates (MIC90: < 0.5 pg/ml), except C. parapsilosis (MIC90: 4 pg/ml)
and two C. guilliermondii isolates (MIC: > 32 pg/ml).



Introduction.

The incidence of systemic, often life-threatening fungal infections has increased
steadily over the past two decades (Fridkin et al, 1996; McNeil et al, 2001; Rees et al,
1999). Several factors like the proliferation of patients who are severely
immunocomprdmised by cancer chemotherapy, organ transplantation or HIV infection
and patients who have been subjected to systemic glucocorticosteroids, broad spectrum
antibacterials, or invasive medical procedures have contributed to this fact (Fridkin et al,
1996; Walsh et al, 1994 ). Although Candida albicans and Aspergillus spp account for
most of the invasive infections in these patients, non-albicans Candida spp. and
previously uncommon opportunistic fungal pathogens such as Fusarium spp.,
zygomicetes, and dematiaceous molds are observed with increasing frequency in these

patients (Annaissie, 1992; Kao et al, 1999; Perfect et al, 1996).

In recent years, it seems that there has been a shift in the spectrum of Candida
infections. In a multicenter, prospective study of candidemia conducted between 1990
and 1994, the incidence of candidemia due to non- albicans spp. surpassed that due to
C. albicans in the latter half of the study (Nguyen et al, 1996). In more recent studies,
although C. albicans was still the most common cause of fungemia in USA, Canada,
Europe, and Latin America, an expanding incidence of other species was observed
(Pfaller et al. 2000; Pfaller et al, 2001). C. glabrata, a species associated with the
increased use of azole antifungal agents (Abi-Said, et al, 1997, Wingard et al, 1993),
was the leading cause of candidemia after C. albicans in the USA and the second in
Canada and Europe (Pfaller et al, 2001). In the last two geographic areas and Latin
America, the species that ranked second behind C. albicans was C. parapsilosis (Pfaller
et al, 2001).

In the past decade, pharmaceutical companies have devoted great efforts to
improve old antifungal agents and develop new compounds that can help to the

treatment of fungal infections. Among them, new triazoles like voriconazole and



anidulafungin, a member of the echinocandin family, have demonstrated a broad
spectrum of in vitro activity against commonly fungal pathogens (Krishnarao et al,

1997; Marco et al, 1998a and 1998b; Pfaller et al 1998 and 1999)

The aim of this study was to determine the frequency of occurrence and species
distribution of Candida spp isolated in blood cultures within the last six years in our
institution. In addition, the activity and potency of established antifungal agents as well

as the new azole derivative voriconazole and anidulafungin, is also described.

Materials and Methods.

Setting: The Hospital Clinic of Barcelona is a university teaching hospital with 700
beds that serves a direct population close to 500.000 inhabitants. It has a median
number of 35.000 admissions/year and provides universal health care coverage. The
hospital has 40 ICU beds and several active transplant programs including bone marrow

and solid organ transplantation.

Organisms. All Candida isolates recovered from blood cultures (Bactec 9240, Becton
Dickinson) between 1996 and 2001 were identified by standard methods including
CHROMagar Candida Medium (CHROMagar, France), API C (bioMerieux, France) or
Auxacolor (BioRad, France). Isolates were stored in sterile distilled water at room

temperature until susceptibility testing was performed.

Antifungal agents. The antifungal drugs tested in this study were obtained as standard
powders of known potency from the following manufacturers: voriconazole and
fluconazole (Pfizer Central Research, Sandwich, UK), itraconazole (Janssen, Beerse,
Belgium) amphotericin B (Squibb, Princeton, NJ, USA), 5-flucytosine (Sigma, Madrid,
SPAIN) and anidulafungin, previously LY303366, (Eli Lilly and Company,
Indianapolis, IN, USA). Stocks solutions were prepared in dimethyl sulfoxide



(voriconazole, itraconazole, amphotericin B, and anidulafungin) or sterile distilled water

(fluconazole and 5-flucytosine).

Antifungal susceptibility testing. Broth microdilution minimal inhibitory
concentrations (MICs) were determined by the NCCLS M27-A methodology using
RPMI 1640 medium buffered to pH 7.0 with 0.165 M morpholine propanesulfonic acid
(MOPS) buffer. Before to add the inoculum, trays were prepared containing an aliquot
of 0.1 ml in each well of appropriate drug solution (2x final concentration). The final
concentration of the antifungal agents ranged from 0.03 to 32 pg/ml for voriconazole,
itraconazole, amphotericin B and anidulafungin, and 0.12 to 128 pg/ml for fluconazole
and 5-flucytosine. Before to test, isolates were cultured at least twice in Sabouraud
dextrose agar to assure their viability. Yeast inocula were adjusted to a concentration of
0.5 to 2.5 x 10’ UFC/ml. MIC endpoints were determined after an incubation of 48 h in
air at 35°C with the aid of a reading mirror. For amphotericin B and anidulafungin the
MIC endpoint was the lowest concentration of antifungal agent that completely inhibited
growth. MICs of azole compounds and 5-flucytosine were defined as the lowest
concentration that produced an 80% reduction of growth or prominent decrease in

turbidity when compared with that of growth control well.

Susceptibility results were analyzed using the criteria published in the NCCLS
document M27A for fluconazole (S: <8 pg/ml; SDD: 16-32 pg/ml, and R: >64 ug/ml),
itraconazole (S: <0.12 pg/ml; SDD: 0.25-0.5 pg/ml, and R: >1 pg/ml) and 5-flucytosine
(S: <4 pg/ml; I 8-16 pg/ml, and R: >32 pg/ml). For voriconazole, a breakpoint of <1

ng/ml was used based on previous pharmacokinetic studies (Sheehan et al, 1999).

Quality control. The two QC strains recommended in the NCCLS document M27-A,
C. parapsilosis ATCC 22019 and C. krusei ATCC 6258, were used as quality control

organisms and included each time any testing was performed.



Results and Discussion

Species isolated. During the six-year period, a total of 218 Candida isolates
were recovered from blood cultures submitted to the microbiology laboratory. Along the
period study, these isolates accounted for 3 to 5% of nosocomial blood stream infections
and they represented the seventh to ninth-most-common cause of this infections in our

institution (Blood cultures study group, personal communication).

Table 1 summarizes the species distribution, number of isolates and the
corresponding percentage of Candida bloodstream isolates from 1996 to 2001. C.
albicans was the most commonly species identified each year accounting for 29.3 to
59.3% of all Candida isolates. However, in the last five years (1997 to 2001) the
frequency of isolation of this species was lower than 50% and was surpassed by non-
albicans Candida species isolates. C. parapsilosis (22%) was the second-most-common
species the six years except in 1997. The overall rank order of C. tropicalis (35 strains,
16.1%) and C. glabrata (26 strains, 11.9%) was third and fourth. C. krusei (6%) was the
less common species isolated and miscellaneous Candida spp (2.3%) was encountered
occasionally. The rank order of species and their distribution over the years in our
hospital is quite similar to the recently described by Pfaller et al (Pfaller et al, 2001) in
Latin America with data collected by the Sentry antimicrobial surveillance program,
from 1997 to 1999. In the same report, data from European hospitals showed a higher
number of C. albicans isolates (58%) that in our center (41.7%). The differences are still
more pronounced if we compare the same period of time (1997 to 1999): 58% vs.
39.4%. As Pfaller et al have previously noted (Pfaller et al, 1999; Pfaller et al, 2001),
the proportion of species isolated varies considerably among medical centers and
probably, the reasohs for such differences can be attributed to many facts. Several
reports have postulated that the widespread use of azole drugs in prophylaxis regimens
to prevent fungal infections could be linked to a higher number of C. glabrata and C.
krusei infections (Abi-Said et al, 1997; Wingard et al, 1991; Wingard et al, 1993). In our



institution, azole compounds (fluconazole and itraconazole) are extensively used since
they were commercialized, predominantly in patients with bone marrow or organ solid
transplant (Harousseau et al, 2000). The overall percentage of both, C. glabrata and C.
krusei, recovered along the study period was 17.9%. Most of C. glabrata and all C.
krusei isolates were recovered in patients with azole prophylaxis regimen (Blood
cultures study group, personal communication) but, the low number of isolates
identified each year and the high percentage of these species isolated in 1998 clearly
conditioned the final results. Poor care of intravascular catheters or a gap in infection
control practice seems to be involved in C. parapsilosis bloodstream infections (Levin
et al, 1998). Because of we have detected a high percentage of infections due to this
species (22%), a review of our catheter care guidelines is ongoing. Finally, another
reason that could contribute to the differences observed among medical centers is the
low number of isolates recovered in some locations. A clear example is the data from
the three Spanish hospitals participating in the Sentry program, that are very similar to
our institution, but they have reported only 21, 14 and less than 10 isolates in a three-

year period study (Pfaller et al, 2001).

Susceptibility results. The antifungal activities of voriconazole, fluconazole,
itraconazole, amphotericin B, 5-flucytosine and anidulafungin against the 218 Candida
spp isolated during the study period are shown in Table 2. Among azole compounds,
voriconazole was the most active drug overall with a MIC90 of 0.25 pg/ml. For these
particular drugs, the rank order of activity (based on MIC90 results) was voriconazole
(MIC90, 0.25 pg/ml) > itraconazole (MIC90, 0.5 pg/mi) > fluconazole (MIC90, 8
ng/ml). Against C. albicans, C. parapsilosis and C. tropicalis isolates, voriconazole
(MIC90, <0.03-0.25 pg/ml) was four to eight-fold and 16 to 32-fold more active than
itraconazole =~ (MIC90, 0.12-1 pg/ml) and fluconazole (MIC90, 0.5-8 pg/ml),
respectively. Voriconazole and itraconazole displayed similar in vitro activity against C.
glabrata (MIC90, 0.5 and 1 pg/ml, respectively) and both drugs showed lower MICs

than fluconazole.



Table 3 summarizes the percentages of strains inhibited by the three azoles
compounds using the categories suggested by the NCCLS M27A document (NCCLS,
1997) for fluconazole and itraconazole. Voriconazole breakpoint of <1 pg/ml is also
included for comparison purposes. Fluconazole showed a high activity and inhibited, at
a MIC of <8 ng/ml (susceptible category), 99%, 100% and 94% of C. albicans, C.
parapsilosis and C. tropicalis isolates, respectively. The number of isolates of these
species categorized as susceptible to itraconazole (<0.12 pg/ml) were lower than
fluconazole and 11% of C. tropicalis isolates were resistant (>1 pg/ml). C. glabrata was
less susceptible to both triazole compounds. Twenty-three percent and 39% of isolates
were susceptible dose-dependent to fluconazole (16-32 pg/ml) and itraconazole (0.25-
0.5 pg/ml), respectively. Interestingly, 46% of isolates were found to be resistant to
itraconazole (>1 pg/ml) and none to fluconazole (> 64 pg/ml). Among the three-azole
drugs compared, voriconazole displayed the better activity and inhibited the majority of
isolates at the breakpoint proposed (<1 pg/ml). Only two isolates (one C. albicans and
one C. tropicalis), also resistant to fluconazole (MIC >128 ug/ml), showed a MIC of 8
pg/ml. Our voriconazole results are in agreement with the findings reported by other

authors (refs) and they support the promising future of this compound for the treatment

of Candida spp infections.

The echinocandin drug tested, anidulafungin, inhibited all Candida spp isolates
with a MIC of < 0.5 pg/ml, except C. parapsilosis (MIC90, 4 pg/ml) and two C.
guilliermondii (MIC >32 pg/ml) isolates. These results are also in concordance with the
previously encountered by other investigators (Krishnarao et al, 1997; Marco et al,
1998; Pfaller et al, 1997). It should be mentioned that higher MICs against C.
parapsilosis in comparison with other Candida spp isolates is also observed with the
other two currently developed echinocandin compounds, caspofungin and micafungin
(Krishnarao et al, 1997; Marco et al, 1998; Tawara et al, 2000). Pharmacokinetic studies
suggest that a plasmatic concentration near to C. parapsilosis MICs can be achieved

when anidulafungin is administrated (Brown et al, 2000). For that reason, in locations



-

where the incidence of infections due to this species is high, empirical treatment with
this antifungal drug should be cautious until Candida isolate is speciated.

The pyrimidine 5-flucytosine showed a remarkable in vitro activity against all
species, except C. krusei. Resistance to this drug in species potentially susceptible was
detected in only one C. parapsilosis and one C. tropicalis isolates with a MIC > 128
pg/ml. As expected, MICs of amphotericin B were very narrow and although they
ranged from 0.06 to 1 pg/ml, 92% of isolates had a MIC between 0.25 and 1 pg/ml (data

not shown).

In summary, our results show that C. albicans remains the Candida species most
frequently implicated in nosocomial candidemia in our institution followed by C.
parapsilosis and C. tropicalis. However, the frequency of candidemia attributable to C.
albicans accounted for less than 50% in the last 5 years. Currently, resistance to
fluconazole in the 80% of isolates recovered (C. albicans, C. parapsilosis, and C.
tropicalis) remains rare. Isolates intrinsically resistant to fluconazole (C. krusei, 6%), or
with decreased susceptibility to this drug, like C. glabrata (11.9%), were clearly
inhibited by the new triazole compound voriconazole. Anidulafungin also demonstrated

excellent in vitro activity against commonly isolated species, except C. parapsilosis.

TABLE 1. Species distribution of 218 Candida strains isolated from blood cultures from
1996 to 2001.

Number of isolates (%) by year
Species 1996 1997 1998 1999 2000 2001 Total
C. albicans 16 (59.3) 12(42.9) 12(29.3) 18(46.1) 15(42.9) 18(37.5) 91 (41.7)
C. parapsilosis 6(22.2) 3(10.7) 11(26.8) 9(23.1) 8(22.9) 11(22.9) 48(22)
C. tropicalis  2(74) 8(286) 5(122) 7(18) 6(17.1) 7(146) 35(16.1)
C. glabrata 2(74) 3(108) 9(219) 3(7.7) 4(114) 5(104) 26(11.9)

C. krusei 1(37) 1(36) 4098 2(G.1) 2057 3(63) 13(6)
Candidaspp - 1°(3.6) - - - 4°(83) 5(23)
All species 27 28 41 39 35 48 218

a) C. guilliermondii; b) C. guilliermondii and C. famata (one isolate each), Candida spp (two isolates).



TABLE 2. In vitro susceptibilities of 218 Candida spp bloodstream isolates to
voriconazole, fluconazole, itraconazole, amphotericin B, S-flucytosine and

anidulafungin
MIC (pg/ml)

Organisms Antifungal

(No. of isolates) agent Range 50% 90%

C. albicans(91) voriconazole <0.03-8 <0.03 <0.03
fluconazole <0.12->128 0.25 0.5
itraconazole <0.03-8 <0.03 0.12
amphotericin B 0.06-1 0.25 0.5
5-flucytosine <0.12-1 <0.12 0.5
anidulafungin <0.03-0.25 0.06 0.12

C. parapsilosis(48) voriconazole <0.03-0.06 <0.03 <0.03
fluconazole 0.12-8 0.5 1
itraconazole <0.03-1 0.06 0.25
amphotericin B 0251 05 1
5-flucytosine <0.12->128 <0.12 0.25
anidulafungin 2-8 2 4

C. tropicalis(35) voriconazole <0.03-8 <0.03 0.25
fluconazole 0.25->128 1 8
itraconazole <0.03-1 0.06 1
amphotericin B 0.25-1 0.5 1
5-flucytosine <0.12->128 <0.12 0.5
anidulafungin <0.03-0.5 0.12 0.25

C. glabrata (26) voriconazole <0.03-1 0.12 0.5
fluconazole 0.5-32 4 32
itraconazole 0.06-4 0.5 1
amphotericin B 0.12-1 0.5 1
5-flucytosine <0.12-4 <0.12 0.25
anidulafungin 0.12-0.25 0.12 0.12

C. krusei (13) voriconazole 0.03-0.5 0.5 0.5
fluconazole 32-64 64 64
itraconazole 0.12-1 0.5 1
amphotericin B 0.5-1 1 1
5-flucytosine 8-32 16 32
anidulafungin 0.12-0.5 0.25 0.5



Table 2, continued.

Candida spp (5)* voriconazole 0.03-0.06 0.06
fluconazole 1-4 2
itraconazole 0.12-1 0.5
amphotericin B 0.06-0.25 0.12
5-flucytosine <0.12-1 <0.12
anidulafungin <0.03->32  0.12

All strains (218) voriconazole <0.03-8 <0.03 0.25
fluconazole <0.12->128 0.5 8
itraconazole <0.03-8 0.06 0.5
amphotericin B 0.06-1 0.5 1
5-flucytosine <0.12->128 <0.12 1
anidulafungin <0.03->32  0.12 4

* Candida famata (1 isolate), C. guilliermondii (2 isolates) and Candida spp (2 isolates)

Table 3. Isolates inhibited (%) at each MIC (ug/ml) for fluconazole, itraconazole and
voriconazole.

FLU ITR VOR
Species <8 16-32 >64 <0.12 0.25-0.5 >1 <1
C. albicans 99 - 1 97 2 1 99
C. parapsilosis 100 - - 83 5 2 100
C. tropicalis 94 3 3 77 12 11 97
C. glabrata 77 23 - 15 39 46 100
C. krusei - 38 62 8 69 23 100

FLU: fluconazole, ITR: itraconazole, VOR: voriconazole.
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Antlfungal actmty.of a new trlazole, vorlco azole A
(UK-109,496), compared w:th ‘three other antlfungal
agents tested aga-mst chmcal |solates of filamentous fungi

F. MARCO * M. A, PFALLER S A. MESSER & R. N. jONES o
Medical Mncrob:ology Division, Department of Pathology, Umversny of Iowa College of Med:cme, l

Gt;', lowa, USA

. Voriconazole is a new trizizole antifungal agent with potent activity against yeast and
moulds. We investigated the in vitro activity of voriconazole, itraconazole, amphotericin
B and 5-flucytosine against 51 clinical isolates of filamentous fungi. Overall, vo-
riconazole was active (MICs, 0-5mgl~! and MIC,,, 8 mgl™?) against these mould
isolates. Voriconazole was most active against P. boydii (MICs,, 0-12mg1~") and
Aspergillus spp. (MICy,, 0-5mgl~") and least active against Fusarium spp. (MICs,
8mgl™") and Rhizopus spp. (MICs, 8 mgl~"). Voriconazole was more active than
amphotericin B against Aspergillus spp. and P. boydii. By comparison with itraconazole,
voriconazole was more active against all isolates except Rhizopus spp. Based on these
results, vonconazole has. promising activity against commonly- encountered isolates
of filamentous fungi and its clinical usefulness should be estabhshed by further studies.

‘ Keywords tnazole vonconazole moulds

Introduction

Voriconazole (UK-109,496) is a novel wide-spectrum
triazole which has potent in vitro activity against Can-
dida spp. and Aspergillus spp. [1-3}. Pharmacokinetic
studies have shown a good bioavailability after oral or
intravenous administration and reduced toxicity [4]).

Early clinical studies have documented its promising
usefulness in the treatment of oropharyngeal candidosis
and invasive aspergillosis [3,6]. Voriconazole has also
been found to be effective in experimental models of
pulmonary aspergillosis and in prevention and treat-
ment of Aspergdh:s ﬁamgatus endocarditis in guinea
pigs [7.8}. . A
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In this report we describe the in vitro activity of
voriconazole tested against several filamentous fungi
isolated from recent clinical infections. The comparative
antifungal drugs tested were itraconazole, amphotericin
B and flucytosine. The in vitro susceptibility testing was

performed using the broth microdilution version of the . 2

NCCLS reference method described in the M27-A
document [9,104.

Materials and methods

The following 51 recent clinical isolates were included
in the study:- A fumigatus (12 isolates), 4. flavus (10
isolates), Fusarmm oxysporum (ﬁve isolates), E solani
(five isolates), Fusarium spp. (three isolates), Pseud-
allescheria boydii(five isolates) hazopus spp. (six isol-

.ates)-and onevisolate each’ of” A. ‘niger; - A. " terreus,
- "Acremionium spp'Pae cilor

yes spp. - and- Trichodermia
spp. : The " isolates’ wére ‘obtained - from' & variety * of
fespiratory ‘sources: mcludmg Sputam, bronehoscopy

s

and tissue biopsy-specimens:i-‘All-isolates were stored .

as conidia or spore suspensions in sterile distilled water
at room temperature until they were used in the study.
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- Organism (o, ofisolates) .

. Antifungal drug -

FMICgs (oo T

; Range,. .. .

0% Lo - W%
* i, iAcremonm spp. (1) ‘Voriconazole SR
Itraconazole 1 ) - -
. Amphotericin B 2 = -
‘ L . Flucytosine ->128 . - -
Aspergillus flavus (10) Voriconazole o 12—0-5 025 05
N ' " Itraconazole U021 05 1
Amphotericin B 12 2 : 2
Flucytosine 32—>128 >128 >128
Aspergillus fumigatus (12) Voriconazole 0-25-0-5 0-25 0-5
Itraconazole 0-5-1 1 1
Amphotericin B 12 2 2
~ Flucytosine 128->128 >128 >128
Aspergillus spp. (2) " Voriconiazole 0-25-0-5 - -
Itraconazole 0-5-1 - -
Amphotericin B . 2 - -
Flucytosine >128 - -
Fusarium spp. (13)t Voriconazole 28 2 ]
e . Itraconazole 4—>16 >16 >16
. Amphotericin B 1—2 2 2
e Flucytosine >128 >128 >128
" Paecilomyces spp. (1) - - Voriconazole 05 — —
PR S ER Itraeoma'zole 4 ok - . _
Amphotericin B 4 - -
Flucytosine - >128 ' - -
Pseudallescheria boydii (5) Voroconazole 0-12-0-25 012 -
Itraconazole 1 1 -
Amphotericin B 2-4 ) 4 -
‘Flucytosine -128 >128 -
Rhizopus spp. (6) Voriconazole 8-32 8 -
Itraconazole 0-5-2 1 -
Amphotericin B 1-2 1 -
Flucytosine >128 >128 -
Trichoderma spp. (1) Voriconazole 0-25 - -
Itraconazole 2 - -
Amphotericin B 1 - -
Flucytosine >128 . -

*Includes one isolate each of Aspergillus niger and A. terreus.

{Includes Fusarium oxysporum (five isolates), F solani (five isolates) and Fusarmm spp. (three isolates).

Before testing, each isolate was subcultured at least
twice on potato dextrose agar slants (Remel, Lenexa,
KS, USA) to ensure its viability and purity. :
The four antifungal drugs used in this study were
provided as standard powders of known potency. Vo-
riconazole was obtained from Pfizer Inc., Central Re-
search--Division (Groton, CT, USA). Itraconazole
(Janssen, Beerse; Belginm), amphotericin B (Sigma, St
Louis, MO, USA) -and flucytosine (Sigma) were sup-
‘plied by their respective manufacturers. Stock solutions
were prepared in polyethylene glycol (voriconazole,
itraconazole), dimethyl sulphoxide (amphotericin B)

and water (flucytosine). All drugs were diluted in RPMI
1640 medium (Sigma) buffered to pH 7-0 with 0-165m
morpholinepropanesulphonic acid (MOPS) buffer
(Sigma) and dispensed into 96-well microdilution trays.
The final ranges of tested drug concentrations were as
follows:. voriconazole from 0-015 to 16mgl™'; itra-

_conazole from 0-008 to 8 mgi~"; amphotericin B from
" 0-015 to Smgl‘

ail_d flucytosine from , 0-06 to
128 mgl™. ' '

MICs were determmed by a broth xmcrodllunon
method using the NCCLS' gmdclmes 9,10). A spec-
trophotometric method previously described was used
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dizl suspensions was adjusted "to -obtain a final
inoculm of 0-4 x 10°-5 x 10° cfu/ml. The trays were
incubated at 35°C and read at 48h and 72h. Only
wells that showed no growth (optically clear) or ap-
proximately 75% reduction in growth eompared with
drug-free controls were recorded as the MIC [10}].

"The two QC strains recommended in the NCCLS
docmnemt M27-A [9), Candida parapsilosis ATCC 22019
and C krusei ATCC 6258, were included each time
any testing was performed. The MIC limits for each
antifungal agent and the two QC strains are as follows:
amphotericin B, 0-25-1 pgml™~' (C. parapsilosis) and
0-5-2-0 pg ml ™' (C. krusei); fluconazole, 2:0-8-0 pg ml~*
(C. parapsilosis) and 1664 ygmi™ (C. krusei); itra-
conazole, 0-06-0-25pugml— (C. parapsilosis) and
0-12-0-Sugml~! (C. krusei); flucytosine, 0-12-0-5 ug
ml™* (C. parapsilosis) and 4-0-16 pgml™ (C. krusei).

Results

The antifungal activities of voriconazole, itraconazole,
amphotericin B and flucytosine at 72 h are summarized
in Table 1. Overall, voriconazole was active (MICs,,
0-5mgl! and MIC,, 8mgl™') against these mould
isolates. Voriconazole showed greater activity against P,
boydii (MICs,, 0-12 mg1~*) and Aspergillus spp. (MICq,,
0-5mg1~") than against Fusarium spp. (MIC,, 8 mg1~")
and Rhizopus spp. (MICs,, 8 mgl™'). By comparison
with itraconazole, voriconazole was two- to eightfold
more active against all isolates except Rhizopus spp.
Itraconazole was eightfold more active than vo-
riconazole against isolates of this genera. Voriconazole
was four- to eightfold more active than amphotericin
B against A. fumigatus, A. flavus and P, boydii and was
32- to >2000-fold more active than flucytosine against
all species tested.

Discussion

" Following the publication of standardized procedures
for testing of yeast [9], the NCCLS subcommittee on
antifungal susceptibility testing focused its efforts to-
ward the development of standard guidelines for the
antifungal susceptibility testing of filamentous fungi
{10]. Using these procedures, Espinel-Ingroff 2] and

. McGinnis et al. T1 1] have documented a potent in. vitro

activity of voriconazole against ‘Aspergillus spp. and P,

boydii. Sxmﬂarly, Radford et al. {12] have shown' ‘good

acthty against a broad array of emerging and less
common mould pathogens. We have also observed that
voriconazole was highly active against P. boydii (MIC

© 1998:1SHAM, Medicaf Mycology, 36, 433436

for'ﬁthe oculum preparatmn [lO] The turbldxty of o

ranige 0-12.0.25 mgr‘)andAs__;‘;"";ffffspp (MICrange

beoorroborated with encouragmg in vivo results from
carly clinical studies and several experimental models
[6—8] Onr; ﬁndmgs for vonconazole -activity agamst

the NC@LS subcommittee on antxfungal susceptxbxhty
testing [10) appear suitable for testing filamentous fungi
and that RPMI 1640 medium sustained adequate
growth of all isolates tested at 48h (except one Tri-
choderma isolate that needed 72 h). Overall, voriconzale
MICs .at 72h remained the same in 34 isolates or
increased by 1 log, dilution (16 isolates) when compared
to MICs at 48 h (data not shown). Itraconazole MICs
showed similar changes to those of voriconazole. MICs
of amphotericin B remained unchanged in 41 isolates,
increased by 1 log, dilution in eight isolates or by 2
log, dilution in one isolate. '

Finally; these findings should be interpreted cau-
tiously ‘as:with any other in vitro susceptibility testing
results. .Although preliminary pharmacokinetic data
suggest that serum levels of voriconazole are expected
to be higher than those of itraconazole [3-6], the clinical
significance of the potency of voriconazole against

filamentous fungi awaits the results of comparative
clinical trials.
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Abstract

Sch 56592 is a new triazole derivative that possesses potent, broad-spectrum antifungal activity. We evaluated the
in vitro activity of Sch 56592 compared with that of itraconazole, amphotericin B and 5-fluorocytosine against
51 clinical isolates of filamentous fungi, including Aspergillus flavus (10), A. fumigatus (12), Fusarium spp. (13),
Rhizopus spp. (6), Pseudallescheria boydii (5), and one isolate each of Acremonium spp., A. niger, A. terreus,
Paecilomyces spp., and Trichoderma spp. In vitro susceptibility testing was performed using the microdilution
broth method outlined in the NCCLS 27-A document. Sch 56592 was highly active against A. flavus (MICop, 0.25
png/ml), A. fumigatus (MICqg, 0.12 ug/ml), P. boydii (MICso, 1 w/ml) and Rhizopus spp (M1Csp, 1 pg/ml). By
comparison with itraconazole, Sch 56592 was four- to eight-fold more active against isolates of Aspergillus and
both compounds showed equipotent in vitro activity against P. boydii and Rhizopus spp. Sch 56592 was four- to
16-fold more active than amphotericin B against Aspergillus spp. and P. boydii and both antifungal drugs displayed
similar activity against Rhizopus spp. Overall, Sch 56592 showed good in vitro activity against all isolates tested
(MIC, < 2 pg/ml) except isolates of Fusarium (MIC range, 1->4 pg/ml). On the basis of these data Sch 56592 has

promising activity against Aspergillus spp. and other species of filamentous fungi that are likely to be encountered
clinically. Additional in vitro and in vivo studies are warranted.

Introduction a wide range of fungi. Pfailer et al. [3] found Sch

56592 to be very active against clinical isolates of
Candida spp and Saccaromyces cerevisiae. Sch 56592
has also been reported to have good in vitro and in

In the last few years, opportunistic fungal infections
have increased in frequency as a result of the increas-

ing numbers of immunocompromised patients due to
cancer chemotherapy, organ transplantation or AIDS.
Among the opportunistic mycoses, -invasive disease
caused by filamentous fungi is commonly associated
with a high morbidity and mortality [1]. Of the cur-
rently available antifungal agents, only amphotericin
B, and possibly itraconazole, have documented ef-
ficacy in the treatment of these infections. Because
none of these agents is ideal and toxicity or antifun-
gal resistance could develop during treatment, newer
antifungal compounds are clearly required.

Sch 56592 is a novel triazole analog of Sch 5 1048
[2] with a broad spectrum of potent activity against

* Current address: Microbiology Laboratory, Hospital Clinic,
“University of Barcelona, Villarroel 170, 08036-Barcelona, Spain.

vivo activity against Cryptococcus neoformans [4, 5]
and Aspergillus spp. [6, 7]. Recent pharmacokinetic
studies in healthy volunteers have demonstrated that
Sch 56592 is well tolerated and the mean elimina-
tion half-life is between 19 h and 30 h depending on
the dose administered {8]. This study also found that
serum levels were well above the MIC for most fungal
pathogens.

In this report we describe the in vitro activity of
Sch 56592 tested against a spectrum of filamentous
fungi that are likely to be encountered clinically and
compare it with those of itraconazole, amphotericin B
and 5-fluorocytosine. The in vitro susceptibility testing
was performed using the broth microdilution version
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of the NCCLS reference method recently described in
the M27-A document [9].

Materials and methods

Organisms The 51 organisms tested in this study’

were recent clinical strains isolated at the University of
Iowa Hospitals and Clinics. The distribution of species
included were as follows: Aspergillus fumigatus (12
isolates), Aspergillus flavus (10 isolates), Fusarium
oxysporum (5 isolates), Fusarium solani (5 isolates),
Fusarium spp. (3 isolates), Pseudallescheria boydii (5
isolates), Rhizopus spp. (6 isolates), and one isolate
each of Aspergillus niger, Aspergillus terreus, Acre-
monium spp, Paecilomyces spp. and Trichoderma spp.
All isolates were stored as spore suspensions in ster-
ile distilled water at room temperature until they were
used in the study. Before testing, each isolate was sub-
cultured at least twice on potato dextrose agar slants
(Remel, Lenexa, KS) to ensure its viability and purity.

Antifungal drugs. All antifungal drugs used in this
study were provided as standard powders of known
potency. Sch 56592 was obtained from Schering-
Plough Research Institute (Kenilworth, NJ). Ampho-
tericin B, 5-fluorocytosine and itraconazole were sup-
plied by their respective manufacturers. Stock solu-
tions were prepared in polyethylene glycol (Sch 56592
and itraconazole), dimethyl sulfoxide (amphotericin
B) or water (5-fluorocytosine). All drugs were di-
luted in RPMI 1640 medium (Sigma Chemical Co., St.
Louis, MO) buffered to pH 7.0 with 0.165 M morpho-
linepropanesulfonic acid (MOPS) buffer (Sigma) and
dispensed into 96-well microdilution trays. The rec-
ommendations stated in the NCCLS document M27-
A were followed for the dilution of each antifungal
agent. Trays containing an aliquot of 0.1 ml in each
well of appropriate drug solution (2x final concentra-
tion) were sealed and stored at —70°C until they were
used. The final ranges of drug concentrations tested
were as follows: Sch 56592 from 0.003 to 4 wg/mi;
itraconazole from 0.008 to 8 pg/ml ; amphotericin B
from 0.015 to 8 ng/ml and S-fluorocytosine from 0.06
to 128 pg/ml.

Susceptibility testing MICs were determined by a
broth microdilution method using the NCCLS guide-
lines [9]. A spectrophotometric method recommended
by the NCCLS subcommittee on antifungal suscepti-
bility testing {10] was used for the inoculum prepa-

ration. Briefly, each isolate was grown on potato
dextrose agar slants at 35°C for a period of 7 days.
The fungal colonies were then covered with 1 ml of
sterile 0.85% saline and gently scraped with a ster-
ile pipette. The resulting suspensions were transferred
to sterile tubes and heavy particles were allowed to
settle. The turbidity of the conidial suspensions was
measured at 530 nm and was adjusted to obtain a final
inoculum of 0.4 x 10* cfu/ml. To determine the final
inoculum, appropriate dilution was performed and an
aliquot (0.01 ml) was plated on potato dextrose agar
(Remel, Lenexa, KS). Plates were incubated at 30°C
and were examined daily for the presence of fungal
colonies. The microdilution trays were incubated at
35°C and MICs were read at 24 h, 48 h and 72 h.
Drug-free controls were included in each tray. Follow-
ing incubation, MIC endpoints were interpreted with
the aid of a reading mirror. Only wells that showed no
growth (optically clear) or approximately 75% reduc-

tion in growth compared with drug free controls were
recorded as the MIC.

Quality control Quality control was ensured by test-
ing the following strains recommended in the NCCLS
document M27-A: Candida parapsilosis ATCC 22019
and Candida krusei ATCC 6258. For these particular
strains an inoculum concentration of 0.5-2.5 x 103
cfu/ml prepared from a 24 h old culture was used.

Results and discussion

The antifungal activities of Sch 56592, itra-
conazole, amphotericin B and S-fluorocytosine
against 51 clinical mould isolates (72 h incu-
bation) are shown in Table 1. Sch 56592 was
highly active against A. flavus (MICgy, 0.25
ng/ml), A. fumigatus (MICog, 0.12 pug/ml), P. boy-
dii MICsp, 1 pg/ml) and Rhizopus spp MICsy,
1 pug/ml). By comparison with itraconazole, Sch
56592 was four- to eight-fold more active against iso-
lates of Aspergillus. Both compounds showed equipo-
tent in vitro activity against P. boydii and Rhizopus
spp. Sch 56592 was four- to 16-fold more active than
amphotericin B against Aspergillus spp and P. boydii
and both antifungal drugs exhibited similar in vitro ac-
tivity against Rhizopus spp. Sch. 56592 was also active
(MIC, 1 pg/ml) against Acremonium spp. (one iso-
late), Paecilomyces spp. (one isolate) and Trichoderma
spp. (one isolate). Overall, Sch 56592 displayed good
in vitro activity against all filamentous fungi tested




Table 1. In vitro susceptibilities of 51 clinical- filamentous fungi to Sch 56592 and

other antifungal agents

_ MIC (ug/ml)
Organism (No. of isolates) ~ Antifungal drug  Range 50%  90%
Acremonium sp. (1) Sch 56592 1 ~ -~
Itraconazole . 1 -~ ~
Amphotericin B, - -
5-fluorocytosine  >128 -~ -
Aspergillus flavus (10) Sch 56592 0.06-025 -012 025
: Itraconazole - 0.25~-1 0.5 1
Amphotericin B 1-2 2 2
5-fluorocytosine  32—>128 >128 = >128
Aspergillus fumigatus (12)  Sch 56592 0.12~025 012 012
Itraconazole 0.5-1 1 1
Amphotericin B 1-2 2 "2
- S-fluorocytosine  128->128 >128 >128
Aspergillus spp. (2)2 Sch 56592 0.12 - -
Itraconazole 0.5-1 - -
Amphotericin B~ 2 - -
5-fluorocytosine  >128 - -
- Fusarium spp (13)b Sch 56592 1—4 2 >4
Itraconazole 4->8 >8 >8
Amphotericin B 1-2 2 2
5-fluorocytosine  >128 >128 >128
Paecilomyces sp. (1) Sch 56592 1 - -
Itraconazole 4 - -
Amphotericin B. 4 - -
5-fluorocytosine  >128 -
Pseudallescheria boydii (5)  Sch 56592 1 -
Itraconazole 1 -
Amphotericin B 24 4 -
) S-fluorocytosine  >128 >128 -
Rhizopus spp. (6) Sch 56592 05-2 1 -
Itraconazole 0.5-2 1 -
Amphotericin B~ 1-2 -
5-fluorocytosine  >128 >128 -
Trichoderma sp. (1) Sch 56592 1 - -
-0 ' -Itraconazole 2 - -
Amphotericin B 1 - -
5-fluorocytosine  >128 - -
All organisms (51) Sch 56592 0.06->4 05 >4
- Itraconazole 0.25—>8 1 >8
Amphotericin B~ 14 2 4
S5-fluorocytosine  32~>128  >128 >128

3ncludes one isolate each of Aspergillus niger and Aspergillus terreus. .
b Includes Fusarium oxysporum (five isolates), Fusarium solani (five isolates) and

Fusarium spp. (three isolates).
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(MIC, < 2 pgfml) with the exception .of Fusarium
(MICgp, > 4 pg/ml). .

The potent in vitro activity found in this study
against isolates of Aspergillus agrees with the re-
sults reported by Espinel-Ingroff [11] and Oakley et
al. [7]. This in vitro activity seems to correlate with
in vivo efficacy observed in animal models of inva-
sive and pulmonary aspergillosis [6, 12]. In a neu-
tropenic murine model of invasive aspergillosis, Sch
56592 was highly effective and a correlation between
MICs of Sch 56592 and quantitative organ culture
results was observed [12]. Although Sch 56592 pro-
longed survival when an itraconazole-resistant strain
of Aspergillus fumigatus was used in the model,
the number of CFU/organs recovered was 100-fold
higher than that recovered when the challenge iso-
late was itraconazole-susceptible. This in vivo result
suggests the possibility of cross-resistance between
Sch 56592 and itraconazole. Cross-resistance to Sch
56592 has also been observed among fluconazole- and
itraconazole-resistant isolates of Candida [3].

Sch 56592 was active against five isolates of
Pseudallescheria boydii (1 pg/ml) and six isolates of
Rhizopus spp (MIC range, 0.5->2 pg/ml). Using the
same methodology, Espinel-Ingroff [11] recently re-
ported higher MICs against Rhizopus arrhizus (MIC
range, 2—>16 ug/ml). The low number of strains
tested in both studies could probably explain this
apparent discrepancy.

The methodology published by the NCCLS sub-
committee on antifungal susceptibility testing [10]
appears suitable for testing filamentous fungi. The
buffered RPMI 1640 medium recommended in these
guidelines sustained adequate growth of all isolates
tested at 48 h (except one Trichoderma isolate that
needed 72 h). Overall, few variations were observed
when Sch 56592 MICs at 48 h and at 72 h were com-
pared (data not shown). The MIC values for six iso-
lates increased by one logy dilution (five Aspergillus
spp, and one Fusarium spp) and one (P. boydii) by two
log; dilutions.

In conclusion, our data confirm and extend the
promising activity of Sch 56592 against Aspergillus
spp., P. boydii, Rhizopus spp. and other species of
filamentous fungi that are likely to be encountered
clinically. Based on these findings, the favorable re-
sults from -animal models and recent pharmacokinetic

studies in healthy volunteers, Sch 56592 warrants
further clinical evaluation.
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In Vitro Activity of Two Echinocandin
Derivatives, LY303366 and MK-0991
(L-743,792), Against Clinical Isolates
of Aspergillus, Fusarium, Rhizopus,
and Other Filamentous Fungi

M. A. Pfaller, F. Marco, S. A. Messer, and

R. N. Jones

LY303366 and MK-0991 (previously L-743,792) are new echi-
nocandin derivatives with excellent broad-spectrum antifungal
activity. We investigated the in vitro activity of LY303366,
MK-0991, itraconazole, amphotericin B, and 5-flucytosine
against 51 clinical isolates of filamentous fungi, including As-
pergillus flavus (10), A. fumigatus (12), Fusarium spp.
(13), Rhizopus spp. (6), Pseudallescheria boydii (5), and
one isolate each of Acremonium spp., A. niger, A. terreus,
Paecilomyces spp., and Trichoderma spp. In vitro suscepti-
bility testing was performed using a microdilution broth
method performed according to National Committee for Clini-
cal Laboratory Standards guidelines. LY303366 was two- to
fourfold more active than MK-0991 against A. flavus, A. fu-

INTRODUCTION

Echinocandins are antifungal cyclic lipopeptides that
inhibit the biosynthesis of the fungal cell wall. The
mechanism of action of these ‘agents is thought to
involve noncompetitive inhibition of the enzyme
B-(1,3)-glucan-synthase, which results in a weakened
cell wall and lysis (Debono and Gordee 1994). In the
last few years, several semisynthetic amine deriva-
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migatus, and Trichoderma spp. Both LY303366 and MK-
0991 were considerably more active (MIC,,, of 0.03-0.12 ug/
mL) than itraconazole, amphotericin B, and 5-flucytosine
against Aspergillus spp., but were less active than itracon-
azole and amphotericin B against Rhizopus spp. MK-0991
was more active than either LY303366 or itraconazole against
Acremonium spp., Paecilomyces spp., and P. boydii. These
data demonstrate promising activity of both LY303366 and
MK-0991 against Aspergillus spp. and other species of fila-
mentous fungi that are likely to be encountered clinically. Fur-
ther in vitro and in vivo investigation is indicated.  © 1998
Elsevier Science Inc.

tives of the natural product pneumocandin Bo have
been developed (Abruzzo et al. 1995). These antifun-
gal drugs have been shown to have potent in vitro
and in vivo activity against isolates of Candida and
Aspergillus (Abruzzo et al. 1995; Bartizal et al. 1995).
LY303366 and MK-0991 (L-743,792), a water soluble
compound, are new echinocandin derivatives with
potent in vitro and in vivo activity against Candida
spp- (Graybill et al. 1997; Pfaller et al. 1997; Vazquez
et al. 1997; Zeckner et al. 1993b), Aspergillus fumigatus
(Abruzzo et al. 1997; Zeckner et al. 1993a), His-
toplasma capsulatum (Fothergill et al. 1996; Najvar et
al. 1996; Zeckner et al. 1993a), and Pneumocystis cari-
nii (Current et al. 1993; Powles et al. 1993). Although
their activity against several molds has been evalu-
ated, the number of clinical isolates of filamentous
fungi included in these studies is limited, and there is

0732-8893/98/$19.00
PII 50732-8893(97)00246-0
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a lack of comparative data with other antifungal
agents.

In this study, we describe the in vitro activity of
LY303366 and MK-0991 tested against a broad spec-
trum of filamentous fungi isolated from recent clin-
ical infections. The comparative antifungal drugs
tested were itraconazole, amphotericin B, and
5-flucytosine. The in vitro susceptibility testing was
performed using the broth microdilution version of
the National Committee for Clinical Laboratory Stan-
dards (NCCLS) reference method recently described
in the M27-A document (NCCLS 1997).

MATERIALS AND METHODS

Organisms

A total of 51 recent clinical isolates were selected for
testing. The collection included the following iso-
lates: A. fumigatus (12 isolates), A. flavus (10 isolates),
Fusarium oxysporum (5 isolates), F. solani (5 isolates),
Fusarium spp. (3 isolates), Pseudallescheria boydii (5
isolates), Rhizopus spp. (6 isolates), and one isolate
each of A. niger, A. terreus, Acremonium spp, Paecilo-
myces spp., and Trichoderma spp. All isolates were
stored as spore suspensions in sterile distilled water
at room temperature until they were used in the
study. Before testing, each isolate was subcultured at
least twice on potato dextrose agar slants (Remel,
Lenexa, KS) to ensure its viability and purity.

Antifungal Drugs

The five antifungal drugs used in this study were
provided as standard powders of known potency.
LY303366 and MK-0991 were supplied by El Lilly
and Company (Indianapolis, IN) and Merck Re-
search Laboratories (Rahway, NJ), respectively. Am-
photericin B, 5-flucytosine, and itraconazole were
obtained from their respective manufacturers. Stock
solutions were prepared in dimethyl sulfoxide (am-
photericin B and LY303366), water (MK-0991 and
5-flucytosine), or polyethylene glycol (itraconazole).
All drugs were diluted in RPMI 1640 medium (Sigma
Chemical Co., St. Louis, MO) buffered to pH 7.0 with
0.165 M morpholinepropanesulfonic acid (MOPS)
buffer (Sigma) and dispensed into 96-well microdi-
lution trays. The recommendations stated in the
NCCLS document M27-A were followed for the di-
lution of each antifungal agent. Trays containing an
aliquot of 0.1 mL in each well of appropriate drug
solution (2X final concentration) were sealed and
stored at —70°C until they were used. The final
ranges of drug concentrations tested were as follows:
LY303366 from 0.001 to 2 pug/mL; MK-0991 from
0.008 to 8 ug/mlL; itraconazole from 0.008 to 8 ug/

M.A. Pfaller et al

mL; amphotericin B from 0.015 to 8 pg/mL; and
5-flucytosine from 0.06 to 128 pg/mL.

Susceptibility Testing

MICs were determined by a broth microdilution
method using the NCCLS guidelines (NCCLS 1997).
A spectrophotometric method previously described
by Espinel-Ingroff et al. (1997) was used for the in-
oculum preparation. Briefly, each isolate was grown
on potato dextrose agar slants at 35°C for a period of
7 days. The fungal colonies were then covered with 1
mL of sterile 0.85% saline and gently scraped with a
sterile pipette. The resulting suspensions were trans-
ferred to sterile tubes and heavy particles were al-
lowed to settle. The turbidity of the conidial suspen-
sions was measured at 530 nm and was adjusted to
obtain a final inoculum of 0.4 X 10* to 5 X 10*
CFU/mL. To determine the final inoculum, appro-
priate dilution was performed.and an aliquot (0.01
mL) was plated on potato dextrose agar (Remel,
Lenexa, KS), incubated at 30°C, and examined daily
for the presence of fungal colonies. The microdilu-
tion trays were incubated at 35°C and read at 24, 48,
and 72 h. Drug-free controls were included in each
tray. After incubation, MIC endpoints were inter-
preted with the aid of a reading mirror. Only wells
that showed no growth (optically clear) (amphoteri-
cin B) or approximately 75% reduction in growth
(LY303366, MK-0991, 5-flucytosine, and itraconazole)

compared with drug-free controls were recorded as
the MIC.

Quality Control

The two QC strains recommended in the NCCLS .
document M27-A, Candida parapsilosis ATCC 22019
and C. krusei ATCC 6258, were included each time
any testing was performed. For these particular
strains, an inoculum concentration of 0.5-2.5 X 10°
CFU/mL prepared from a 24-h-old culture was used.

RESULTS AND DISCUSSION

The antifungal activities of 1.Y303366, MK-0991, itra-
conazole, amphotericin B, and 5-flucytosine at 72 h
are summarized in Table 1. LY303366 was two- to
fourfold more active than MK-0991 against A. flavus
and A. fumigatus, and both antifungal drugs were
considerably more active (MICg, of 0.03-0.12 pg/
mL) than itraconazole, amphotericin B, and .
5-flucytosine against these isolates. MK-0991 (MICs,,

05 pg/ml) was slightly more active than either
LY303366 or itraconazole (MICsq, 1 ug/mL) against
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TABLE 1 In Vitro Susceptibilities of 51 Clinical Filamentous Fungi to 1Y303666, MK-0991, and Other
Antifungal Agents
Organism (no. of . MIC (ug/mL)
isolates) Antifungal Drug Range 50% 90%
Acremonium sp. (1) LY303666 05 — _
‘MK-0991 0.03 — —
[traconazole 1 — —_
Amphotericin B 2 — —
5-Flucytosine >128 —_ —_
Aspergillus flavus (10) LY303666 0.015-0.03 0.015 0.03
MK-0991 0.03-0.5 0.06 012
Itraconazole 0.25-1 05 1
Amphotericin B 12 2 2
5-Flucytosine 32->128 >128 >128
Aspergillus fumigatus (12) LY303666 0.004-0.12 0.03 0.06
MK-0991 0.06-0.12 0.06 0.12
Itraconazole 0.5-1 1 1
Amphotericin B 1-2 2 2 '
5-Flucytosine 128->128 >128 >128
Aspergillus spp. (2)° LY303666 0.06 - —
MK-0991 0.03-0.06 —_ —_
Itraconazole 05-1 —_ —
Amphotericin B 2 — —
5-Flucytosine >128 — —
Fusarium spp. (13) LY303666 >2 >2 >2
MK-0991 >8 >8 >8
Itraconazole 4->8 >8 >8
Amphotericin B 1-2 2 2
5-Flucytosine >128 >128 >128
Paccilomyces sp. (1) LY303666 2 — —
MK-0991 05
Itraconazole 4 — —
Amphotericin B 4 — —
» 5-Flucytosine >128 — —
Pscudallescheria boydii (5) LY303666 1 1 —
MK-0991 0.25-2 05 —
Itraconazole 1 1 —_
Amphotericin B 24 4 —
5-Flucytosine >128 >128 —
Rhizopus spp. (6) LY303666 >2 >2 —_
MK-0991 >8 >8 —
Itraconazole 05-2 1 —
Amphotericin B 12 1 —
5-Flucytosine >128 >128 —_
Trichoderma sp. (1) LY303666 0.06 — —
MK-0991 0.25 — _
Itraconazole 2 — _
Amphotericin B 1 — —
5-Flucytosine >128 — —
All organisms (51) LY303666 0.004->2 0.5 >2
MK-0991 0.03->8 0.25 >8
Itraconazole 0.25->8 1 >8
Amphotericin B 14 2 4
5-Flucytosine 32->128 >128 >128

* Includes one isolate each of Aspergillus niger and Aspergillus terreus.
" Inctudes Fusariunt oxysporum (five isolates), Fusarium solani (five isolates), and Fusarium spp. (three isolates).

Pseudallescheria boydii and eightfold more active than  than both echinocandins against Rhizopus spp. Am--

amphotericin B (MICs,, 4 ug/mL). Itraconazole and ~ photericin B was the most active agent against iso-
amphotericin B (MIC,, 1 ng/mL) were more active ~ lates of Fusarium.
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In this study, we have used the methodology re-
cently published by the NCCLS subcommittee on
antifungal susceptibility testing (Espinel-Ingroff et
al. 1997). Using a high inoculum (0.4 X 10* to 5 X 10*
CFU/mL), we observed potent in vitro activity of
1LY303366 and MK-0991 against all isolates of As-
pergillus tested. Both compounds were also active
MIC = 2 ug/mL) against Acremonium spp. (one
isolate), Paecilomyces spp: (one isolate), Trichoderma
spp. (one isolate), and P. boydii (five isolates). Neither
LY303366 nor MK-0991 appeared to be active against
Rhizopus spp. and Fusarium spp. These results gen-
erally agreed with the findings reported by others
(Chin et al. 1996; Espinel-Ingroff 1996; Fothergill et
al. 1996; del Poeta et al. 1997).

We found that the guidelines suggested by the
NCCLS subcommittee on antifungal susceptibility
testing (Espinel-Ingroff et al. 1997) appear to be suit-
able for testing filamentous fungi. The medium rec-
ommended sustained adequate growth of all isolates
tested at 48 h (except one Trichoderma isolate that
needed 72 h). Overall, MK-0991 and LY303366 MICs
at 72 h remained the same in 49 and 45 isolates,
respectively, when compared to MICs at 48 h (data
not shown). One and five isolates, respectively, in-
creased the MIC by 1 log, dilution.

The translation of in vitro susceptibility testing
results into in vivo activity is especially troublesome
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Flucidating the Origins of Nosocomial Infections with Candida
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Computer-assisted DNA fingerprinting with the complex probe Ca3 has been used to analyze the relatedness
of isolates collected from individuals with nosocomial bloodstream infections (BSIs) and hospital care workers
(HCWs) in the surgical and neonatal intensive care units (ICUs) of four hospitals. The results demonstrate
that for the majority of patients (90%), isolates collected from commensal sites before and after collection of
a BSI isolate were highly similar or identical to the BSI isolate. In addition, the average similarity coefficient
for BSI isolates was similar to that for unrelated control isolates. However, the cluster characteristics of BSI
isolates in dendrograms generated for each hospital compared to those of unrelated control isolates in a
dendrogram demonstrated a higher degree of clustering of the former. In addition, a higher degree of
clustering was observed in mixed dendrograms for HCV isclates and BSI isolates for each of the four test
hospitals. In most cases, HCW isolates from an ICU were collected after the related BSI isolate, but in a few
cases, the reverse was true. Although the results demonstrate that single, dominant endemic strains are not
responsible for nosocomial BSIs in neonatal ICUs and surgical ICUs, they suggest that multiple endemic
strains may be responsible for a significant number of cases. The results also suggest that cross-contamination
occurs between patients and HCWs and between HCWs in the same ICU and in different ICUs. The temporal
sequence of isolation also suggests that in the majority of cases HCWs are contaminated by isolates from
colonized patients, but in a significant minority, the reverse is true. The results of this study provide the
framework for a strategy for more definitive testing of the origins of Candida albicans strains responsible for

nosocomial infections.

Immunosuppression and other compromising conditions can
result in life-threatening fungal bloodstream infections (BSIs).
When such infections arise during hospitalization, they are
referred to as nosocomial infections (31). There is an inclina-
tion to assume that because these infections arise in a hospital
setting, the origin of the infecting strain is the hospital staff or
environment. However, because Candida albicans and related
species, which are responsible for the majority of nosocomial
fungal infections (31), reside in the natural microflora of a
majority of immunoc.ompetent individuals as relatively benign
commensal organisms (55), a nosocomial infection may also
originate from the commensal strain carried into the hospital
by thc patient. If a nosocomial infection arises from an endog-
enous commensal strain, prior mucosal colonization has been
implicated as an independent risk factor (9, 18, 41, 63) and the
gastrointestinal tract has been implicated as the most likely
reservoir (1, 28, 30, 38, 41, 60, 61, 63). In the case of exogenous
transmission, contaminated infusates, biomedical devices, and
the hands of health care workers (HCWs) represent docu-

* Corresponding author. Mailing address: Department of Biological
Sciences, University of Iowa, Iowa City, IA 52242. Phone: (319) 335-
1117. Fax: (319) 335-2772. E-mail: david-soll@uiowa.edu.

T Members of the NEMIS (National Epidemiology of Mycoses Sur-
vey) Study Group are M. Costigan, E. Ludington, and J. Dawson,
University of Iowa; H. New (deceased), Columbia University; M. Mar-
ten, Oregon Health Science University; J. Dibb and C. Roldan, Uni-
versity of Texas; and D. Webb, Pfizer Inc.

mented sources (11, 12, 17, 26, 39, 46, 47, 51). In cases of
nosocomial infections in newborns, the infection must origi-
nate in the hospital setting (40) since we can assume that the
fetus is sterile in utero.

The epidemiology of nosocomial infections of Candida spp.
has been investigated by a variety of DNA fingerprinting meth-
ods, including restriction fragment length polymorphism anal-
ysis (3, 6, 19, 39), electrophoretic karyotyping (8, 14, 59), ran-
domly amplified polymorphic DNA analysis (13, 21, 42), and
Southern blot hybridization with discriminating probes (27, 34,
44, 48, 56). Although the majority of these methods hold the
potential for use in strain discrimination and valid cluster anal-
yses, in most studies that have used them there has been no
attempt to validate the methods used, no attempt to quantitate
the levels of similarity or dissimilarity of isolates, and no at-
tempt to perform cluster analyses of moderately related iso-
lates. Instead, there has been complete reliance on subjectwe
mterprctatlons Even more disturbing is the absence in most
studies of a collection of unrelated isolates analyzed by the
same fingerprinting method for comparison. Straightforward
methods have been developed to assess the efficacy of a DNA
fingerprinting method and to test whether the method pos-
sesses the necessary attributes for broad epidemiological stud-
ies (36, 53, 58). These attributes include the capacity to (i)
identify the same strain in different isolates, (ii) distinguish
between completely unrelated strains, (iii) cluster moderately
related isolates, and (iv) distinguish microevolution in highly
similar but nonidentical isolates. Recently, the use of Southern
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blot hybridization with the complex species-specific probe Ca3
was validated for DNA fingerprinting of C. albicans by dem-
onstrating parity between it and both the method of randomly
amplified polymorphic DNA analysis and the method of mul-
tilocus enzyme electrophoresis (36). This characterization of
Ca3 fingerprinting provided quantitative measures of (i) iden-
ticalness, (ii) microevolution and high levels of relatedness,
(iif) thresholds for clustering of moderately related isolates,
and (iv) unrelatedness. It also provided cluster characteristics
for a set of unrelated isolates that can be used to assess the
relatedness of other sets of C. albicans isolates, such as collec-
tions of nosocomial isolates (36).

In the present study, we have used this validated DNA fin-
gerprinting method to examine the relatedness of isolates of C.
albicans from candidemia patients in the neonatal and surgical
intensive care units (NICUs and SICUs, respectively) of four
medical centers participating in the National Epidemiology of
Mycoses Survey (NEMIS) (29, 35). The collection included 35
isolates primarily from the blood of 30 patients with candi-
demia and 75 isolates from stool, urine, respiratory, and/or
gastric specimens from 28 of these patients collected before,
during, and/or after collection of the isolates that caused can-
didemia. Infections did not occur in close temporal association
in any of the four hospitals. In addition, 42 isolates were ob-
tained from the hands of HCWs in the same intensive care

units (ICUs) at the time of or very close to the time of infec-
tion.

MATERIALS AND METHODS

Collection of isolates. The NEMIS study was established under the auspices of
Pfizer Inc. (New York, N.Y.) to define the spectrum of pathogens in seven
hospitals causing nosocomial fungal infections in SICUs and NICUs, to charac-
terize the organisms with respect to their susceptibilities to commonly used
antifungal agents, and to define the molecular epidemiology of these infections
with respect to endogenous sources and cross-infection (29, 35). The four hos-
pitals in the study reported here were located in New York, N.Y. (hospital A),
Towa City, Iowa (hospital B), San Antouio, Tex. (hospital C), and Atlanta, Ga.
(hospital D). Prospective surveillance was conducted over a 2-year period (1993
to 1995) for all patients who were hospitalized for at least 72 h in the SICU and
NICU of each study site. ICU-acquired candidemia was defined as the occur-
rence of a new episode after a minimum of 72 h of hospitalization in the
respective ICU. Microbiologic studies included weekly surveillance cultures of
stool and urine for Candida spp. (rectal swab only for NICU patients), as
described previously (28, 35). Thirty-five isolates were obtained from 30 ICU
patients with infections, and for 28 of these patients, 75 additional isolates were
collected from other body locations that can normally be colonized by commen-
sal strains. Because 31 of the 35 isolates from ICU patients with infections were
derived from patients with BSIs, all such isolates will be referred to as BSI
isolates for convenience. The remaining four isolates from ICU patients with
infections were obtained from peritoneal fluid, ascitic fluid, a tissue biopsy
specimen, and an abscess. Specimens were also obtained from the hands of
HCWs by the broth-bag method (57). Specimens from hands were obtained on
a monthly basis and whenever an episode of candidemia was recognized in an
ICU. Forty-two C. albicans isolates were obtained. Because of privacy rules at the
respective institutions, HCWs could be identified only by their professional rote,
and therefore, specific HCWs could not be tracked over time, although in most
cases HCWs were distinguishable from one another by professional role, ICU,
and time of sampling. Isolates from patients were initially labeled according to
patient, day of isolation, and body location. For example, an isolate obtained
from the stool of patient 4 on day 106 was labeled P4(106)st. In dendrograms
developed exclusively for BSI isolates, the isolates were also labeled according to
ICU and date of isolation. For example, an isolate from patient 2 in the NICU
coliected on 29 March 1995 was labeled P2 N 3/29/95. HCW isolates were labeled
according to HCW title, ICU, and date of collection. For example, an isolate
from HCWS, a registered nurse in the NICU, collected on 20 March 1995 was
labeled HW3SRN N 3/20/95. The following HCW titles and abbreviations are
used: registered nurse, RN; supervisor, SU; medical doctor, MD; X-ray techni-
cian, XT; nurse’s assistant, NA; technician, TE; respiratory therapist, RT; nurse’s
orderly, NU; clerk, CL; and other, OT.

Organism identification. All isolates of Candida spp. were initially identified
to the species level by routine procedures established at each participating
institution and were then sent to the University of Iowa Hospitals and Clinics for
banking and further analysis (35). Upon receipt at the University of fowa,
isolates were subcultured onto patato dextrose agar (Remel, Lenexa, Kan.) and
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CHROMagar (Hardy Diagnostics, Santa Maria, Calif.) to assess viability and
species homogeneity. Species were then identified with Vitek and API products
(bio Merieux, St. Louis, Mo.) and by other conventional methods as required
(62). All Candida isolates were stored as water suspensions or on agar slants at
ambient temperature.

DNA fingerprinting. The complex DNA probe Ca3 (2, 22, 45) was used to
assess the genetic relatedness and microevolution of the C. albicans isolates (22,
23, 55). The methods for DNA preparation and electrophoresis have been
presented in detail elsewhere (24). DNA from reference strain 3153A was run in
the outer two lanes of each gel in order to normalize the gel image.

DNA fingerprint analysis. To compare the fingerprints of isolates, the DEN-
DRON software package (version 2.0; Solltech Inc., Oakdale, Iowa), based in a
Macintosh computer, was used. The methods for analysis of fingerprint patterns
have been described in detail elsewhere (53). Autoradiogram images were dig-
itized and processed for distortions. Lanes and bands were automaticaily iden-
tified, and the similarity coefficient (S,p) between patterns for every pair of
isolates A and B was computed by the formula Sy = 2E/(2E + a + b), where
E is the number of common bands in the patterns of A and B, 2 is the number
of bands in pattern A with no correlates in pattern B, and b is the number of
bands in pattern B with no correlates in pattern A. Dendrograms based on S5,
values were generated by the unweighted pair-group method with arithmetic
averages (UPGMA) (52). To test the stability of clusters generated by UPGMA,,
the Test Dendrogram Stability option of the DENDRON, version 2.0, software
package was used. In this assessment, the order of data entry was randomized 20

times, and members of the major clusters at an S,y threshold of 0.80 were
assessed.

Statistical tests. A two-samiple ¢ test for independent samples with unequal
variances was used to compare the average Saps between defined collections
(43). The distributions of §,us were verified to be normal enough for the ¢ test.

A chi-square test was used 1o compare proportions of isolates in clusters gener-
ated at a particular S,y threshold (43).

RESULTS

DNA fingerprinting with the Ca3 probe. Representative Ca3
Southern blot hybridization patterns obtained with probe Ca3
are presented in Fig. 1A through D for collections from pa-
tients PS5, P17, P4, and P28, respectively. Ca3 hybridized to
between 15 and 20 bands in each Southern blot under the
conditions used, but only the 10 to 15 bands above 2.3 kb were
used to compute S,ps (48). With the Ca3 probe, EcoRI-di-
gested genomic DNA, and an S,p based on band position
alone, it has been empirically demonstrated that (i) an S .5 of
1.00 is achieved with multiple samples of the same clone; (ii)
S aps ranging between 0.90 and 0.99 represent highly similar
but nonidentical patterns and usually reflect microevolution of
a single strain when isolates are obtained from the same pa-
tient; (iii) S 5ps ranging between 0.80 and 0.89 represent pat-
terns for less related isolates that can still be clustered in a
reproducible fashion; and (iv) S,zs below 0.75 represent pat-
terns for unrelated isolates (22, 23, 36, 37, 53).

In Fig. 2, a dendrogram has been generated from the S 58
computed for 29 unrelated BSI isolates, each collected in a
different hospital in the continental United States (34). The
average S,p for this control collection is 0.72 = 0.10, which
represents an estimate of unrelatedness for BSI isolates that
will be used in this study. The dendrogram generated for this
collection also provides a measure of clustering among unre-
lated isolates at selected thresholds (53).

Comparison of BSI and commensal isolates from the same
patients. In Table 1, the sequence of isolates, their anatomical
origins, and the times of isolation are presented for isolates
from each of the 30 infected patients. In addition, the average
Sap. the S, between the BSI isolate and the commensal
isolate obtained immediately preceding collection of the BSI
isolate, and the S,z between the BSI isolate and the commen-
sal isolate obtained immediately succeeding collection of the
BSI isolate are presented for each patient. For 19 patients, an
isolate was obtained from a site of commensal carriage prior to
collection of the first BSI isolate (Table 1). In 17 of these
patients (89%), the average S 3 between the commensal iso-
lates and the subsequent BSI isolate ranged between 0.91 and
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FIG. 1. Examples of the Southern blot hybridization patterns obtained with
the complex probe Ca3. (A) Isolates from patient P5 and the reference strain
3153A; (B) isolates from patient P17; (C) isolates from patient P4; (D) isolates
from patient P28. Isolate labels are explained in Materials and Methods. Mo-

lecular weights (in kilobases) are noted to the left of each Southern blot hybrid-
ization pattern.

1.00, a range of values considered to reflect high levels of
relatedness (22, 23, 34, 53). The patterns of the isolates from
patient P5 obtained by hybridization with the Ca3 probe (Fig.
1A) provide an example of the high level of relatedness ob-
served between the BSI and preceding isolates in a majority of
patients. Isolate P5(21)BL and the isolates from two prior
urine samples, isolates PS(0)UR and P5(14)UR, differed by
only one high-molecular-mass band, while isolate P5(21)BL
and the two isolates from prior stool samples, isolates P5(0)ST
and P5(14)ST, were identical. For only 2 of the 17 patients,
patients P4 and P28, did the initial commensal isolates differ
markedly from the subsequent BSI isolates (Fig. 1C and D,
respectively). Interestingly, the times between collection of the
commensal isolates and the subsequent BSI isolates in these
two patients were the most extensive in the collection: 41 days
for each patient (Table 1).

For 18 patients an isolate was collected from a site of com-
mensal carriage after the BSI isolate was collected (Table 1).
For 16 of these patients (89%), the S 45 between the BSI and
subsequent commensal isolates ranged between 0.91 and 1.00
(Table 1). In two patients (11%), patients P4 and P28, a sub-
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FIG. 2. Dendrogram of a control collection of 29 unrelated BSI isolates each
collected from a different hospital across the continental United States. a
through e, clusters of two or more isolates with S ,3s of = 0.90. S\p thresholds
for cluster analysis are drawn at 0.80 (straight line) and 0.90 (dashed line).

sequent commensal isolate was unrelated to the BSI isolate
(Table 1; Fig. 1C and D, respectively). In the case of patient
P4, isolate P4(106)ST was unrelated to P4(41)BL (Fig. 1C).
Interestingly, the stool isolate, isolate P4(0)ST, was also unre-
lated to the BSI isolate but was identical to subsequent stool
isolates P4(63)ST and P4(106)ST (Fig. 1C). These results sug-
gest that patient P4 was initially colonized by two unrelated
strains, one in the stool and one in the urine, and that the strain
in the urine emerged as the cause of the BSL In the case of
patient P28, preceding stool isolate P28(0)ST was unrelated to
P28(41)BL, but subsequent stool isolates P28(63)ST, P28(77)ST,
and P28(106)ST were identical to P28(41)BL (Fig. 1D; Table
1), suggesting strain replacement. In a third scenario, the BSI
isolate was similar but nonidentical to the commensal isolates,
suggesting significant microevolution. In patient P21, the BSI
isolate and both the succeeding commensal isolates were sim-
ilar but nonidentical, with S, 5s of 0.91 and 0.88, respectively
(Table 1).

For the 18 collections of isolates with an average S, of 1.0(
(Table 1), the dendrogram that was generated was composec
of a single cluster at an S, of 1.00. The coliection of isolate:
from patient P17 provides an example of such a dendrogram
(Fig. 3A). For dendrograms of collections with average S ,p
below 1.00, the complexity (degree of branching) of the den
drogram increased. For example, the dendrogram generate(
for the collection of isolates from patient PS5, which had ai
average S,p of 0.98 (Table 1), contained two clusters sepa
rated by a node at an S5 of 0.97. One cluster contained tw
identical stool isolates collected at days O and 14, and th
second cluster contained three identical isolates, two fror
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TABLE 1. Description of collections of C. albicans isolates from individuals with BSIs or other candidemias®

. Sap for STand S,y for blood
Hospi Patient  No. of L . , Time of isolation Tlm? (c.lays) between Average %R isolates ?sl:)late and
ospital  ICU . Anatomic origins of isolates’ « first isolate and
no. isolates (days) Candidemia San and subsequent  subsequent ST
blood isolates  and UR isolates
A SICU Pl 5 ST-ST-UR, UR-BL 0-7-15, 15-17 17 0.99 1.00
NICU P2 4 UR-BL-UR-ST 0-4-6-12 4 1.00 1.00 1.00
NICU P3 3 ST-ST-BL 0-7-13 13 0.94 0.91
SICU P16 4 ST, TR-AB-ST 0, 0-7-8 7 1.00 1.00 1.00
NICU P17 7 BL-ST-BL-UR-BL-ST-ST 0-1-5-7-14-15- 0 1.00 1.00
19
NICU P18 5 BL-GA-ST-BL-ST 0-1-2-3-21 0 0.96 093
B SICU  PIO 6 ST, UR-ST, UR-BL-ST 0, 0-4, 4-5-7 5 1.00 1.00 1.00
SICU P11 3 ST-BL-UR 0-9-10 9 0.98 0.97 0.97
NICU Pi2 2 ST-BL 0-2 2 0.97 0.97
NICU Pi3 2 ST-BL 0-21 21 1.00 1.00
SICU P14 4 ST-ST-BL-PR 0-20-27-28 27 1.00 1.00 1.00
SICU P21 5 TB-ST-AS-ST, UR 0-6-10-11, 11 10 0.93 0.91 0.88
SICU P22 2 BL-UR 0-2 0 1.00 1.00
SICU P23 5 TR-UR-BL-TR, UR 0-8-10-11, 11 10 1.00 1.00 1.00
NICU P24 2 BL-ST 0-2 0 1.00 1.00
C SICU P15 4 UR-UR, SP, BL 0-12, 12, 12 12 1.00 1.00
SICU P27 2 BL-ST 0-1 0 1.00 1.00
NICU P31 1 BL 0 ‘
D SICU P4 6 ST-BL-ST-LR-ST, UR 0-41-63-77-106, 41 0.83 0.73 0.73
106
SICU PS5 5 ST, UR-ST, UR-BL 0, 0-14, 14-21 21 0.98 0.97
NICU P6 4 ST, BL, ST, ST 0-2-7-14 2 1.00 1.00 1.00
NICU P7 4 ST, BL-ST-ST 0-6-7-14 6 1.00 1.00 1.00
NICU P8 4 ST-ST-ST, BL 0-7-13, 13 13 1.00 1.00
NICU P9 4 ST-ST-ST-BL 0-7-14-17 17 1.00 1.00
NICU P19 4 ST-ST-BL-ST 0-8-11-15 11 1.00 1.00 1.00
NICU P20 3 BL-ST-ST 0-5-20 0 1.00 1.00
NICU P26 2 BL-ST 0-60 0 1.00 1.00
SICU P28 6 ST-BL-ST-ST-ST, UR 0-41-63-77-106, 41 0.92 0.79 1.00
106
NICU P29 1 BL 0
NICU P30 1 BL 0

“ Abbreviations: ST, stool; UR, urine; BL, blood; TR, tracheal lavage; AB, abscess; GA, gastric aspirate; PR, peritoneal fluid; TB, tissue biopsy specimen; AS, ascitic
tluid; SP, sputum. For simplicity, isolates from blood, peritoneal fluid, tissue biopsy specimens, abscesses, and ascitic fluid are referred to as BSI isolates in the text,
since 28 of the 30 infected patients (93%) had BSIs. Sequences of anatomic origin and dates of collection are noted.

urine collected on days 0 and 14, suggesting that substrains
resulting from microevolution had established themselves in
alternative body locations. For this patient the blood isolate
clustered with the stool isolates (Figure 3B). In Fig. 3C, a
dendrogram is presented for the collection of isolates from
patient P4; the average S,p for these isolates was 0.83 (Table
1). The dendrogram contained two clusters with a node at an
Sap of 0.79. Just as in the case of the dendrogram for the
collection of isolates from patient PS5, the isolates from stool
and urine samples separated into respective clusters, but in this
case the separated clusters appeared to represent two unre-
lated strains. The blood isolate from this patient clustered with
the urine isolates, not the stool isolates (Fig. 3C). In Fig. 3D,
a dendrogram is presented for the collection of isolates from
patient P28; the average S, for these isolates was 0.92 (Table
1). A node at an S, of 0.76 separated the first stool isolate
from a cluster containing the subsequent blood, stool, and
urine isolates. The combined results summarized in Table 1
demonstrate that for the majority of patients, commensal iso-
lates and the subsequent BSI isolate from the same patient are
highly similar, and for the majority of patients, a BSI isolate
and subsequent commensal isolates from the same patient are

highly similar. The results also suggest that in one-third of the
patients, microevolution occurs in the colonizing strain.

Genetic relatedness of BSI isolates obtained from the same
hospital. To obtain a measure of the genetic diversity of BSI
isolates in each test hospital, dendrograms that included only
one BSI isolate from each patient were generated for each
hospital (Fig. 4). The average S ,ps for these restricted collec-
tions from hospitals A, B, C, and D were 0.76 = 0.10 (n = 6),
071+ 010(n=9),075 *0.13 (n =3),and 0.69 = 0.11 (n =
12), respectively (Table 2). The average S p for the combined
collection of isolates from patients with candidemia from the
four hospitals was 0.72 + 0.10 (n = 30), which was identical to
the value obtained for the 29 unrelated BSI isolates described
previously (34) (Table 2). While the average S,ps for the
collections from hospitals B and D were lower than that for the
random control collection of BSI isolates (P = 0.358 and 0.616,
respectively), the average S, s for the collections from hospi-
tals A and C were slightly higher (P = 0.265 and 0.615, respec-
tively).

The average S,ps computed for each hospital collection
suggested that in each hospital the BSI isolates were approxi-
mately as diverse as the control collection of unrelated isolates
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FIG. 3. Examples of dendrograms for collections of isolates from patients in
which all isolates are identical (A), isolates show some variability reflecting
microevolution (B), and isolates separate into unrelated clusters of isolates (C
and D). Horizontal models of the Ca3 hybridization patterns are displayed next
to the respective isolates in the dendrograms.

(Table 2). However, a simple comparison of the average S,gs
can be misleading, since one very unrelated isolate in a smalil
collection can have an inordinately strong influence (52). The
cluster characteristics of the dendrogram for BSI isolates from
each of the four hospitals (Fig. 4A to D) were therefore indi-
vidually compared to the cluster characteristics of the dendro-
gram generated for the control collection of unrelated BSI
isolates (Fig. 2). The dendrogram for the collection of six BSI
isolates from hospital A (Fig. 4A) included two (from patients
P18 and P16) with identical patterns and four (from patients
P18, P16, P17, P3), which represented 67% of the collection, in
a cluster defined at an S, threshold of 0.86. In the dendro-
gram for the control collection (Fig. 2), no isolates exhibited
identical patterns and only 52% of the isolates in the control
collection were members of clusters defined at an S, thresh-
old of 0.86 (Fig. 2) (P = 0.03). These results suggest a signif-
icantly higher than expected level of clustering of highly and
moderately related isolates in hospital A (P = 0.03). The den-
drogram for the collection of nine BSI isolates from hospital B
(Fig. 4B) included five in clusters defined at an S 5 threshold
of 0.86, which represented 56% of the collection, compared to
52% for the control collection. The dendrogram for the three
BSI isolates from hospital C (Fig. 4C) included two in a cluster
defined at an S 5 threshold of 0.86, which represented 67% of
the collection, compared to 52% for the control collection.
Finally, the dendrogram for 12 BSI isolates from hospital D
(Fig. 4D) contained 6 isolates in clusters defined at an S,
threshold of 0.86, which represented 50% of the collection,
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which is roughly the same proportion as that for the control
collection (Fig. 2). However, the hospital D collection con-
tained a cluster of four isolates that were defined at an §,p
threshold of 0.90 and that were collected from patients in the
same NICU (Fig. 4D). This cluster represented 33% of the
hospital D collection. In the control collection of unrelated BSI
isolates (Fig. 2), the largest cluster defined at a threshold of
0.90 contained three isolates, which represented only 10% of
the collection. The difference was significant, with a P value of
0.0002.

In the dendrograms generated for BSI isolates in each of the
four respective hospitals (Fig. 4), there was no indication of
temporal associations of highly related BSI isolates. In the
hospital A collection, none of the isolates in the major cluster
were collected within 2 months of one another, and even the
identical pair of isolates, from patients P18 and P6, were col-
lected 5 months apart and from different ICUs (Fig. 4A). In
the hospital B collection, the two most closely related isolates,
from patients P12 and P10, were collected 9 months apart, and
two isolates, from patients P11 and P23, were collected within
3 days of one another in the same ICU and were unrelated
(Fig. 4B). In the hospital D collection, two of the three most
related isolates, from patients P8 and P9, were collected from
the same ICU within 4 days of each other (Fig. 4D). However,
four isolates, collected from patients P28, P19, P20, and P26
within 12 days of each other, were not highly related (Fig. 4D).
These results together demonstrate the absence of single dom-
inant endemic strains responsible for BSIs that occur in close
temporal proximity in both the NICUs and the SICUs of the
four hospitals in this study. However, even though related
isolates did not exhibit temporal clustering, the proportion of
clusters in the dendrogram for each hospital suggested a
greater number of groups of related isolates than would be
expected on the basis of comparisons with the control collec-
tion of unrelated BSI isolates.

Genetic relatedness of isolates from HCWs in individual
hospitals. The average S,ps for isolates coliected from the
hands of HCWs from hospitals A, B, C, and D were 0.84 = 0.05
(n=7),0.71 = 0.11 (r = 11),0.77 = 0.06 (n = 4),and 0.72 *
0.10 (n = 20), respectively (Table 2). The average S ps for
HCW isolates from hospitals A and C were higher than the
S ap for the 29 unrelated BSI isolates in the control collection,
as was the case for the S ,ps for BSI isolates from the same
hospitals. Only in the case of the HCW isolates in hospital A
was the difference with the control collection significant (P =
0.004). Dendrograms for the HCW isolates from each hospital
(Fig. 5) had some of the same characteristics as those gener-
ated for BSI isolates from the respective hospitals (Fig. 4). For
instance, the dendrogram for the HCW isolate collection from
hospital A was dominated by a cluster defined by an S,p
threshold of 0.83 that contained six of the seven isolates (86%)
(Fig. 5A). A similar cluster of four of the six BSI isolates (67%)
from hospital A defined by an S , threshold of 0.86 dominated
the dendrogram for isolates from that hospital (Fig. 4D). Sev-
eral additional characteristics of the dendrograms for HCW
isolates are noteworthy. At an S, threshold of 0.89, 38% of
the control collection of BSI isolates formed clusters (Fig. 2).
Except for one cluster of three isolates, which represented 10%
of the control collection, all other clusters contained two iso-
lates (Fig. 2). In addition, there were no clusters in the control
collection defined by an S,5 threshold of 0.96 (Fig. 2). In
contrast, the proportion of HCW isolates in clusters that were
defined at an § . threshold of 0.89 and that contained three or
more isolates for hospitals A, B, and D were 43, 27, and 50%
respectively; all of these values are higher than the proportior
of 10% for the control BSI isolate collection (P = 0.0001
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FIG. 4. Dendrograms of the BSI isolates from the patients in hospitals A (A), B (B), C (C), and D (D). Only one BSI isolate from each patient was incorporated.
The type of ICU and the date of collection are noted to the right of each isolate. Arbitrary Sxp thresholds are drawn at 0.80 (straight line) and 0.90 (dashed line).

0.0005 and 0.0001, respectively). In addition, the dendrograms
for HCW isolates from hospitals B and D each contained a pair
of identical isolates (Fig. 5B and D). Finally, at a threshold of
0.91 the dendrogram for HCW isolates from hospital D con-
tained a cluster of six isolates (Fig. 5D), which was twice as
large as the largest cluster in the dendrogram for control BSI
isolates at that threshold (Fig. 2).

In contrast to the relative lack of temporal associations ob-
served among BSI isolates from individual hospitals, there
were several examples of this among HCW isolates. In the
hospital A collection, two of the three isolates (isolates
HW4SU and HW3RN) in the most highly related cluster were
collected tfrom different individuals in the NICU on the same
day (Fig. 5A). In the hospital B collection, three isolates (iso-
lates HW34RN, HW32XT, and HW33NA) in the most related
cluster were collected from three different individuals in the
SICU on the same day (Fig. 5B). Finally, in the hospital D
collection, three of the seven isolates (isolates HW21RN,
HWI19RT, and HW20RN) in the largest cluster were collected
from different individuals in the NICU on the same day, and an
additional isolate in the cluster (isolate HW13RN) had been
collected 15 days earlier (Fig. 5D). Three of the four isolates
(isolates HW9CL, HWSRN, and HWI10RN) in the second
largest cluster were collected from individuals in the SICU on
the same day, and the fourth isolate (isolate HW27RN) in this
cluster had been collected 15 days earlier from an individual in
the NICU (Fig. 5D). These results demonstrate transfer of
strains among HCWs or from patients to several HCWs in the
same ICUs.

Genetic relatedness of BSI and HCW isolates from the same
hospitals. To assess the relatedness between BSI and HCW
isolates collected in the same hospitals, mixed dendrograms
were generated (Fig. 6). One BSI isolate from each patient and

from each HCW was included. The average S, for the com-
bined collection of hospital A isolates was 0.83 = 0.10, which
was significantly higher than that for the control collection of
unrelated BSI isolates (Table 2) (P = 0.002). The proportion
of isolates in clusters defined at an S, of 0.85 was 85% (Fig.
6A), which was higher than the 59% value for the control BSI
isolate population (P = 0.07). The combined collection of
isolates from hospital A formed two clusters at an § g thresh-
old of 0.89 (Fig. 6A). Cluster a included two isolates, one from
patient P2 and one from HW5RN; these were collected 9 days
apart. The HCW isolate was collected 9 days before collection
of the BSI isolate (Fig. 6A) and 5 days before collection of the
first commensal isolate from this patient. Cluster b included
five isolates. Three of the five (from P18, P16, and HW4SU)
were identical (S,gs = 1.00). Interestingly, the three isolates
were collected over a l-year period. None were collected
within a month of each other. This observation is one of the
strongest supporting the establishment of an endemic strain in
this study. Again, the HCW isolate was collected before the
BSI isolates, 1 year prior to collection of the isolate from
patient P18, and 7 months before collection of the isolate from
patient P16. The remaining two isolates in cluster b included
one from P3 and one from HW7RN, and these were collected
1 day apart.

The average S,p for the combined collection of isolates
from hospital B was similar to that for the control collection of
BSI isolates (Table 2). However, while 59% of the control
collection of unrelated BSI isolates formed clusters at an S,
threshold of 0.85, 80% of the combined coliection from hos-
pital B formed clusters at this threshold (Fig. 6B) (P = 0.002).
The combined collection from hospital B formed five clusters
of two to three isolates each at an S, threshold of 0.90 (Fig.
6B). The first cluster, cluster a, contained three HCW isolates
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TABLE 2. Average Saps for patients and staff of select hospitals
compared with that of control isolates

Hospital(s) Group iI;L(l’;x; fs Avg S,

A B CD PAT? 30 0.72 = 0.10
HCW 42 0.73 £0.11

A PAT, HCW 13 0.83 = 0.08
PAT 6 0.76 = 0.11

HCW 7 0.84 = 0.05

HCW (NICU) 5 0.85 = 0.05

HCW (SICU) 2 0.80 = 0.00

B PAT, HCW 19 0.71 = 0.10
PAT 8 0.71 = 0.10

HCW 11 071 = 0.11

HCW (NICU) 3 0.79 = 0.01

HCW (SICU) 8 0.71 = 0.12

C PAT, HCW 8 0.73 = 0.11
. PAT 3 0.75 * 013

HCW 6 0.77 = 0.06

HCW (NICU) 4 0.65 + 0.10

HCW (SICU) 2 0.79 + 0.00

D PAT, HCW 31 073 012
PAT 11 0.69 = 0.11

HCW 20 0.72 = 0.10

HCW (NICU) 12 0.71 £ 0.11

HCW (SICU) 8 0.74 = 0.11

29 hospitals (control) PAT 29 0.72 £ 0.10

“ PAT, patients.

(from HW34RN, HW32XT, and HW33NA), all collected on
the same day. The next three clusters, clusters b, ¢, and d, each
contained one patient isolate and one HCW isolate (from P11
and HW35RN, P21, and HW29RN, and P24 and HW37TE,
respectively) collected 1, 5, and 27 days apart, respectively. The
fifth cluster, cluster e, contained two patient isolates and one
HCW isolate (from P10, P12, and HW38RN). None of the
latter three isolates were collected within a month of each
other, even though the three were highly related or identical.
The HCW isolate in this cluster was collected 2 months after
collection of the first BSI isolate but 7 months prior to collec-
tion of the second BSI isolate. The final cluster, cluster f,
defined at an S , ;5 threshold of 0.86, included isolates from P22
and HW31RT, collected within 2 days of each other.

The average S, for the combined collection from hospital
C was 0.77 = 0.09, which was somewhat higher than that for
the control collection (Table 2). The dendrogram for the hos-
pital C collection contained a cluster of two highly related
isolates, one from HW43NU and one from P27 (Fig. 6C). In
this case, the HCW isolate was collected a year prior to the
collection of the patient isolate.

The average S, for the combined collection from hospital
D was also similar to that for the control collection of unre-
lated BSI isolates (Table 2). However, the proportion of iso-
lates in clusters defined at an S, threshold of 0.85 was 74%
(Fig. 6D), compared to 59% for the control collection (P =
0.214). The combined collection from hospital D contained six
clusters defined at an S, threshold of 0.88 (Fig. 6D). Clusters
a, b, ¢, and d each contained a patient isolate and an HCW
isolate (from P5 and HW14RN, P30 and HW12RT, P20 and
HW24RN, and P7 and HW23RT, respectively) collected 2
months, 6 months, 1 month, and 1 day apart, respectively. In
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each of these instances, the patient isolate was collected before
collection of the HCW isolate. Cluster e contained isolates
from three patients and four HCWs. Five of the seven isolates
in this cluster (from HW10RN, P9, HWI9CL, HW8RN, and
HW27RN) were collected within 19 days of each other. Finally,
cluster f contained eight isolates, one from a patient and seven
from HCWs. Seven of the eight isolates were collected in a
6-month period. Among the isolates in the latter cluster, the
isolates from P8 and HW19RT were connected at an S i3 node
of 0.98. In this case, the HCW isolate was collected more than
1 year prior to collection of the patient isolate.

In 11 cases, a BSI and an HCW isolate collected from the
same hospitals within a 2-month period were highly related
(Sap = 0.88) (Table 3). In all but one of the cases, the BSI
isolate was collected in the same ICU as the HCW isolate. In
the one exceptional case, isolates from three HCWs in the
SICU of hospital D were highly similar to the isolate from
patient P9 in the NICU (Table 3). The isolates from the SICU
in this case were collected 19 days after collection of the BSI
isolate from patient P9 in the NICU and 15 days after collec-
tion of a related isolate from an HCW in the NICU. Although
in the preceding analysis, cases were noted of HCW isolates
collected prior to related BSI isolates, in the majority of cases,
BSI isolates were collected prior to related HCW isolates from
the same hospital (Table 3). In all but one of these cases,
isolates were also obtained from HCWs in the same ICU prior
to collection of the BSI isolate that were unrelated to the BSI
isolates (Fig. 6).

Stability of clusters. In this analysis, we have considered
unrelatedness to be reflected by an S, of 0.72, on average,
and a high degree of relatedness to be reflected by S ,gs above
0.90. In analyzing the cluster characteristics of collections, we
used thresholds of 0.85 or 0.86 to define clusters. Since the
order of data input by the UPGMA method can affect branch-
ing and, thus, the stability of clusters in a dendrogram (5), we
randomized data input for the largest dendrogram in the study,
the combination dendrogram for patients and HCWs from
hospital D (Fig. 6D). The input was randomized 20 times. At
the S ,p threshold of 0.80, 100% of the isolates that separated
into the two major clusters x and y remained in those two clusters,
demonstrating that the intermediately rooted branches that de-
fined those clusters were stable. In addition, all clusters above the
S ap threshold of 0.90 remained intact, demonstrating that the
highly related clusters were also stable.

DISCUSSION

" The National Nosocomial Infections Surveillance System
conducted by the Centers for Disease Control and Prevention
reported an increase from 2.0 nosocomial fungal infections per
1,000 discharges in 1980 to 3.8 per 1,000 discharges in 1990, an
approximately twofold increase (7). In that survey, significant
increases were observed in medical, surgical, and newborn
services, as well as in subspecialty services such as burn and
trauma, cardiac surgery, and high-risk nursery services, in a
10-year period (7). The rates of nosocomial fungal infections,
therefore, have increased in all types of hospitals, for all types
of specialty services, and at all sites of infection (32).
Candida spp. account for approximately 8% of all nosoco-
mial BSIs (31-33), and of these, C. albicans accounts for the
majority (50 to 70%) (7, 30, 31--33). Because Candida spp. car
be carried as commensal organisms, several possible origins o
nosocomial infections must be considered. First, it has beer
demonstrated that at least two-thirds of healthy individual:
carry a Candida sp. in their natural microflora (55). In a sig
nificant number of these cases of Candida carriage, individual:
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FIG. 5. Dendrograms of the isolates from HCWs of hospitals A (A), B (B), C (C), and D (D). The type of HCW is noted immediately to the right of health care
warker number. The type of ICU and the date of collection are noted to the right of each isolate. Arbitrary S, thresholds are drawn at 0.80 (straight line) and 0.90

(dashed line). Abbreviations for HCWs are provided in Materials and Methods.

carry Candida spp. in at least two anatomical niches, most
notably the vaginal canal and the oral cavity. In approximately
two-thirds of such individuals, unrelated C. albicans strains or
different species colonize the alternative anatomical locales,
and in the remaining third, substrains that are highly related
but nonidentical colonize the alternative locales (55). Since
there is growing genetic evidence suggesting that in the major-
ity of patients commensal organisms are the source of subse-
quent infection (38, 60), commensal organisms established in
the patient at the time of hospitalization should represent the
major source of nosocomial yeast infections. However, just as
the majority of patients carry commensal organisms prior to
infection, so do the HCWs who interact with patients and so do
individuals who visit patients. Therefore, there is also the pos-
sibility that infectious yeasts can be transferred from the latter
individuals to susceptible patients (4, 16, 41, 43, 44, 55). In
addition, there is growing concern, especially in the case of
aspergillosis, that the physical environment of the hospital can
harbor endemic strains of infectious fungi that may be respon-
sible for a portion of nosocomial infections (10, 20, 25). A
recent analysis of the genetic diversity of BSI isolates by the
same fingerprinting methods used here suggested that partic-

ular BSI strains are more highly concentrated in particular
geographical locales, that established BSI strains may be en-
demic in some hospitals, and that these endemic strains may
adapt through microevolution to those hospital settings (34).
Molecular genetic studies have also demonstrated that single
strains have been responsible for a number of temporally as-
sociated outbreaks of candidemia in the same hospital or ICU
(15, 26, 39, 46, 47, 51). In some cases, the isolates cultured
from the hands of HCWs have been found to be genetically
similar or identical to nosocomial strains (11, 12, 15, 35), al-
though the direction of transfer in these cases was usually not
apparent.

Isolates from the same patient. There is compelling genetic
evidence from a variety of studies that have used a variety of
DNA fingerprinting methods that individuals usually harbor
the same commensal or infecting strain of C. albicans over
extended periods of time (23, 38, 42, 46, 47, 50, 54, 56, 60) and
that over time colonizing strains undergo microevolution that
can be monitored through reorganization of the hypervariable
regions identified by the C1 fragment of the Ca3 probe, which
contains a cluster of the repeat element RPS (23, 55). Here, we
have compared isolates from urine, stool, and other sites of
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FIG. 6. Dendrograms for combined BSI isolates and HCW isolates from hospitals A (A), B (B), C (C), and D (D). Only one BSI isolate from each patient was used.
Isolate labels are explained in Materials and Methods. Arbitrary S, thresholds are drawn at 0.80 (straight line) and 0.90 (dashed line). Clusters determined by a

threshold of 0.90 are delineated to the right of each dendrogram.

infection with commensal organisms with BSI isolates from the
same individuals. Stool and urine isolates collected prior to
and after collection of the first BSI isolate were similar or
identical to the BSI isolates in approximately 90% of the pa-
tients. However, because all isolates were obtained from each
patient after the patient entered the SICU, we cannot be cer-
tain that in all patients the infecting strain originated from the
commensal strain carried into the hospital by the patient. In-
deed, a variety of strains rather than a single C. albicans strain
may have become endemic in a. particular hospital setting,
leading to a variety of nosocomial isolate genotypes similar in
diversity to the variety of genotypes of isolates carried as com-
mensal organisms in healthy individuals. Therefore, similar
levels of diversity (e.g., equal S,5s) do not exclude the possi-
bility that a variety of endemic hospital strains are responsible.
A second study is therefore planned. In that study high-risk
patients will be sampled prior to and after entering the hospi-
tal, and isolates from a control group of healthy individuals
from the same geographical locale will be used for comparison.
In the case of infants who acquire nosocomial infections in
NICUs, Candida colonization must originate from either the
mother or the hospital setting.

The proportion of patient isolate collections that included
isolates with highly related but nonidentical patterns and that
were therefore undergoing microevolution was 33%. This
value is below the values of 66 and 55% previously observed
for collections of commensal isolates and isolates that caused
vaginitis, respectively (22). The difference may be due to the
time frame of the study. Carriage of the same commensal
strain usually continues for very long periods of time, and the
same established strain is responsible for recurrent vaginal
infections over periods of up to several years (22). Therefore,
in both patients who carry commensal organisms and patients
with recurrent yeast vaginitis, the colonizing strain has ample
chance to diversify through microevolution. The lower figure
for hospitalized patients suggests that the strains that colonize
patients in the respective ICUs have not had ample time tc
diversify, supporting the idea either that they recently colo
nized their present hosts or that one commensal substrair
recently dominated the colonizing population.

Possibility of endemic BSI strains in ICUs. The average S4;
for BSI isolates in each of the four test hospitals was similar t¢
that for the unrelated control collection and could therefore b
interpreted to support the conclusion that the isolates fron
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TABLE 3. Highly related BSI and HCW isolates collected from the same hospitals within 2 months of each other

BSI Type of ICU Time (no. of days
Haospital patient HCW BSI San ] before or after)
patient HCW isolation from HCW

A P2 HWSRN N N 0.94 -9
P3 HWTRN N N 0.89 -1
B P11 HW35RN S S 0.97 +1
P21 HW29RN S S 0.94 +5
P24 HW37TE N N 0.90 +27
P12 HW38RN N N 1.00 +62
P22 HW31RT S S 0.87 +2
D P5 HWI14RN S S 0.88 +62
P20 HW24RN N N 0.96 +33
p7 HW23RT N N 1.00 +1
P9 HW27RN N N 0.88 +4
HWSRN N S 0.91 +19
HW10RN N S 0.93 +19
HWICL N S 0.91 +19

“ Time before (=) isolation of the BSI isolate or time after (+) isolation of the BSI isolate.

patients with candidemia in each hospital collection were un-
related and therefore did not emanate from the hospital envi-
ronment. However, there were more isolates in clusters in
three of the four hospital collections than in the control col-
lection of BSI isolates. Therefore, while no single strain was
responsible for the majority of nosocomial BSIs in any of the
ICUs of the four hospitals in this study, BSI isolates showed
more group relationships, on average. The latter point is rein-
forced by two additional observations. First, the collections of
BSI isolates from hospitals A and D each contained a pair of
identical isolates from different patients, while no identical
isolates emerged in the collection of 29 unrelated control BSI
isolates. Second, hospital D contained a cluster of 4 BSI iso-
lates defined at an S 5 threshold of 0.90 that represented 33%
of isolates from that hospital, while the largest cluster in the
control BSI collection defined at that threshold contained 3 of
29 isolates, which represented only 10% of the collection.
Schmid et al. (49) obtained similar results in an analysis of
surveillance isolates from 32 patients in different wards of a
hospital in New Zealand. Using Ca3 fingerprinting to analyze
relatedness, they found that isolates in each ward were, on
average, more highly related than isolates in general.

Strong relationships exist between BSI isolates and isolates
obtained from the hands of HCWs. The isolates from the
hands of HCWs in each of the four hospitals exhibited cluster
characteristics similar to those of BSI isolates from the respec-
tive hospitals. The same two hospitals, hospitals A and C,
exhibited the highest average S,gs for both BSI and HCW
isolates, and hospital A had the highest proportion of both BSI
and HCW isolates in clusters at an S, threshold of 0.86, 67
and 71%, respectively, compared to 52% for the control col-
lection of unrelated BST isolates. There were several additional
cluster characteristics that suggested that the BSI isolates and
HCW isolates were related. In the HCW isolate collection
from hospital A, six of the seven isolates grouped in one cluster
at an § g threshold of 0.85, suggesting that an endemic strain
had cross-contaminated the hands of hospital coworkers over a
period of approximately 1 year and that this strain had under-
gone significant microevolution. In a combined dendrogram of
patient and HCW isolates from hospital A, the four BSI iso-
lates that formed a major cluster in the dendrogram for the
BSI isolates mixed with the isolates in the HCW cluster. Iso-

lates in the mixed cluster were distributed between the SICU
and NICU of hospital A, suggesting a general endemic strain.
Isolates in this mixed cluster represented 69% of isolates in the
combined collection of isolates from hospital A. An additional
cluster of isolates from one patient and one HCW isolate with
a node at an S, of 0.95 also emerged in the dendrogram for
the mixed collection of isolates, raising the proportion of iso-
lates from hospital A in mixed clusters defined at an S,p
threshold of 0.85 to 85%. This value was significantly higher
than the value of 59% obtained for the control collection of
BSI isolates at the same S,p threshold. Similar results were
obtained in the dendrograms for the mixture of patient and
HCW isolates from hospitals B and D. Mixed clusters defined
at an S,p threshold of 0.85 dominated each mixed dendro-
gram. The proportions of isolates in clusters defined at an S o5
threshold of 0.85 for collections of isolates from hospitals B
and D were 80 and 74%, respectively; again, both values were
significantly higher than the value of 59% obtained for the
control collection.

For 11 BSI patients from the four hospitals, isolates that
were collected from HCWs within a 2-month period were
related to the BSI isolates at an S5 threshold of 0.86. In all
but one of these cases, the BSI and HCW isolates were ob-
tained in the same ICU. For example, isolates from HW38RN
and patient P12 had an S,z of 1.00 and were collected 2
months apart in the same NICU, and isolates from HW4SU
and P18 had an S,z of 1.00 and were collected 1 year apart in
the same NICU. In the case of patient P9 in the NICU of
hospital D, related isolates with S 4ps of = 0.90 were obtained
19 days later from HCWs in the SICU of the same hospitals.
Fifteen days earlier, a related isolate had been collected from
an HCW in the NICU, suggesting cross-contamination be-
tween HCWs in the alternative ICUSs. The times of isolation of
identical isolates from patients and HCWs in the same ICUs
were sometimes separated by several months. For example, an
isolate from HW4SU in the NICU and an identical isolate
from patient P16 in the SICU of hospital A were collected 7
months apart. Clustering in the mixed dendrograms for isolates
from each hospital demonstrated cross-contamination between
the hands of HCWs and patients in the same hospitals. In 12 of
the 14 cases in which related BSI and HCW isolates were
collected within 2 months in the same hospital, the HCW
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isolate was collected after collection of the BSI isolate. These
results suggest that in ‘the majority of cases, transmission is
from a BSI patient to an HCW, but in a minority of docu-
mented cases, HCW isolates were collected up to several
months prior to collection of highly related BSI isolates, sug-
gesting transmission from an HCW to a patient.

Conclusion. By computing average S s and comparing the
clustering characteristics of BSI isolates in the test collections
and a control collection of unrelated BSI isolates, we can
conclude that in none of the four test hospitals was a single
endemic strain responsible for the majority of BSIs in an ICU.
However, the characteristics of clustering in dendrograms sug-
gest that endemic strains may account for some infections, and
comparisons between BSI and HCW isolates demonstrate a
high degree of relatedness in many cases that can only be
interpreted as cross-contamination. Our evidence suggests that
cross-contamination occurs between patients and HCWs, be-
tween HCWs in the same ICU, and between HCW:s in different
ICUs of the same hospital. The temporal sequence of isolation
in most cases supports the conclusion that HCWs are contam-
inated by isolates from infected or colonized patients, but in a
minority of cases transmission appears to be from HCW to
patient. Our results demonstrate that DNA fingerprinting with
the complex probe Ca3 provides the resolution necessary for
such studies and provides the framework necessary for devel-
opment of a surveillance study that will address, first, the
origins of nosocomial infections in NICUs, second, the rela-
tionship between commensal organisms carried by healthy in-
dividuals prior to hospitalization and subsequent infecting
strains in SICUs, third, the impact of transfer from HCW to
patient, and, fourth, the microevolution of endemic strains in
hospital settings.
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V. RESULTATS I DISCUSSIO.

OBJECTIU 1. Avaluar ’activitat in vitro d’un nou antifiingic azdlic (voriconazol)
1 dues equinocandines (caspofungina, anidulafungina) enfront de diferents espécies

de Candida aillades en hemocultius

Articles 1,2 i 3.

In vitro activities of voriconazole (UK-109,496) and four other antifungal agents
against 394 clinical isolates of Candida spp. Antimicrob Agents Chemother 1998;
42:161-163.

Activity of MK-0991 (L-743,872), a new echinocandin, compared with those of
LY303366 and four other antifungl agents tested against blood stream isoltes of
Candida spp. Diagn Microbiol Infect Dis. 1998;31:33-37

Trends in frequency and in vitro susceptibilities to antifungal agents, including
voriconazole and anidulafungin, of Candida bloodstream isolates. Results from a

six years study (1996-2001). Diagn Microbiol Infect Dis. (enviat a publicar)

En els darrers anys hem assistit a un increment en la incidéncia de les
infeccions flingiques invasives, no tant sols en quan al nombre, sino tambe en el tipus
d’agents implicats. Una clara consequéncia d’aquesta situacié ha estat la necessitat
de disposar de nous antifungics per tractar aquestes infeccions i evitar els
inconvenients dels antifingics actuals, com la toxicitat (amfotericina B), espectre
d’activitat limitat (fluconazol), problemes de biodisponibilitat (itraconazol) o el
desenvolupament de resistencies amb certa facilitat si s’administren sols (5-

fluorocitosina).

En el nostre treball recerca hem tingut 1’oportunitat d’estudiar I’activitat in

vitro de tres nous antifiingics. El primer d’ells, el voriconazol, un nou derivat
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triazolic del fluconazol que properament es comercialitzara en el nostre pais. La
capacitat d’inhibir la 14a-demetilasa de lisats de C. albicans i A. fumigatus és de 1.6
a 160 cops superior a la de fluconazol (Hitchcock et al, 1995). Es caracteritza per un
espectre d’activitat ampli que abarca Candida spp, Aspergillus spp, C. neoformans,
fongs dimorfics, i fongs emergents com algunes espécies de Fusarium i Penicillium
marneffei. Els altres dos compostos estudiats sén dues equinocandines, la
caspofungina (coneguda anteriorment com 1.-743,872 i MK-0991) i 1’anidulafungina
(coneguda previament com 1. Y303366 i V echinocandin). Totes dues actien inhibint
de forma no competitiva ’enzim (1,3)-pB-D-gluca sintasa i manifesten una potent
activitat enfront de Candida spp, Aspergillus spp, Histoplasma capsulatum i

Pneumocystis carinii. No tenen activat sobre C. neoformans.

L’activitat in vitro del voriconazol, anidulafungina i caspofungina es va
avaluar enfront d’una colleccid de 394 (voriconazol) i 400 (anidulafungina i
caspofungina) aillats de Candida spp procedents d’hemocultius de 31 institucions
hospitalaries. Els dos primers antifiingics, voriconazol i anidulafungina, també els
hem estudiat amb els 218 aillats de Candida spp recuperats en els hemocultius

practicats a I’Hospital Clinic en el periode de 1996 a 2001.

Per determinar la CMI es va fer servir en els tres estudis el metode descrit en
el document M27A del NCCLS. En la nostra experiéncia creiem, que €s un metode
amb una elevada reproductibilitat i que va permetre el creixement de tots els aillats
estudiats. Es cert perd, que en determinats aillats el creixement a les 24 h és escas.
Per determinar la CMI del voriconazol es va seguir les recomanacions que el
document dona per els altres azols (fluconazol i itraconazol). Es va considerar que
la CMI de les dues equinocandines corresponia a aquella concentracié en la que es

produia una inhibicié total del creixement.
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En una analisi global dels resultats de les CMIs obtingudes, el voriconazol va
demostrar ser molt actiu enfront de totes les especies de Candida estudiades, amb
una CMI90 de 0.5 pg/ml (article 1) i 0.25 pg/ml (aillats de 1’'Hospital Clinic).
L’activitat enfront de C. albicans és remarcable, amb una CMI90 de 0.03-0.06
pg/ml. Només hem tobat una soca (< 1%) al nostre hospital, entre les 91 estudiades,
amb una CMI de 8 ug/ml que caldria considerar-la com a resistent. En canvi, entre
les 206 del primer article, 7 aillats (3.4%) tenien una CMI > 16 pg/ml. L’activitat
enfront de C. parapsilosis va ser clarament superior a la de fluconazol (32 cops més
actiu) i itraconazol (2-8 cops més actiu) i no hem detectat cap soca amb una CMI >
1 pg/ml. Enfront de C. tropicalis es comporta com a 4 cops més actiu que
I’itraconazol i de 16 a 32 cops més actiu que el fluconazol. Una de les soques de C.
tropicalis aillades al nostre centre va manifestar una CMI de 8 pg/ml i tres dels

aillats del primer treball una CMI > 4 pg/ml.

L’activitat del voriconazol enfront de les espécies amb sensibilitat
disminuida al fluconazol (C. glabrata) o intrinsecament resistents al fluconazol (C.
krusei) és elevada. En C. glabrata, la CMI90 va ser de 0.5 a 1 pg/ml, de dos a 4
cops més actiu que 1I’itraconazol i 64 cops més actiu que el fluconazol. En el nostre
centre no hem trobat aillats amb una CMI > 1 pg/ml, en canvi en el primer article,
en varem detectar 8. Tots els aillats de C. krusei es van inhibir amb una CMI < 1

pg/mi.

Estem davant d’un nou compost triazolic amb una potent activitat in vitro,
clarament més actiu que el fluconazol i I’itraconazol, perd qué amb la nostra
experiéncia, quan la soca manifesta resisténcia al fluconazol (> 64 pg/ml), amb
I’excepcid de C. krusei, les CMIs també son elevades indicant que probablement es

veu afectat pels mateixos mecanismes de resisténcia que el fluconazol. Hi ha pero
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autors (Barry et al, 1996; Ruhnke et al, 1997) que han trobat que el voriconazol pot

ser actiu en soques de C. albicans resistents al fluconazol (> 64 pg/ml).

Les dues equinocandines estudiades (caspofungina i anidulafungina) han
demostrat tenir una elevada activitat in vitro enfront de les diferents espécies de
Candida estudiades, amb alguna excepcié que comentarem. La CMI90 de la
caspofungina enfront de C. albicans, C. glabrata i C. tropicalis se sitia en un
interval de 0.12 a 0.25 pg/ml. La corresponent CMI90 de ’anidulafungina per als
mateixos aillats d’aquestes espécies va ser lleugerament superior amb un interval de
0.25 a 0.5 pg/ml. Els resultats que hem obtingut amb I’estudi de D’activitat de
P’anidulafungina amb els aillaments d’aquestes tres espécies a 1"'Hospital Clinic s6n
molt similars, amb un interval de CMIs90 de 0.12 a 0.25 pg/ml. Les CMIs de les
dues equinocandines en C. krusei son lleugerament més elevades amb un interval
de 0.12 a 1 pg/ml per als dos compostos (article 2) i 0.12 a 0.5 pg/ml per
I’anidulafungina amb els aillats del nostre centre. Les CMIs de C. parapsilosis sén
més elevades si ho comparem amb 1’activitat que tenen sobre les altres espécies.
Aquesta es una caracteristica també observada amb una altra equinocandina, la
micafungina (Tawara et al, 2000), pero que €s més manifesta amb ’anidulafungina
(CMI90 >2 pg/ml). Aixo podria representar un inconvenient en els tractaments amb
aquest derivat ja que les dades farmacocinétiques d’aquest farmac indiquen que els
nivells assolits a sang sén propers als valors de les CMIs obtingudes en C.

parapsilosis (Brown et al, 2000).

Com era d’esperar pel seu mecanisme d’accid, les dues equinocandines van
demostrar tenir la mateixa activitat amb independéncia de si els aillats eren
sensibles o resistents als compostos azolics (fluconazol, itraconazol 1 voriconazol).
En resum, tant la caspofungina com P’anidulafungina, sén dos antifingics amb un

futur prometedor en el tractament de les candidemies.
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OBJECTIU 2. Cone¢ixer la freqiiéncia de les diferents espécies de Candida
responsables de candidémia en el nostre medi (1996-2001) i la seva sensibilitat als

antifiingics, incloent-hi els nous compostos voriconazol i anidulafungina.

Article 3.
Trends in frequency and in vitro susceptibilities to antifungal agents, including
voriconazole and anidulafungin, of Candida bloodstream isolates. Results from a

six years study (1996-2001). Diagn Microbiol Infect Dis. (enviat a publicar)

Al llarg d’un periode de sis anys, des de 1996 fins el 2001, hem tingut
I’oportunitat d’estudiar les diferents espécies de Candida aillades en els hemocultius
practicats als malalts ingressats a 1'Hospital Clinic. El nombre total de soques
aillades ha estat de 218. Globalment, ’espécie més frequent va ser Candida albicans
amb un 41.7% dels casos, seguida de C. parapsilosis (22%), C. tropicalis (16.1%),
C. glabrata (11.9%), C. krusei (6%) i altres espécies (2.3%). A la taula 1 es resumeix

el nombre de soques aillades per any i els percentatges corresponents.

Taula 1.
Nombre d’aillats (%) per any

Espécies 1996 1997 1998 1999 2000 2001 Total

C. albicans 16 (59.3) 12 (42.9) 12(29.3) 18 (46.1) 15(42.9) 18 (37.5) 91 (41.7)
C. parapsilosis  6(22.2) 3(10.7) 11(26.8) 9(23.1) 8(22.9) 11(22.9) 48 (22)
C. tropicalis  2(74) 8(28.6) 5(122) 7(18) 6(17.1) 7(146) 35(16.1)
C. glabrata  2(74) 3(108) 9(219) 3(7.7) 4(114) 5(104) 26(11.9)

C. krusei 137 1(36) 4098 2(51) 2(7) 3(63) 13(6)
Candida spp - 1*(36) - - - 4°83) 5(.3)
Totes 27 28 41 39 35 48 218

a) C. guilliermondii; b) C. guilliermondii and C. famata (un aillat cada una), Candida spp (dos aillats).
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Hi ha diversos aspectes a destacar sobre els resultats obtinguts. En primer
lloc, cal fer esment que des de I’any 1997, els percentatges de candidémia atribuibles
a C. albicans en el nostre centre se sitiien en valors inferiors al 50%. Un altre fet a
comentar és que C. parapsilosis s’ha situat en segon lloc, després de C. albicans,
com agent etiologic responsable de candideémia i que C. glabrata i C. krusei se sitiien
en quart i cinqué lloc després de C. tropicalis. Algunes d’aquestes observacions
també han estat comunicades per altres autors. Nguyen i cols descriuen en un estudi
multicéntric prospectiu realitzat entre els anys 1990 i 1994, que en la segona part del
periode estudiat, la incidencia de candidémia per especies de Candida no-albicans va
ser superior a la de C. albicans (Nguyen et al, 1996). Les dades corresponents a
I’any 1996 d’un hospital de Madrid indiquen que només el 26.8% de les fungemies
eren degudes a C. albicans (Muiioz P, 1997). En un altre estudi multicéntric realitzat
a Espanya entre els mesos d’abril 1 juny de ’any 1997, es van analitzar els agents
etiologics de 153 episodis de fungemia per llevats. Les dades aportades pels diferents
hospitals participants indiquen que C. albicans i C. parapsilosis van ser responsables
del 38.6% i 34.6% dels casos, respectivament (Rodriguez-Tudela et al, 1999). Més
recentment, en un ampli estudi que forma part del programa SENTRY realitzat
durant els anys 1997 1 1999, la candidémia per C. albicans va ser la més frequent als
Estats Units, Canada, Europa i I’America Llatina, tot i que, en aquesta darrera zona
geografica, va ser superada per la suma de les especies no-albicans (Pfaller et al,
2001). De fet, les dades corresponents a aquesta darrera zona geografica sén bastant
similars a les del nostre centre (Pfaller, et al, 2001). En relacié a les dades globals
corresponents als hospitals europeus participants s’objectiva una major proporcié de

candidémia atribuible a C. albicans que no pas en el nostre centre: 58% vs 39.4%.

Les diferéncies observades entre centres, paisos o aries geografiques son
dificils d’explicar perque poden estar implicades diverses raons. La utilitzacié de
compostos azolics, principalment fluconazol, en pautes de profilaxi s’ha relacionat

amb un augment d’infeccions per C. glabrata i C. krusei (Wingard et al, 1991;
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Wingard et al, 1993; Abi-Said et al, 1997). En el nostre centre, la utilitzacié de
fluconazol o itraconazol com a profilaxi de les infeccions fiingiques en malalts amb
immunodepressié estd ben establerta des de fa molts anys. Els percentatges
d’aillaments de C. glabrata i C. krusei d’aquests sis anys és d’un 17.9% si englobem
les dues espécies. La major part dels malalts en queé es va aillar C. glabrata i en tots
els casos de C. krusei rebien o havien rebut pautes profilactiques amb azols. De totes
formes, els valors finals estan influenciats pel baix nombre d’aillats recuperats cada
any i pels valors elevats de I’any 1998. No obstant, és una situacié que caldra vigilar-
ne la seva evolucid en els propers anys. En 1’angment del nombre d’infeccions per C.
parapsilosis s"han implicat la utilitzacié d’alimentacié parenteral, problemes amb el
manteniment dels catéters o I’incumpliment de les normes habituals de prevencié de
les infeccions nosocomials (Levin et al, 1998). Es molt probable que aquests dos
ultims factors siguin els més importants en el nostre centre i que altres casos, com els
atribuibles a contaminacions de 1’alimentacié parenteral siguin fets puntuals o
anecdotics, donat que els controls microbiologics periodics que es realitzen
d’aquestes sol.lucions sempre han estat negatius per aquest microorganisme. Un altre
aspecte a comentar, sobre tot en el cas d’estudis multicentrics i qué pot influir en la
interpretaci6 dels resultats, és qué el nombre d’aillaments obtinguts o comunicats
pels diversos centres participants sol ser molt variable. Crida I’atencid, al menys pel
que fa referéncia als hospitals espanyols integrats al projecte SENTRY amb unes
caracteristiques similars a les del nostre centre, que el nombre d’aillaments de
Candida spp obtinguts en un periode de tres anys, des de ’any 1997 al 1999 és
realment baix. En el primer hospital es comuniquen 21 aillaments essent un 67%
d’ells C. albicans; en el segon, el nombre total de soques és de 14 i un 29% de C.
albicans 1 el tercer hospital no arriva als 10 aillaments en tres anys (Pfaller, et al,
2001). En la nostra opinid creiem que cal ser molt prudent a 1’hora de valorar
aquestes dades donat qué és molt improbable que s’hagin comunicat tots els

aillaments obtinguts.
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Tot i que ja hem comentat I’activitat del voriconazol i ’anidulafungina al fer
esment dels resultats dels treballs inclosos a 1’objectiu I, cal remarcar diversos fets

referents a I’activitat dels antifingics amb el aillats de candidémia del nostre centre.

En el nostre hospital, durant el periode de sis anys estudiat (1996-2001), la
resisténcia al fluconazol dels aillats de C. albicans procedents d’hemocultius és
inferior a 1’1%. La resisténcia a aquest antifingic en C. tropicalis va ser del 3%. No
es va detectar cap aillat resistent en C. parapsilosis. Tot i qué no es va trobar cap
aillat de C. glabrata resistent al fluconazol (CMI > 64 ug/ml), un 23% dels
aillaments van manifestar una CMI de 16-32 pg/ml. Voriconazol ha demostrat ser
molt actiu enfront de totes les soques estudiades inhibint a una concentracié igual o
inferior a 1 pg/ml, el 100% dels aillaments de C. parapsilosis, C. glabrata i C. krusei
iel 99% i1 97% dels aillats de C. albicans 1 C. tropicalis, respectivament. Si la soca
manifestava una CMI > 64 pg/ml al fluconazol, les CMIs de voriconazol eran
elevades (8 pg/ml). Anidulafungina va inhibir tots els aillats estudiats a una CMI <
0.5 pg/ml, amb ’excepcid de C. parapsilosis (CMI90: 4 ug/ml i C. guilliermondii,
CMI: > 32 pg/ml

OBJECTIU 3. Avaluar [’activitat in vitro de dos nous antifiingics azolics
(voriconazol, posaconazol) i dues equinocandines (caspofungina, anidulafungina)

enfront diferents espécies de fongs filamentosos aillades en mostres cliniques.

Articles 4,51 6.

Antifungal activity of a new triazole, voriconazole (UK-109,496), compared with
three other antifungal agents tested against clinical isolates of filamentous fungi.
Med Mycology. 1998;36:433-436.

In vitro activity of a new triazole antifungal agent, Sch 56592, against clinical

isolates of filamentous fungi. Mycopathologia. 1998;141:73-77.
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In vitro activity of two echinocandin derivatives, LY303366 and MK-0991
(L-743,792), against clinical isolates of Aspergillus, Fusarium, Rhizopus, and other
filamentous fungi. Diag Microbiol Infect Dis. 1998;30:251-255

En aquests tres articles hem valorar I’activitat in vitro de dos triazols,
voriconazol i posaconazol (conegut' previament com Sch 56592) i dues
equinocandines, caspofungina i anidulafungina. El posaconazol és un analeg de
I’itraconazol, perd com a minim, és 10 cops més potent inhibint ’enzim 14a—
demetilasa d’A. fumigatus i A. niger (Munayyer et al, 1996). El seu espectre

d’activitat és molt similar al de voriconazol.

L’activitat in vitro d’aquests quatre antifiingics es va determinar enfront de
diversos fongs filamentosos procedents de diferents aillaments clinics. En total es
van estudiar 51 aillats distribuits de la segilient forma: 4. fumigatus (12), A. flavus
(10), Fusarium oxysporum (5), Fusarium solani (5), Fusarium spp (3),
Pseudallescheria boydii (5), Rhizopus spp (6), A. niger (1), A. terreus (1),
Acremonium spp (1), Paecilomyces spp (1) i1 Trichoderma spp (1).

Quan es va fer I’estudi, el NCCLS encara no havia publicat el document
M28P, perd per determinar les CMIs es van fer servir les recomanacions del
document M27A (NCCLS M27A, 1997) i les del treball multicéntric publicat per
Espinel-Ingroff i cols que va servir per la posterior el.laboracié del document M28P
(Espinel-Ingroff et al, 1997). La lectura de les CMIs es va realitzar a les 48 i 72 h.
Tots el aillats van tenir un creixement adequat a les 48 h, excepte 1'inic aillat de
Trichoderma spp, que va necessitar 72 h. Per als triazols i equinocandines es va
considerar que la CMI corresponia a aquella concentracid en la que es produia una

reduccié del creixement d’un 75% comparat amb el creixement del control.
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Si analitzem els resultats globalment, els dos nous triazols va ser més potents
in vitro que I’itraconazol (2 a 8 cops més actius). Les CMIs de posaconazol
obtingudes en el conjunt d’aillats d’Aspergillus spp (24) van ser inferiors a les de
voriconazol en una o dues dilucions. Aixi, si analitzem I’interval de CMIs obtinguts
en A. flavus, el de posaconazol va ser de 0.06 a 0.25 pg/ml i el de voriconazol de
0.12 a 0.5 pg/ml. En A. fumigatus, aquests valors van ser 0.12 2 0.25 ug/mli 0.25 a
0.5 pg/ml, resoectivament. Tots dos antifingics van tenir una activitat escasa
enfront de Fusarium spp (CMI50: 2 pg/ml). Els resultats obtinguts amb el cinc
aillats de P. boydii ens indiquen que voriconazol va ser més actiu que posaconazol
(CMI50: 0.12 vs 1 pg/ml), en canvi, en el sis aillats de Rhizopus spp va ser el
posaconazol el més potent (CMIS0: 1 vs 8 pg/ml). Cal destacar que, en aquests

darrers aillats, I’activitat in vitro de I’itraconazol va ser igual a la de posaconazol i

per tant, superior a la de voriconazol.

Els resultats d’aquestes CMIs corresponen a una incubacié de 72 h i el
NCCLS, en el seu document M28P, recomana fer la lectura amb una incubacié de
48 h. En el nostre cas, si la valoracié de les CMIs s’hagués realitzat a les 48 h, els
resultats haurien estat els mateixos o bé, una dilucié menys. De totes formes les
dades que hem obtingut sén similars a les comunicades per altres investigadors
(Espinel-Ingroff et al, 1997; Espinel-Ingroff et al, 1998; McGinnis et al, 1997,
Oakley et al, 1997; Radford et al, 1997).

Les dues equinocandines van demostrar tenir una bona activitat enfront
d’Aspergillus spp amb una major potencia intrinseca de I’anidulafungina. En 4.
Sfumigatus i A. flavus, la CMI90 d’aquest ultim compost va ser de 0.06 1 0.03 pg/ml,
respectivament i la de caspofungina, 0.12 ug/ml en les dues especies. Cap dels dos
farmacs va demostrar tenir activitat enfront de Rhizopus spp 1 Fusarium spp (CMIs

>2 pg/ml). L activitat sobre P. boydii va ser discreta amb una CMI50 de 0.5 pg/ml
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(caspofungina) i 1 pg/ml (anidulafungina). Amb aquests antifiingics, la lectura de
les CMIs a les 72 h va ser practicament la mateixa de la realitzada a les 48 h en
quasi tots els aillats. De totes formes, la determinacié de la CMI amb les
equinocandines, en especial amb els fongs filamentosos, no estd completament
resolta. Els criteris utilitzats per establir la CMI ha variat des d’una inhibici6
prominent del creixement (< 50% comparat amb el control) fins a un 80%
d’inhibicié. Es probable que aquests criteris infravalorin l’activitat de les
equinocandines ja que, a concentracions inferiors a la de la CMI, s’observen
alteracions en les hifes (hifes escurgades, més ramificades i amb extrems
deformats) que podrien reflexar millor I’activitat in vitro dels compostos (Douglas
et al, 2000; Kurtz et al, 1994). Per aixo, alguns autors proposen la utilitzacié del
concepte concentracié minima efectiva (CME), que correspondria a aquella

concentracié en la es veurien les modificacions de les hifes (Arikan et al, 2001).

OBJECTIU IV. Aval.luar I’aplicacié de la sonda semirepetitiva Ca3 en P’estudi
del grau de similitud dels aillats de Candida albicans en pacients amb candidémia i

ingressats en Unitats de Cures Intensives.

Article 7.
Flucidating the origins of nosocomial infections with Candida albicans by DNA

fingerprinting with the complex probe Ca3. J Clin Microbiol 1999;37:2817-2828.

En aquest article es va aplicar un metode genotipic, 1’analisi de ’ADN
després de la hibridacié amb una sonda semirepetitiva i complexa, com és la Ca3,
per avaluar una col.lecié d’aillaments de C. albicans obtinguts durant un periode de
2 anys en dues UCIs (neonatal i quirirgica) de 4 hospitals. Es van estudiar 35
aillats corresponents a 30 malalts que van presentar una candidémia i 75 aillats
recuperats en 28 d’aquests pacients a partir de mostres d’orina, femta, secrecions

respiratories o suc gastric abans, durant o després de I’episodi de candidémia. A
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més a més, es van incloure 42 aillats obtinguts de les mans de personal sanitari de
les mateixes UCIs. La sonda Ca3 ha demostrat ser molt util per analitzar el grau de
relacié genetica i la possible microevoluci6 dels aillats de C. albicans (Pyjol et al,
1997). Les imatges obtingudes després de la hibridaci6é es van analitzar amb el
programa informatic DENDRON (Soll DR, 2000) i es va calcular el coeficient de
similitud (Sap) entre els aillats. Un Sap de 1.00 indica que les soques formen part
del mateix clon; Spp entre 0.90 i 0.99 indica un grau de similtud molt elevat i
generalment indica microevoluci6é d’una sola soca quan els aillats sén obtinguts en
un mateix pacient; Sap entre 0.80 i 0.89 indica una menor relacid entre els aillats, i
un Sap < 0.75 indicaria que els aillats no tenen cap relacié entre ells. Els valors
obtinguts permeten generar de forma automatica un dendrograma i averiguar el
grau de similitud. Amb 29 C. albicans recuperades en hemocultius d’altres
hospitals i que no tenien cap relacié entre elles es va generar un dendrograma
control amb un Spg de 0.72 + 0.10. La finalitat d’aquest grup control va ser la de
tenir un grup comparatiu que ens permetés estimar el grau o auséncia de relacié

entre els aillats de candidémia de Pestudi.

Comparacio entre P’aillat de I’hemocultiu i aillats comensals.

Al comparar els aillats de I’hemocultiu i els recuperats en altres mostres es
van produir diverses situacions. En les figura 1 de la pagina segiient en tenim
alguns exemples. En alguns malalts, 1’aillat recuperat a I’hemocultiu i a altres
mostres (femta, orina) era idéntic (exemple A); en altres (exemple B), alguns dels
aillats presentaven una petita variabilitat que només reflexa P’existéncia de
microevolucio i finalment, en els exemples C i D podem veure com poden coexistir
dos tipus d’aillats o “clusters”, suggerint colonitzacié per dues soques no
relacionades. L’analisi combinat de tots els resultats indiquen queé, en
aproximadament el 90% dels malalts, els aillats recuperats a la femta i orina abans
o després de la candidémia, eren similars o ideéntics al recuperat a I’hemocultiu (Sap

0.91 — 1.00). En un 33% dels malalts es van recuperar aillats que no eren idéntics al
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de 'hemocultiu pero tenien un grau de similitud molt elevat (Sap 0.91 — 0.99), la

qual cosa suggereix la preséncia de microevolucié.
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Figura 1. Exemples de dendrogrames dels aillats obtinguts en un determinat

pacient.

138



F.Marco Resultats i discussio

Relacié genética entre els aillats responsables de candidemia obtinguts en un
mateix hospital.

Quan es van comparar els coeficients de similitud dels aillats dels 4 hospitals amb
el Sap de les soques control es va veure que era similar, la qual cosa suportava la
idea de que els ajllats dels malalts amb candidémia de cada hospital no estaven
relacionats i probablement no provenien del medi ambient hospitalari. No obstant,
es va apreciar una major tendéncia a agrupar els aillats que no pas amb la col.leccié

control. En la figura 2 es mostren el dendrogrames obtinguts en els quatre hospitals
(A,B,CiD).
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Figura 2. Dendrogrames dels aillats recuperats als hemocultius en els quatre
hospitals: A, B, CiD.
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Relacié genética entre els aillats recuperats en personal sanitari.

En la figura 3 es mostren els dendrogrames generats amb els aillats
procedents de les mans del personal sanitari. En dos hospitals (A 1 C) el Sap generat
amb els aillats obtinguts va ser superior al del grup control, perd només en
I’hospital A va ser estadisticament significactiu (p = 0.004). Els dendrogrames
generats amb els aillats recuperats en el personal sanitari dels quatre hospitals
tenien unes caracteristiques similars als obtinguts amb el aillats responsables de
candidémia. En aquest cas, perd, es produeix una associaci6 temporal en la
recuperacié d’aillats en el personal sanitari. Aixi, en alguns casos, es va aillar el
mateix dia la mateixa soca o una altament relacionada, com va passar a I’hospital
A, BiD. Aquests resultats demostren que es produeix transferéncia de soques entre

personal sanitari o a partir del pacient al personal sanitari en una mateixa UCL

Relacié genética entre els aillats responsables de candidemia i els
recuperats en personal sanitari.

Per analitzar el grau de relacié entre els aillats de candidémia i els del
personal sanitari d’un mateix hospital es van generar dendrogrames mixtes

incloent-hi un sol aillat per pacient i treballador (Figura 4).

El coeficient de similitud obtingut a I’hospital A va ser Spg : 0.83 + 0.10,
significativament més elevat que el del grup control (p = 0.002). En aquest hospital
es formen dos “clusters” utilitzant un valor de Sag de 0.89. El cluster a, inclou dues
soques (malalt i treballador sanitari) separades per nous dies de diferéncia. El
“cluster” b conté 5 aillats, dels quals tres sén idéntics. Es interesant comentar que
aquests tres aillats es van recuperar al llarg d’un periode de temps d’un any, la qual

cosa reforca la idea del establiment d’una soca endémica.

A T’hospital B es van detectar 5 ““clusters” amb un valor de Sap de 0.90. El

primer “cluster” (a) el van formar tres aillats procedents de les mans del personal
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sanitari 1 recuperats el mateix dia. Els tres “clusters” segiients (b,c,d) estaven
integrats per aillaments d’un malalt i un treballador sanitari. El cinqué “cluster”, e,
I'integraven dos aillaments de dos malalts i un d’un treballador sanitari, separats
per més d’un més de diferéncia entre ells. Un sis¢ “cluster” amb un de Sag de 0.86

estava integrat pels aillaments d’un malalt i un treballador sanitari recuperats amb

dos dies de diferéncia.
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Figura 3. Dendrogrames dels aillats recuperats en personal sanitari.
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Figura 4. Dendrogrames combinats d’aillats de candidémia i del personal
sanitari dels quatre hospitals (A, B, CiD)
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A Thospital C el dendrograma va demostrar I’existéncia d’un cluster amb dos
aillats. El procedent del treballador sanitari es va aillar un any abans que el del
pacient. A 1'hospital D es van poder definir 6 “clusters” amb un Sap de 0.88. Els
quatre primers (a,b,c i d) estaven integrats cada un per un aillat procedent d’un
malalt i d’un treballador sanitari. El “cluster” e contenia aillats de tres malalts i de
quatre treballadors sanitaris. El “cluster” f el formaven 8 aillats, 7 de treballadors
sanitaris 1 1 d’un malalt. L’analisi global d’aquests resultats suggereix que en la
majoria dels casos, la transmissié es produeix del malalt cap al personal sanitari,
pero en una minoria de casos les dades suggereixen que la transmissié és al

contrari, del personal sanitari cap al malalt.
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VI. CONCLUSIONS.

Objectiu 1.

1. Voriconazol és un nou antifiingic triazolic amb una elevada activitat in vitro
enfront de totes les especies del génere Candida, incloent-hi C. glabrata i C. krusei
(CMI90 de < 0.5 pg/ml). Les nostres dades suggereixen que els mecanismes que
confereixen resisténcia al fluconazol també afecten al voriconazol, ja qu¢ CMIs >

64 pg/ml de fluconazol es corresponen amb CMIs > 2 pg/ml de voriconazol.

2. Anidulafungina i caspofungina sén dues equinocandines igualment actives
enfront de Candida spp. La seva activitat és més reduida enfront dels aillats de C.

parapsilosis, sobre tot en anidulafungina (CMI90: > 2 pg/ml).

Objectiu 2.

3. En els darrers sis anys (1996-2991), I’especie aillada amb més freqiiéncia en els
episodis de candidémia diagnosticats en el nostre centre ha estat C. albicans. En
segon lloc s'ha situat C. parapsilosis i a continuacid, per ordre de freqiiencia, C.
tropicalis, C. glabrata i C. krusei. En els darrers cinc anys (1997-2001), el
percentatge de candidémia atribuida a espécies no-albicans (> 50%) va superar al

de C. albicans.

4. En el nostre medi, la sensibilitat al fluconazol dels aillats de C. albicans,
C. parapsilosis i C. tropicalis procedents d’hemocultius (80% del total) és del 94 al
100% (1996-2001). A una concentracié < 1pg/ml, la sensibilitat al voriconazol va

ser del 97 al 100%.
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Objectiu 3.

5. Tant voriconazol com posaconazol van demostrar tenir una bona activitat in vitro
enfront d’Aspergillus spp (CMIs90: < 0.5 i < 0.25 pg/ml, respectivament).
Voriconazol va ser més actiu que posaconazol enfront de P. boydii (CMI50: 0.12 vs
1 pg/ml), en canvi, posaconazol i itraconazol van demostrar ser més potents que

voriconazol enfront de Rhizopus spp (CMIs50: 1 vs 8 pg/ml).

6. Les dues equinocandines van demostrar la seva efectivitat inhibint tots els aillats
d’Aspergillus spp, amb una major potencia intrinseca de 1’anidulafungina (CMI90:
< 0.06 pg/ml) respecte a la caspofungina (CMI90: 0.12 pg/ml). Cap de les dues va

demostrar activitat enfront de Fusarium spp i1 Rhizopus spp.

Objectiu 4.

7. En cap dels quatre hospitals una unica soca va ser la responsable de les

candidémies per C. albicans en les UCIs estudiades.

8. Les caracteristiques d’agrupaci6 en els dendrogrames suggereixen que
determinades soques endémiques poden ser les responsables d’algunes infeccions.
La comparacié entre els aillats dels hemocultius i els del personal sanitari demostra
en molts casos un elevat grau de similitud que només pot interpretar-se com una

contaminacio creuada.

9. El nostre estudi suggereix que la contaminacio creuada té lloc entre els malalts i
el personal sanitari, entre el personal sanitari d’una mateixa UCI i fins i tot, entre el

personal sanitari de diferents UCIs del mateix hospital.
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10. La seqiiéncia temporal d’ajllament suporta la conclusié que el personal sanitari
es contamina amb els aillats dels malalts infectats o colonitzats, perd en una
minoria de casos la transmissié sembla que es produeix del personal sanitari al

pacient.

11. La utilitzaci6 de la sonda Ca3 com a métode genotipic de tipificacié i posterior
analisi de les imatges amb un programa informatic és d’enorme utilitat per analitzar
problemes epidemioldgics complexos com és lorigen de les infeccions

nosocomials.
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Introduccio

Taula 1. Principals grups taxonomics i géneres.

Classificacié Taxonomica

Géneres representatius

Filum: Zygomycota
Classe: Zygomycetes
Ordre: Mucorales

Ordre: Entomophthorales

Mucor, Absidia, Rhizomucor,
Rhizopus,
Basidiobulus, Conidiobolus

Filum: Ascomycota
Classe: Hemiascomycetes

Classe: Euascomycetes
Otdre: Onygenales

Ordre: Onygenaceae

Ordre: Eurotiales
Ordre: Microascales

Ordre: Hypocreales

Ordre: Pleosporales

Ordre: Chatothyriales

Classe: Archiascomycetes
Ordre: Pneumocystidales

Ordre: Saccharomycetales

Sacharomyces, Pichia (teleomorf*
d’algunes Candida spp),
Geotricum

Arthroderma (teleomorfos de
Trichophyton 1 Microsporum spp)
Ajellomyces (teleomorfos de
Histoplasma 1 Blastomyces spp),
Paracoccidioides, Coccidioides,
Teleomorfos d” Aspergillus i
Penicillium.

Pseudallescheria boydii (teleomorf
de S. apiospermium).

Nectria, Gibberella (teleomorf de
molts Fusarium spp)
Neocomospora (teleomorf de
Acremonium)

Alternaria, Exserohilum, Bipolaris

Phialophora, Exophiala

Pneumocystis carinii

Filum: Basidiomycota
Classe: Urediniomycetes
Ordre: Sporodiales

Classe: Hymenomycetes
Ordre: Tremellales

Rhodosporidium (teleomorf de
Rhodotorula)

Filobasidiella (teleomorf de C.
neoformans), Trichosporum

*Teleomorf: forma sexual
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Tot i ser organismes eucariotes, 1’estructura 1 organitzacié dels fongs és tnica.
En el citoplasma podem trobar els nuclis, mitocondries, ribosomes, reticul
endoplasmatic i vacuoles que emmagatzemen diversos compostos i metabolits. A
destacar és el fet que el nucli dels fongs sol ser petit (2-3 pm de diametre), esta
embolcat per una membrana nuclear doble amb porus i conté un nucledl amb gran
quantitat ’ ARN. Els fongs poden ser haploides (la majoria), diploides (alguns llevats
com C. albicans) o alternar les dues fases. La membrana plasmatica i la paret cel.lular
dels fongs sén dos components estructurals que mereixen especial consideracid, si
més no, perque es tracta d’estructures que ofereixen diferents possibilitats tedriques
d’intervencid farmacoldgica. A aquests dos components caldria sumar-hi, des d’un

punt de vista terapeutic, una tercera via d’actuacid: la inhibicié de la sintesi proteica.

Membrana plasmatica. La membrana plasmatica fungica és similar a la
d’altres céel.lules eucariotes, totes estan formades per una bicapa de fosfolipids
juntament amb proteines i esterols. Hi ha pero una diferéncia important. El principal
esterol de la membrana flingica és I’ergosterol, en canvi, en les c&l.lules humanes és
el colesterol. Aquesta diferéncia és important a la practica, ja que com després es
comentara, la majoria dels antifiingics actuals actiien sobre I’ergosterol. El principal
paper de la membrana plasmatica radica en la regulacié que exerceix sobre ’entrada i
sortida de diversos sustractres, nutrients o productes finals del metabolisme. La
membrana té en la seva part externa diverses proteines (proteines integrals de
membrana) que, com veurem posteriorment, intervenen en la sintesi de components
de la paret cel.lular. Un tercer aspecte de la funcié de la membrana plasmatica és la

d’actuar transmetent les senyals rebudes de I’ambient exterior cap a interior de la

cel.lula (transduccio).

Paret cel.lular. Els fongs tenen una paret cel.lular que els determina la seva

forma. La pérdua d’aquesta estructura, per tractaments enzimatics, condueix a la




