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Resumen

Deteccion de resistencia a azoles en Aspergillus fumigatus sensu lato:

simplificacion metodoldgica para la adecuacion al laboratorio de Microbiologia Clinica.

La resistencia a azoles en Aspergillus fumigatus ha ido cobrando gran relevancia por
el aumento de su incidencia de forma global. La deteccidon rapida de cepas de A.
fumigatus resistentes a azoles es una necesidad para mejorar el manejo del paciente
afectado y su prondstico, ya que la mortalidad es significativamente superior a la de los

pacientes infectados por cepas sensibles.

Esta tesis ha pretendido convertir las pruebas para el estudio de la sensibilidad a los
antifungicos en A. fumigatus en métodos simplificados y disponibles en los hospitales
mediante estudios estructurados en los siguientes tres capitulos: Capitulo |,
Comparacion de las lecturas visuales y espectrofotométricas de las CMIs de azoles y
anfotericina B frente a cepas de A. fumigatus; Capitulo Il, Evaluacion y simplificacion del
método de placas de agar con azoles (EUCAST E.Def 10.2) para la deteccion de cepas de
A. fumigatus resistentes a azoles; Capitulo lll, Evaluacion de las tiras de difusion en

gradiente para la deteccidén de cepas de A. fumigatus resistentes a azoles.

Con el procedimiento estandar de microdilucion de EUCAST se ha recomendado
exclusivamente la lectura visual de las CMIs de azoles y anfotericina B frente a especies
de Aspergillus. Sin embargo, ésta es subjetiva y puede conllevar variabilidad inter-
observador, haciendo necesaria la implementacién de un método mas eficaz para la
determinacién de la CMI. En el Capitulo |, se compararon las lecturas
espectrofotométricas y visuales de las CMIs de azoles y anfotericina B frente a A.
fumigatus sensu lato, observandose que ambas formas de obtener la CMI mostraban
altos acuerdos esenciales y categdricos, utilizando el parametro de inhibicidon del
crecimiento fungico tanto del 90% como del 95%. Por lo tanto, la lectura
espectrofotométrica podria ser una buena alternativa a la determinacién visual de la
CMI. Tras la publicacién de estos resultados, y otros similares procedentes de otros
laboratorios, se incorporé al actual procedimiento EUCAST E. Def 9.4 la posibilidad de
obtener las CMIs de anfotericina B y azoles frente a A. fumigatus mediante lectura

espectrofotométrica.



Resumen

Las placas de agar con azoles permiten estudiar la sensibilidad antifungica en A.
fumigatus. Existen placas de agar con azoles comercializados sélo en unos pocos paises,
por lo que, con frecuencia, es necesario prepararlas de forma casera. Ademas, el
procedimiento estandarizado para la realizacién de esta prueba requiere filtrar y ajustar
las suspensiones de conidias antes de inocularlas, lo que conlleva tiempo y aumento en
la carga de trabajo del laboratorio. En el Capitulo Il se evalud el rendimiento de este
método y si, por un lado, el tipo de plastico utilizado para preparar placas de agar con
azoles, y por otro, omitir los pasos de filtracién y ajuste del indculo, influian
negativamente en el procedimiento. Se confirmé el buen rendimiento de las placas que
contienen azoles para detectar la presencia de resistencia en A. fumigatus sensu stricto
y que permitian inferir incluso la presencia de las mutaciones mas frecuentes que
confieren resistencia. Sin embargo, su rendimiento fue pobre frente a especies cripticas
del complejo. Se concluyd que omitir tanto la filtracién de la suspensién conidial como
el posterior ajuste del indculo, asi como la composicidn de las placas utilizadas, no

influian negativamente en el rendimiento del método.

Las tiras de difusién en gradiente son un método comunmente utilizado en los
hospitales, pero esta limitado por la ausencia de puntos de corte bien establecidos para
obtener una correcta interpretacién de los valores de CMils. En el Capitulo Il se evalud
el rendimiento de las tiras de difusion en gradiente para detectar resistencia a azoles y
se propusieron puntos de corte para clasificar a las cepas como resistentes; ademas, se
evaluo si omitir los pasos de filtracidn y ajuste del inéculo influia negativamente en el
rendimiento. Se concluyd que este es un método util de cribado de resistencia a azoles
en cepas de A. fumigatus sensu stricto cuando las CMIs obtenidas son: itraconazol >1
mg/L, voriconazol >0,5 mg/L, y posaconazol >0,25 mg/L. Sin embargo, el rendimiento
frente a especies cripticas fue deficiente. La omisidn de la filtracién y el ajuste de las

suspensiones conidiales no influyeron negativamente en el rendimiento del método.

En resumen, esta tesis ha permitido simplificar y hacer mas accesible la metodologia
disponible para la deteccién de resistencia a azoles en A. fumigatus sensu stricto
(microdilucion en caldo, placas de agar con azoles, y las tiras de difusion en gradiente)

para adecuarla a la actividad del laboratorio de Microbiologia Clinica. Sin embargo, estos



Resumen

procedimientos no resultaron adecuados en el caso de las especies cripticas. La lectura
espectrofotométrica de las CMIs obtenidas por microdilucion aporta objetividad,
automatizacion y rapidez. El rendimiento de las placas de agar con azoles no se ve
afectado por el tipo de plastico utilizado. Ni el método de las placas de agar con azoles
ni el de las tiras de difusion en gradiente, se ven afectados por la omisién de la filtracién
y el ajuste de las suspensiones conidiales. Por Ultimo, se han establecido puntos de corte
para interpretar las CMls de los azoles con el uso de tiras de difusidén en gradiente y

permitir una correcta clasificacion de las cepas.
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Summary

Detection of azole resistance in Aspergillus fumigatus sensu lato: methodological

simplification for Clinical Microbiology Laboratories

Azole resistance in Aspergillus fumigatus has gained traction due to the global
increasing incidence. Quick detection of azole-resistant A. fumigatus strains is key to
improving patient management and prognosis, given that mortality is significantly higher
in patients infected by resistant strains compared to those infected by susceptible

strains.

This thesis aims to address key questions regarding current antifungal susceptibility
tests for A. fumigatus, and structured across three chapters: Chapter I, Comparison of
visual and spectrophotometric readings of azole and amphotericin B MICs against A.
fumigatus strains; Chapter Il, Evaluation and simplification of the azole agar plate
method (EUCAST E.Def 10.2) for detecting azole-resistant A. fumigatus strains; and
Chapter lll, Evaluation of gradient diffusion strips for detecting azole-resistant A.

fumigatus strains.

The EUCAST microdilution standard procedure recommended only visual inspection
for assessing azole and amphotericin B MICs against Aspergillus species. However, this
reading might be subjective and lead to inter-observer variability, thus making it
necessary to implement a more efficient method for MIC assessment. In Chapter |, we
compared spectrophotometric and visual readings of azole and amphotericin B MICs
against A. fumigatus sensu lato. Both methods demonstrated high essential and
categorical agreement values by using 90% and 95% fungal growth inhibition endpoints,
what proved that spectrophotometric reading is a reliable alternative to visual MIC
assessment. In line with similar data reported from laboratories elsewhere,
spectrophotometric reading was then incorporated into the current EUCAST E.Def 9.4

procedure for interpreting MICs of amphotericin B and azoles against A. fumigatus.

Azole agar plates pose another method for antifungal susceptibility testing in A.
fumigatus. Azole agar plates are commercially available, but not everywhere, what
makes in-house plates preparation a necessity. Moreover, the standard procedure
requires filtration of the conidial suspension and adjustment prior to inoculum

preparation, which is time-consuming and increases the laboratory workload. In Chapter
6
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ll, we assessed the impact of the type of plastic used in azole agar plates and the
omission of filtration and inoculum adjustment steps on the performance of the
procedure. Azole-containing plates demonstrated good performance in detecting azole
resistance in A. fumigatus sensu stricto, results were less accurate against cryptic species
though. The type of plastic used did not impact sensitivity or specificity values. Finally,
omitting conidial suspension filtration and inoculum adjustment steps did not impact

negatively the performance of the method.

Gradient diffusion plastic strips, a widely used method in hospitals, are limited by
the lack of established cut-off values and ambiguous MIC interpretation. In Chapter lll,
we assessed the efficacy of gradient diffusion plastic strips in detecting azole resistance,
proposed cut-off values for resistance classification, and assessed the impact of omitting
filtration and inoculum adjustment steps on performance. Results suggested that the
method is useful to screen for azole resistance in A. fumigatus sensu stricto if MIC values
are higher than >1 mg/L (itraconazole), >0.5 mg/L (voriconazole), and >0.25 mg/L
(posaconazole). However, performance was poor against cryptic species. Omitting
filtration and conidial suspension adjustments did not negatively impact method

accuracy.

In summary, this thesis proved that broth microdilution, azole agar plates, and
gradient diffusion plastic strips proved useful in detecting azole resistance in A.
fumigatus sensu stricto, with potential for simplification to meet the needs of Clinical
Microbiology laboratories. However, the methods were less useful in cryptic species.
Spectrophotometric reading in microdilution procedures improves objectivity,
automation, and turnaround. The performance of azole agar plates was unaffected by
the type of plastic used, and omitting filtration and inoculum adjustments did not impact

the accuracy of azole agar plate or gradient diffusion plastic strip either.
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1.1. Género Aspergillus y Aspergillus fumigatus

El género Aspergillus, de la familia Aspergillaceae, orden Eurotiales, incluye mas de
400 especies agrupadas en seis subgéneros (Circumdati, Nidulantes, Fumigati,

Aspergillus, Cremei y Polypaecilum), divididos a su vez en secciones (Figura 1)

|
| | |

Aspergillus

Polypaecilum

Candidi Nidulantes Fumigati Restricti Cremei
Petersoniorum Aenei Clavati Aspergillus
Nigri Usti Vargarum
Terrei Cavernicolarum Cervini
SECCION Flavipedes Raperorum
Janorum Silvatici
Circumdati Bispori
Tannerorum Ochraceorosei
Robusti Sparsi
Flavi

Figura 1. Filograma del género Aspergillus.

Sin embargo, tan solo unas 30 especies han demostrado ser capaces de causar
infeccién en humanos, entre las que destacan Aspergillus fumigatus, A. flavus, A. terreus,

A. nigery A. nidulans (Tabla 1)

Dentro del subgénero y seccidn Fumigati, se encuentran A. fumigatus sensu stricto,
la especie dominante, y las denominadas especies cripticas, que representan el 10 - 15%
de las cepas dentro de la seccidn. Las especies cripticas son dificiles de diferenciar de A.
fumigatus sensu stricto por métodos morfoldgicos, entre ellas las mas frecuentes son A.
lentulus, A. novofumigatus, A. fumigatiaffinis, A. thermomutatus, A. udagawae, A.

viridinutans, A. felis, A. fischeri y A. hiratsukae
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Tabla 1. Principales especies relacionadas con infeccion en humanos.

Seccidn
Fumigati Flavi Terrei Nigri Nidulantes
A. fumigatus A. flavus A. terreus A. niger A. nidulans
A. lentulus A. alliaceus A. alabamensis  A. tubingensis  A. tetrazonus
A. novofumigatus A. tamarii A. carneus A. awamori
A. fumigatiaffinis A. acidus

A. thermomutatus

A. udagawae

A. viridinutans

1.2. Epidemiologia y formas clinicas de la infeccion causada por A.

fumigatus

El género Aspergillus se encuentra distribuido de forma ubicua en la naturaleza,

predominando su crecimiento sobre materia organica en descomposicion

Las especies del género Aspergillus poseen en sus hifas unas estructuras
especializadas denominadas conidioforos, donde se producen las conidias que permiten
la reproduccién asexual del hongo. Estas conidias, de alrededor de 2,5 um de tamano,
son liberadas al exterior con el fin de ser dispersadas y asegurar la supervivencia en el
ambiente. Los humanos inhalamos de forma indirecta entre 100-1000 conidias al dia
gue, gracias a su reducido tamano, son capaces de penetrar hasta los alveolos
pulmonares. En las vias aéreas estas conidias son eliminadas del organismo por las
primeras barreras de defensa que comprenden la inmunidad innata, principalmente por
los macrofagos alveolares, y los neutréfilos, encargados de destruir las hifas que lleguen
a producirse a partir de la germinacion de las conidias. Estos sistemas de aclaramiento

innatos son extraordinariamente eficaces, de manera que los individuos con un sistema
10
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inmunitario integro no se ven afectados por el hongo. En aquellos casos en los que el
sistema inmune esté comprometido, las conidias pueden filamentar dentro de los

pulmones causando infecciones invasivas

Aspergillus fumigatus
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Figura 2. Ciclo de infeccion y estados morfoldgicos por los que pasa A. fumigatus tras ser inhalado por
un individuo inmunodeprimido. Adaptacidn de la figura de Thompson y Young, 2021.

Las enfermedades causadas por especies del género Aspergillus se denominan de
manera general como aspergilosis. A. fumigatus es la especie de mayor relevancia

clinica, ya que es el principal agente causal de aspergilosis

Algunas caracteristicas peculiares de A. fumigatus favorecen que sea la especie mas
patdgena del grupo: produce conidias de menor tamafio (2-3 um) que otras especies de
Aspergillus, ademas estas son pigmentadas y muy hidrofdbicas, lo que favorece su
dispersion y las protege de agentes externos (como la luz, los agentes ionizantes y la lisis
enzimatica); su tasa de crecimiento es muy elevada (2-6 dias), lo que le permite colonizar
multiples nichos de forma rdpida, y es capaz de soportar un amplio rango de
temperatura creciendo muy bien a 37°C; secreta muchos metabolitos secundarios que
tienen un papel muy importante en la patogenicidad tales como enzimas (proteasas,
elastasas, catalasas y fosfolipasas) o micotoxinas (gliotoxina, fumagilina, acido helvolico,
fumitremorgina A y Asp-hemolisina); en respuesta a la baja biodisponibilidad de
nutrientes en el medio, por ejemplo, en el huésped, es capaz de adaptarse y obtener
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todos los nutrientes que necesita para reproducirse en el lugar de la infeccion; tiene
capacidad de formar biopeliculas, lo que le confiriere proteccion frente a agentes fisicos
y quimicos, y le confiere mayor resistencia a los antifungicos

. Dada su ubicuidad, su capacidad de producir enfermedades invasivas y los niveles
crecientes de resistencia a los azoles, la Organizacion Mundial de la Salud incluyé a A.

fumigatus dentro de la lista de patdgenos fungicos prioritarios (WHO FPPL) en 2022.

Los cuadros clinicos que se manifiestan como consecuencia de las infecciones
producidas por A. fumigatus varian en gravedad y van desde la aspergilosis
broncopulmonar alérgica (ABPA) hasta la aspergilosis invasiva, que es el cuadro de mayor
gravedad, sobre todo cuando se afecta el sistema nervioso central, el aspergiloma, y la

aspergilosis pulmonar crénica (APC)

La ABPA es la forma mas leve de aspergilosis y cursa como una reaccién inflamatoria
exagerada producida de forma secundaria a una hipersensibilizacion del pulmén tras la
exposicidn a A. fumigatus. Se diagnostica fundamentalmente en pacientes con asma o
fibrosis quistica. El aspergiloma es una colonizacion por parte del hongo de cavidades
del parénquima pulmonar preexistentes y lo compone un conjunto de hifas de A.
fumigatus, células inflamatorias, fibrina, moco y epitelio muerto. La APC se desarrolla en
pacientes con patologias pulmonares crénicas, como el enfisema o la enfermedad
pulmonar obstructiva crénica , Y cursa como una invasion lenta y
prolongada en el tiempo del parénquima pulmonar. Se diferencia del aspergiloma por la
aparicién de nddulos pulmonares persistentes y el engrosamiento de la pleura

La aspergilosis invasiva es la forma mas grave de la
aspergilosis y el cuadro con peor prondstico. La gravedad se correlaciona inversamente
con el estado inmunoldgico del huésped vy los factores de riesgo incluyen: neutropenia
profunda y/o prolongada; defectos en la inmunidad mediada por células; y la recepciéon

de terapia inmunosupresora.

Las tasas mas elevadas de incidencia de la aspergilosis invasiva se dan en la
poblacién de enfermos con enfermedad granulomatosa cronica debido al deterioro
funcional de la NADPH oxidasa, necesaria para la eliminacion de las conidias del hongo

tras su fagocitosis por los macréfagos . Estos pacientes presentan
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predominantemente formas invasoras pulmonares, osteomielitis, e infecciones
cerebrales focales. Las neoplasias hematoldgicas y su tratamiento intensivo, incluido el
trasplante, también constituyen una poblacién muy vulnerable. En particular, la
leucemia mieloide aguda y su neutropenia prolongada durante la quimioterapia de
induccion y el trasplante alogénico de células madre hematopoyéticas, especialmente
con la enfermedad injerto contra receptor . En los pacientes
sometidos a trasplante de drgano sdlido las incidencias varian en funcion del drgano
trasplantado, y los pacientes en unidades de cuidados intensivos también son una

poblacién actualmente en riesgo.

La enfermedad invasiva también se ha relacionado con infecciones virales
respiratorias, incluyendo la gripe (IAPA), el virus respiratorio sincitial y, mas
recientemente, el SARS-CoV-2 (CAPA), entre otros. Se cree que la aspergilosis invasiva
tras estas infecciones virales respiratorias es secundaria a la lesion epitelial de las vias

respiratorias, lo que permitiria la invasion por Aspergillus

Las formas invasivas de aspergilosis presentan alta morbilidad y mortalidad
relacionadas con la dificultad para diagnosticarlas y, en consecuencia, el retraso en el

inicio de una terapia antifungica adecuada.

1.3. Diagnostico de la aspergilosis invasiva

El diagnostico de la aspergilosis es complejo y es necesario un alto indice de
sospecha para realizarlo, ya que un paciente inmunocomprometido puede estar
relativamente asintomatico. El diagndstico temprano de la aspergilosis invasiva es un
desafio, y debe basarse en la integracién de criterios del huésped, datos

clinicos/radiolégicos y microbioldgicos.

Siguiendo las recomendaciones diagndsticas para la aspergilosis invasiva,
elaboradas por la Organizacion Europea para la Investigacién y Tratamiento del Cancery
el Grupo de Estudio de Micosis (EORTC/MSG), se diferencian caso posible, probable y

probado, siendo este ultimo el que reune los criterios diagndsticos mas estrictos
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La infeccion fungica invasiva (IFl) probada es independiente del estado inmunitario
de los pacientes y su enfermedad subyacente. Requiere de la demostracion de la
invasion de hifas objetivada en el examen microscépico de una biopsia de tejido o
muestra obtenida por aspiracién con aguja; alternativamente se puede aislar el hongo
en cultivo a partir de una muestra obtenida mediante un procedimiento estéril de una
zona normalmente estéril y clinica o radiolégicamente compatible con un proceso de

enfermedad infecciosa.

Por el contrario, las IFl probables y posibles requieren un factor de riesgo del
huésped para el desarrollo de la enfermedad (por ejemplo, neutropenia prolongada). La
aspergilosis invasiva probable requiere la presencia de al menos un factor de riesgo del
huésped, un hallazgo clinico/radioldgico coherente con la enfermedad, y evidencia
micoldgica. La aspergilosis invasiva posible, requiere la presencia de al menos un factor
de riesgo del huésped y un hallazgo clinico/radiolégico coherente con la enfermedad,

pero sin evidencia micolégica.

La tomografia computada de alta resolucion es la prueba de imagen por excelencia

. Los hallazgos radiolégicos clasicos en la

aspergilosis angioinvasiva suelen incluir macronddulos superiores a 1 cm, que pueden
estar rodeados de un halo de atenuacién en vidrio deslustrado. Este sigho, denominado
“signo del halo”, es la evidencia del dafio local y la respuesta inflamatoria desencadenada

por la invasion de Aspergillus.

Entre las evidencias micoldgicas se incluyen: visualizacién microscopica de hifas
septadas en muestras respiratorias, recuperacién de Aspergillus en cultivo de muestras
respiratorias; antigeno de galactomanano positivo en plasma, suero, lavado
broncoalveolar o liquido cefalorraquideo; y pruebas de reaccién en cadena de la
polimerasa (PCR) de Aspergillus en plasma, suero, sangre completa o lavado

broncoalveolar

Aunque el cultivo microbioldgico tiene importantes limitaciones, como su baja
sensibilidad y la dificultad de establecer su significancia clinica , la
recuperacion de colonias de Aspergillus proporciona una informacion valiosa porque

permite llevar a cabo la identificacién a nivel de especie y estudios de sensibilidad
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antifungica. Aspergillus spp. crece en medios de cultivo rutinarios, aunque el uso de
medios especificos para hongos, como agar Sabouraud, aumenta su recuperacién
. La recuperacion de Aspergillus spp. de muestras no estériles
debe interpretarse con precaucion porgue la colonizacidn asintomatica es comun incluso
en poblaciones de riesgo. La terapia previa, ya sea como profilaxis o tratamiento,
también puede disminuir el rendimiento de los cultivos . La
espectrometria de masas por ionizacién/desorcion laser asistida por matriz de tiempo
de vuelo (MALDI-TOF MS) ha demostrado ser util para la identificacion rapida de
diferentes especies de Aspergillus, lo cual resulta especialmente importante para
identificar algunas que muestran baja sensibilidad a los azoles, como por ejemplo para
la discriminacion entre A. fumigatus y las especies cripticas
. Para la identificacién correcta de las especies de Aspergillus, se

recomienda la secuenciacién del gen de la 8-tubulina y de |la calmodulina

La obtencidon de una muestra de tejido mediante una técnica invasiva puede ser
dificil o estar contraindicada en pacientes con trombocitopenia, trastornos de la
coagulacién o inestabilidad hemodindmica. Dentro de las pruebas diagndsticas no
invasivas se encuentran la deteccion de componentes de la pared celular fungica: (1,3)-
B-D glucano, cuya sensibilidad es variable y depende del estado inmunolégico del
huésped, el lugar de infeccion, la profilaxis o tratamiento antifungico previo, el tipo de
muestra y el laboratorio que realiza la prueba; y el galactomanano, el cual, en suero
aumenta con recuentos bajos de neutrdfilos, mientras que en el lavado broncoalveolar
es menos dependiente de factores del huésped. Un indice de galactomanano sérico mas
alto que el nivel basal, y que permanezca elevado en el tiempo, se ha asociado con mayor
mortalidad. La reactividad cruzada con otros hongos (por ejemplo, Fusarium o
Penicillium) esta descrita. Una comparacion directa entre la prueba de 1,3-B-d-glucano
y la prueba de galactomanano ha sugerido una mayor sensibilidad para la prueba de 1,3-

B-d-glucano y una mayor especificidad para el galactomanano
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Las PCR de Aspergillus, evaluadas principalmente en pacientes hematoldégicos,
pueden ser de utilidad en pacientes con una alta sospecha y cultivos negativos ya que se
pueden realizar sobre muestra directa de plasma, suero y lavado broncoalveolar, siendo
esta ultima la que da mejores resultados. La PCR comercial AsperGenius® es capaz de
detectar tanto género como algunas especies (A. fumigatus, A. flavus y A. terreus) y
Mycogenie® detecta A. fumigatus; ademas de ciertas mutaciones asociadas con la

resistencia a azoles, las cuales seran comentadas mas adelante

Los factores del huésped del consenso EORTC no son aplicables a pacientes no
inmunodeprimidos ya que para estas existen criterios especificos
. En los ultimos afios han surgido distintas

definiciones para poder estandarizar los criterios diagndsticos:

- La IFI de brecha, segin el Grupo de Estudio de Micosis Educacion e
Investigacién (MSG-ERC) y la Confederacion Europea de Micologia Médica
(ECMM), se define como cualquier IFl que ocurra durante la exposicion a un
antifungico, incluyendo hongos fuera del espectro de actividad de este. El
momento de la IFl de brecha se definié como el momento en el que aparecio
el primer signo o sintoma atribuible clinicamente, el primer hallazgo

micologico o el primer hallazgo radioldgico

- La aspergilosis pulmonar asociada a influenza (IAPA) probada, fue definida
por Verweij y colaboradores, como un paciente que requiere ingreso en UCI
por tener dificultad respiratoria con deteccidon positiva de virus Influenza
durante ese ingreso, mas evidencia histolégica de hifas septadas invasoras,
y evidencia micolégica de Aspergillus obtenida por PCR o cultivo a partir de

tejido

- Laaspergilosis pulmonar asociada a COVID-19 (CAPA) probada, segun la guia
de 2020 de la Confederacién Europea de Micologia Médica (ECMM) vy la
Sociedad Internacional de Micologia Humana y Animal (ISHAM), se define
como un paciente que requiere ingreso en UCI por dificultad respiratoria con

una prueba de RT-PCR positiva para SARS-CoV-2 temporalmente relacionada

16



Introduccion

con ese ingreso, mas la deteccidn histopatoldgica o microscépica directa de
elementos fungicos morfolégicamente compatibles con Aspergillus spp.,
mostrando invasidon en los tejidos con dafio tisular asociado, o con
Aspergillus aislado o detectado por microscopia, en estudios de histologia o
por PCR a partir de material obtenido por aspiracidn estéril o biopsia de un

sitio pulmonar

En resumen, el diagndstico de la aspergilosis invasiva es una tarea complicada
debido a multiples motivos: la sintomatologia es inespecifica, la toma de muestras
respiratorias o de tejido es complicada y puede estar contraindicada, los cultivos a
menudo tienen baja sensibilidad, los signos radiograficos clasicos generalmente estan
ausentes en poblaciones no inmunodeprimidas, puede haber dificultades para obtener
tomografias computarizadas en lugar de radiografias de térax, y la discriminacion entre

la colonizacién por Aspergillus y la infeccion es problematica

1.4. Tratamiento de la aspergilosis

Los azoles son la base del tratamiento y la prevencidn de las enfermedades causadas
por Aspergillus spp. y representan las Unicas opciones por via oral, junto con la
olorofima, aunque esta Ultima no esta aun aprobada para su uso. Por este motivo, las
tasas de mortalidad en pacientes infectados por A. fumigatus resistente a los azoles son

significativamente superiores a las de los sujetos infectados por cepas sensibles a estos

Los azoles son un grupo de antifungicos cuyo modo de accidn se basa en el bloqueo
de la sintesis del ergosterol mediante la inhibicién competitiva de la enzima 14 a-esterol

desmetilasa, que pertenece a la familia de proteinas citocromo P450 cyp51.

La anfotericina B es un polieno con un amplio espectro de accién, cuyo mecanismo
de accidn se basa en la union de la molécula a la membrana plasmatica de la célula
fungica, donde interacciona con el ergosterol, generando poros y dando lugar a la
muerte celular por choque osmético. Ademas, se piensa que puede haber otros

mecanismos de accidon que todavia no han sido clarificados . La
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anfotericina B liposomal (L-AmB) es la formulacién mas utilizada, la cual reduce su alta

nefrotoxicidad.

La olorofima, es un antifungico que pertenece a la nueva clase, las orotomidas, e
inhibe la enzima dihidroorotato deshidrogenasa, lo que evita la biosintesis de pirimidina.
La olorofima es un antifungico con potente actividad frente a especies de Aspergillus

incluyendo a las cepas de A. fumigatus resistente a azoles.

Segln las guias de la Sociedad Europea de Microbiologia Clinica y Enfermedades
Infecciosas (ESCMID), se recomienda el tratamiento con itraconazol para el manejo de
pacientes con APC y ABPA. El voriconazol y el isavuconazol estan indicados como
tratamiento de primera linea para la aspergilosis invasiva pulmonar. El voriconazol,
ademas, se recomienda como terapia primaria en pacientes con compromiso del sistema
nervioso central y en pacientes con formas pulmonares cronicas. El posaconazol se
recomienda como profilaxis antifungica durante la neutropenia prolongada en pacientes
de alto riesgo, o como terapia de rescate en pacientes intolerantes o no respondedores.
L-AmB se recomienda en situaciones en las que los azoles estén contraindicados, como

en el caso de infecciones causada por cepas resistentes, y como terapia de rescate

Cuando las tasas de resistencia a azoles superan el 10%, los regimenes de
tratamientos recomendados incluyen voriconazol/isavuconazol en combinacién con una
equinocandina o L-AmB, o monoterapia con L-AmB. Este régimen podria desescalarse

una vez que se haya comprobado la sensibilidad a los azoles

1.5. Susceptibilidad de A. fumigatus a los antifingicos

Las secciones Terrei, Flavi y Nidulantes presentan resistencia intrinseca a la
anfotericina B y la seccion Usti, presentan un perfil de multirresistencia a azoles y CMls

altas a anfotericina B. En estas secciones no hay diferencias significativas entre especies
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Sin embargo, dentro de la seccién Fumigati, el perfil de susceptibilidad no es
uniforme. A. fumigatus sensu stricto es habitualmente sensible a anfotericina B,
voriconazol, itraconazol, posaconazol e isavuconazol. Mientras que, dentro de las
especies cripticas, algunas muestran resistencia intrinseca a la anfotericina B y a los
azoles, como A. lentulus y A. fumigatiaffinis, otras suelen ser sensibles a anfotericina B
pero resistentes a los azoles, como A. viridutans y A. thermomutatus, y otras son

sensibles tanto a anfotericina B como a los azoles, como A. hiratsukae (Tabla 2)

Tabla 2. Resistencia antifiingica en especies cripticas de A. fumigatus. Rojo=resistente al farmaco.
Blanco=sensible al farmaco. Gris=elevada concentracion minima inhibitoria del farmaco.

ESPECIES ANFOTERICINA B ITRACONAZOL VORICONAZOL POSACONAZOL

A. lentulus

A. fumigatiaffinis

A. udagawae

A. viridutans

A. thermomutatus

A. hiratsukae

1.6. Rutas de desarrollo de la resistencia a azoles en A. fumigatus

Los triazoles no son mutagénicos, pero la variacion genética, incluidas las
mutaciones de resistencia a los triazoles, puede surgir a través de mutaciones
espontaneas, recombinacién mitdtica o recombinacion meidtica. Cuando una poblacion
de conidias de Aspergillus se expone a la presion de seleccion de triazoles, las cepas que
albergan una mutacion de resistencia prosperaran en comparacion con las cepas de tipo
salvaje y se volveran dominantes en la poblacion. Este proceso de seleccion de
resistencia puede ocurrir en un paciente que recibe un tratamiento prolongado con

triazoles o en el medio ambiente, donde los fungicidas azdlicos con actividad frente a A.
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fumigatus pueden ejercer presion de seleccidon

El desarrollo de resistencia a los azoles en un paciente ocurre en aquellos que
reciben un tratamiento o profilaxis prolongada, y en aquellos con condiciones
predisponentes como cavidades pulmonares preexistentes (aspergiloma) y fibrosis
quistica. La presencia de una cavidad permite que se dé esporulacidén asexual, y con una
exposicidn cronica a los azoles pueden ocurrir numerosas mutaciones espontaneas en
las conidias. Los pacientes con APC pueden estar infectados con numerosas cepas de A.
fumigatus genéticamente distintas, que incluyen tanto cepas de tipo salvaje como
aquellas que albergan diferentes mutaciones de resistencia. Esto no se observa en
pacientes con aspergilosis invasiva, donde forman exclusivamente hifas, no esporulan, y

no desarrollan variacion genética derivada de la esporulacion asexual

El desarrollo de resistencia a los azoles en el ambiente, ocurre presumiblemente
como consecuencia de la exposicion a fungicidas azélicos utilizados en agricultura que
tienen una estereoquimica similar a los azoles utilizados en clinica. En este caso, los

pacientes se infectan al inhalar conidias que ya albergan mecanismos de resistencia

1.7. Mecanismos de resistencia a azoles en A. fumigatus

Los mecanismos por los que se puede producir la resistencia a azoles en A.
fumigatus se pueden englobar en dos grandes grupos:

1) Mecanismos de resistencia dependientes del gen cyp51A.

2) Mecanismos de resistencia independientes del gen cyp51A.

1.7.1. Mecanismos de resistencia a azoles dependientes de cyp51A

En A. fumigatus, los mecanismos de resistencia a los triazoles estan principalmente
asociados con alteraciones en el gen cyp51A que codifica la lanosterol 14a-desmetilasa,
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una enzima responsable del paso final de la via de biosintesis del ergosterol. El ergosterol
es el esterol mayoritario de las membranas fungicas y es fundamental para su
permeabilidad y fluidez, siendo esencial para el crecimiento y supervivencia del hongo.
En A. fumigatus estan presente tanto la proteina Cyp51A como la Cyp51B, donde Cyp51B
se expresa de manera constitutiva y la expresién de Cyp51A es inducible. Las mutaciones
puntuales en la lanosterol 14oa-desmetilasa pueden provocar cambios en los
aminoacidos que resultan en modificaciones de los canales de acceso de los ligandos a
través de los cuales los azoles acceden al sitio activo de la enzima y se unen a la molécula
de hemo. Los puntos calientes para las sustituciones de aminoacidos incluyen G54,
G138, M220 y G448, que se corresponden con fenotipos especificos de resistencia a
azoles. Estas mutaciones de resistencia se encuentran cominmente en pacientes con

exposicion prolongada previa a la terapia con triazoles
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Figura 3. Sustituciones conocidas de aminoacidos en la proteina cyp51A; en rojo se muestran aquellas
que confieren resistencia. Figura de Dudakova et al, 2017.

Las sustituciones no sinénimas de la proteina Cyp51A de A. fumigatus, como L98H,
Y121F y T289A, suelen ir acompafiadas de repeticiones en tandem (TR) en el promotor
del gen cyp51A, que regulan al alza su expresién. La mas habitual es la duplicacién de 34
pares de bases en el promotor del gen junto a L98H (TR34-L98H), que esta relacionada
con resistencia a todos los azoles. Sin embargo, cuando TR34-L98H se acompanfa de las
sustituciones S297T y F495I se han observado CMIs mas bajas de voriconazol

. También es comun la duplicacion de 46 pares de bases en el promotor con

Y121F y T289A (TR46-Y121F-T289A), asociada a resistencia a voriconazol e isavuconazol
y CMis elevadas a itraconazol y posaconazol

. La sustituciéon Y121F ha sido descrita en solitario también con un perfil de

resistencia similar a cuando aparece en la combinacién anterior
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Figura 4. Gen cyp51A de A. fumigatus con las principales mutaciones asociadas a la resistencia a azoles.
Figura adaptada de Verweij, P. E. et al, 2009.

Otro mecanismo encontrado, aunque con menos frecuencia, consiste en una
duplicacién de 53 pares de bases en el promotor de la diana (TRs3), sin modificaciones
adicionales en el gen, y que se asocia con resistencia a todos los azoles

. Estas tres modificaciones se han descrito tanto en cepas clinicas como en
cepas ambientales en todo el mundo y se han relacionado con
el uso de fungicidas en agricultura , observandose en cepas
aisladas de pacientes que no habian estado en terapia antifungica anteriormente

. Se ha descrito también una repeticién de 120 pares de bases en
tandem en el promotor de cyp51A sin mutaciones adicionales en el gen, probablemente
relacionada con exposicion previa a la terapia con triazoles ya que nunca se ha

encontrado en el ambiente, y relacionada con resistencia a todos los azoles
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Figura 5. Paises en los que se han notificado cepas de A. fumigatus resistentes a azoles con sustituciones
TR34-L98H 0 TR46-Y121F-T289A. El 6valo naranja marca la regidon con mayor carga de resistencia. Figura
adaptada de Perlin et al, 2017.

Ademas de estas modificaciones en el gen cyp51A responsables de los mecanismos
de resistencia, también se han descrito otras mutaciones puntuales, aunque no se ha
establecido una relacién directa entre éstas y la resistencia a azoles. La combinacion de
tres (FA6Y-M172V-E427K) y cinco (F46Y-M172V-N248K-D255E-E427K) mutaciones
puntuales, respectivamente, se han asociado a perfiles de sensibilidad a azoles variables

. Sin embargo, las cepas de A. fumigatus
con estas combinaciones de polimorfismos se han descrito en pacientes bajo
tratamiento con voriconazol, lo que sugiere que podrian estar selecciondandose por la

exposicién continuada de este azol
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Tabla 3. Mutaciones en el gen cyp51A y las resistencias reportadas que conllevan.

G138

TR34-L98H N22 Q141

TR G54 M236 H147

Mutacion TR120- TR4e-Y121F- >3 P216 P394 v121 A284

cyp51A FA6Y- T289A 6432 F219 T440 5297

M172V- M220 G448 Y431

E427K Y491 G434

F495
Fenotipo

Voriconazol Itraconazol Itraconazol .
de Pan-azol ) Itraconazol Voriconazol Pan-azol
. . Posaconazol  Voriconazol Posaconazol

resistencia

Se han desarrollado PCR comerciales que son capaces de detectar directamente en
muestras clinicas la presencia de A. fumigatus, asi como las sustituciones mas
frecuentemente asociadas con la resistencia a azoles (AsperGenius®, Mycogenie®): TR3a-
L98H o TR46-Y121F-T289A (en el caso de AsperGenius®)

. El inconveniente de estos ensayos es que sélo pueden detectar un limitado

numero de modificaciones genéticas y tienen una baja sensibilidad

1.7.2. Mecanismos de resistencia a azoles independientes de cyp51A

A pesar de que la resistencia a azoles en A. fumigatus se atribuye principalmente a

las alteraciones en el gen cyp51A, se han propuesto otros mecanismos.

Entre estos se encuentran, por un lado, la sobreexpresion de las bombas de eflujo,
qgue disminuyen la concentracidn efectiva del azol. Estas bombas se clasifican en dos
clases principales: la superfamilia de los grandes facilitadores (MFS) y las proteinas de
casete de unién a ATP (ABC) . Por otro lado, la sobreexpresion de
los genes cyp51B y cyp51A. Esta ultima mediada por modificaciones
en genes transcripcionales, como la alteracidn de SrbA, una proteina de unién al

elemento regulador del esterol (SREBP), que se une a la regién promotora del gen
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cyp51A favoreciendo su transcripcion. Esto se ha asociado con un aumento en la
produccion de ergosterol y una disminucion en la tolerancia a los azoles. Asimismo, la
mutacién P88L en el factor de transcripcién HapE que inhibe su accidn represora sobre
el gen cyp51A, lo que también desencadena su sobreexpresidn, y como consecuencia,
una reduccioén de la sensibilidad a azoles . Ademas, mutaciones en
genes implicados en la sintesis del ergosterol, como hmgl, también se han relacionado
con la resistencia a azoles .Y, recientemente, se identificé el cofactor
negativo dos (Nct2), formado por los subfactores NctBA y B, como un regulador de la
resistencia a los triazoles al modular los niveles de expresiéon de los factores de

transcripcién asociados con la biosintesis del ergosterol

No obstante, a dia de hoy, la relacion de estos nuevos mecanismos propuestos con
la resistencia a azoles no es clara, especialmente sus implicaciones clinicas, ya que

también se han encontrado en cepas sensibles a los azoles.

Dado que los triazoles son el tratamiento de eleccion para la aspergilosis
, la resistencia en A. fumigatus plantea un problema
. Los pacientes infectados con cepas de A. fumigatus
resistentes a los azoles presentan mayor mortalidad que aquellos infectados con cepas
sensibles lo que hace

que la deteccidn de resistencia sea importante para mejorar el manejo de los pacientes.

1.8. Distribucion global de la resistencia a azoles

La resistencia a los azoles en las cepas clinicas de A. fumigatus sensu stricto se ha

detectado de manera creciente en todo el mundo durante los ultimos 20 afios.

El primer estudio sistematico a gran escala fue el estudio SCARE, realizado por van
der Linden y colaboradores entre 2009 y 2011. En este estudio se determinaron las tasas
de resistencia a azoles en centros de 22 paises, incluyendo 19 paises europeos, EEUU,
Brasil y Australia, con una prevalencia global del 3,2% y con un predominio de la

sustitucion TR34-L98H. Sin embargo, hubo grandes diferencias entre regiones,
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notificandose en algunos centros tasas de resistencia de hasta el 26,1%

La resistencia a azoles ha sido reportada de forma relativamente comun en el norte
de Europa en las Ultimas décadas. En los Paises Bajos se ha notificado un aumento de la
prevalencia del 1,7-6% entre 1997 y 2007 al 8-15% entre 2013 y 2018

. En Reino Unido, un estudio realizado por el Centro de

Referencia de Micologia de Manchester, entre 2008 y 2009, reportd una tasa de

resistencia del 28% . En Dinamarca, segun un programa nacional de
vigilancia realizado entre 2018 y 2020 se reportaron tasas de resistencia del 6,1%

y en Bélgica, un estudio multicéntrico retrospectivo realizado entre 2011y

2012 en 18 hospitales, mostro una prevalencia del 5,5%

En Estados Unidos, un programa de vigilancia entre realizado entre los afios 2015y
2017 mostrd una prevalencia de resistencia a azoles en A. fumigatus del 1,4%, siendo un
tercio de ella asociada a la presencia de cepas con las sustituciones TR34-L98H

. En América Latina los datos son escasos, en Perd, un estudio prospectivo
realizado en cepas de pacientes con aspergilosis pulmonar crdnica mostré una
prevalencia de resistencia del 2%, y en Brasil, un estudio retrospectivo de cuatro afos

notificd una prevalencia de resistencia del 1%

En Africa los datos también son limitados, algunos estudios sugieren una

prevalencia de resistencia a azoles del 1,3% en muestras clinicas

La prevalencia de resistencia en estudios realizados en Asia oscila entre un 3% vy un

8% (4% en China, 8% en Taiwdan, 3% en Japon)

En Australia, en un estudio con un bajo nimero de cepas, el 2% de los A. fumigatus

fueron resistentes a los azoles
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Figura 6. Distribucion mundial de la resistencia a los azoles en cepas clinicas y ambientales de A.
fumigatus. Figura adaptada de Bosetti y Neofytos, 2023.

En Espafia se han realizado varios estudios con el fin de vigilar la resistencia a azoles
en A. fumigatus. En los estudios realizados en 2010-2011 y 2016, denominados FILPOP,
realizados con cepas procedentes de 29 y 10 hospitales, respectivamente, se encontré
un 0,6% de resistencia a azoles en A. fumigatus sensu stricto en el primer periodo y un
1,2% en el segundo periodo. En este segundo estudio, dos cepas tenian las sustituciones

TR34-L98H vy procedian de pacientes de Sevilla y Donostia

En 2019 se llevd a cabo otro estudio, denominado ASPEIN, en el que se recogieron
un numero mayor de cepas de A. fumigatus (n=847) procedentes de 29 hospitales
espafioles, revelando una tasa de resistencia inesperadamente alta en A. fumigatus
sensu stricto (5,5%). Las sustituciones TR34-L98H fueron las predominantes y las cepas
resistentes procedian principalmente de las zonas septentrional y mediterranea de la

Espana peninsular
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Tabla 4. Estudios multicéntricos sobre la prevalencia de la resistencia a azoles en A. fumigatus en cepas
clinicas. Subrayadas las sustituciones predominantes.

Mutaciones en cyp51A

Autor, afio Periodo de Resistencia
Pais relacionadas con la
publicacién estudio a azoles
resistencia
Snelders et al., 1994-2007 Paises Bajos 1.7%-6% TR34-L98H, M220
2008
19 paises europeos,
van der Linden et TR34-L98H, TR4e-Y121F-T289A,
2009-2011 EEUU, Australia, 3,2%
al., 2015 G54, M220
Brasil
Vermeulen et al.,
2011-2012 Bélgica 5,5% TR34-L98H, TR4s-Y121F-T289A
2015
TR34-L98H+S297T-F495I, P216L,
Berkow et al.,
2015-2017 EEUU 1,4% F46Y-M172V-N248T-D255E-
2018
E427K
Lestrade et al., TR34-L98H+S297T-F495I, TRa4s-
2013-2018 Paises Bajos 8%-15%
2020 Y121F-T289A
TR34-L98H, G54, P216S, F219L,
Risum et al., 2022 2018-2020 Dinamarca 6,1%
M220, G432S, G448Sy Y121F
Alastruey-
Izquierdo et al., 2010-2011 Espafia 0,6% No encontradas
2013
Alastruey-
Izquierdo et al., 2016 Espafia 1,2% TR34-L98H
2018
TR34-L98H, G54, TRas-Y121F-
Escribano et al.,
2019 Espafia 5,5% T289A, FA6Y-M172V-N248T-

2021

D255E+E416Q-E427K
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En pacientes hematolégicos se han llevado a cabo algunos estudios sobre Ia
prevalencia de las infecciones por A. fumigatus resistentes a azoles. En Alemania, un
estudio realizado en dos centros entre 2012 y 2013 en pacientes hematoldgicos con
aspergilosis invasiva por A. fumigatus, reporté tasas alarmantemente altas del 29.6%,
asociada principalmente a la presencia de cepas con sustituciones TR34-L98H y TRas6-
Y121F-T289A . Sin embargo, en Francia, en un estudio realizado
entre 2006 y 2009 en pacientes hematoldgicos con aspergilosis invasiva, la prevalencia
de la resistencia a azoles fue del 0,85%, debido a la presencia de una cepa con la
sustitucion TR34-L98H . Y del mismo modo, en ltalia, un estudio
multicéntrico realizado en 18 centros, entre 2014 y 2016, reportd una tasa del 0,8%,

debido a la presencia de una cepa con la sustitucion G432S

1.9. Métodos de estudio de la sensibilidad antifungica en A. fumigatus

Las pruebas de sensibilidad antifingica se realizan especialmente cuando las cepas
aisladas representan infecciones invasivas, recurrentes, o no respondedoras a la terapia
y se sospecha la existencia de resistencia adquirida, o cuando la sensibilidad no puede
predecirse solo con la identificacion a nivel de especie. También son importantes en la
vigilancia de la resistencia y estudios epidemiolégicos. Las pautas de la ESCMID de 2018
respaldan la identificacion a nivel de seccién para todas las cepas clinicamente
significativas de Aspergillus y las pruebas de sensibilidad antifungica de las cepas tanto

para el manejo clinico de los pacientes como con fines epidemiolégicos

Un aspecto importante, y que aplica a todos los métodos de estudio de la
sensibilidad, es que los cultivos pueden albergar varios fenotipos de resistencia y se

deben analizar multiples colonias para detectarla.

A continuacion, se citan algunos conceptos importantes relacionados con la

interpretacién de la sensibilidad a los antimicrobianos:

e CMI - Concentracion Minima Inhibitoria: concentracion mas baja, expresada en

mg/L, de un agente que inhibe el crecimiento de un microorganismo.
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WT - Wild type: poblacidn de microorganismos que no tiene mecanismos de

resistencia adquiridos para un agente antimicrobiano concreto.

NWT - Non-wild type: poblaciéon de microorganismos que tiene mecanismos de

resistencia adquiridos para un agente antimicrobiano concreto.

ECOFF - epidemiological cut-off value: es la CMI que separa la poblacién WT de la
NWT.

S - Sensible, régimen de dosificacion estandar: un microorganismo se categoriza
como "Sensible, régimen de dosificacién estandar" cuando hay una alta probabilidad

de éxito terapéutico utilizando un régimen de dosificacion estandar del agente.

I - Sensible, exposicion aumentada: un microorganismo se categoriza como
"Sensible, exposicion aumentada” cuando hay una alta probabilidad de éxito
terapéutico cuando la exposicion al agente se incrementa o bien ajustando el
régimen de dosificacion o por su elevada concentracidn fisiolégica en el lugar de
infeccidn. La exposicion se refiere a el modo de administracion, la dosis, el intervalo
de dosificacion, el tiempo de infusidn, la distribucién y la excrecién en la que agente

antimicrobiano influiran en el microorganismo infectante en el sitio de la infeccion.

R - Resistente: un microorganismo se categoriza como "Resistente" cuando hay una
alta probabilidad de fracaso terapéutico incluso cuando hay una exposicion

aumentada.

ATU - Area de Incertidumbre Técnica: es un concepto para advertir a los laboratorios
de que el valor de CMI se encuentra en un area donde hay dificultades de
interpretacién. No es una categoria como S, | y R. Se asume que la prueba de
sensibilidad se ha realizado correctamente y que el valor obtenido es correcto en si
mismo, pero requiere de pruebas adicionales para la interpretacién de la CMI. En el
caso de A. fumigatus, la interpretacion de las CMI en ATU se realiza de la siguiente
manera: posaconazol (se considera resistente si la cepa también es resistente a
itraconazol), isavuconazol (se considera resistente si la cepa también es resistente a

voriconazol).
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Figura 7. Representacion de los conceptos de ECOFF, WT y NWT en la distribucién de CMIs mediante
microdilucién en caldo de isavuconazol frente a A. fumigatus (https://www.mic.eucast.org).

1.9.1. Microdilucion en caldo: procedimiento EUCAST E. Def 9.4.

Los métodos de microdilucién en caldo se utilizan para establecer las CMIs de los
agentes antimicrobianos. Con estos métodos se mide la actividad in vitro de un farmaco
frente a un organismo en cultivo liquido que contiene concentraciones seriadas de

farmaco.

Hay dos métodos estandarizados de microdilucion en caldo para hongos
filamentosos: el método descrito por el Comité Europeo de Pruebas de Sensibilidad a los
Antimicrobianos (EUCAST) y el del Instituto de Normas Clinicas y de Laboratorio (CLSI).

En Europa el mas utilizado actualmente es el método de EUCAST.

El método estandarizado de EUCAST para el estudio de la sensibilidad a antifungicos
en hongos filamentosos es el E.Def. 9.4 cuya versién actualizada fue publicada en marzo
de 2022 . Este método describe la metodologia especifica para estos
estudios en Aspergillus spp. y, en el caso de A. fumigatus, los puntos de corte han sido

descritos y estandarizados frente a los principales antifungicos de uso clinico. Estos
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puntos de corte clinicos (v10) pueden ser consultados en el siguiente enlace:

https://www.eucast.org/astoffungi/clinicalbreakpointsforantifungals) (Tabla 5).

Tabla 5. Puntos de corte clinicos de anfotericina B y azoles frente a A. fumigatus [EUCAST (v10)].

PUNTOS DE CORTE (mg/L)

ANTIFUNGICO
S< R2 ATU
Anfotericina B 1 2 No aplica
Itraconazol 1 2 2
Voriconazol 1 2 2
Posaconazol 0,125 0,5 0,25
Isavuconazol 1 4 2

Desafortunadamente, los procedimientos de microdilucion son lentos,
técnicamente exigentes, y requieren personal bien entrenado, lo que puede dificultar
gue estas pruebas de sensibilidad antifungica estén ampliamente disponibles en los

laboratorios de Microbiologia Clinica.

1.9.2. Placas de agar con azoles: procedimiento EUCAST E.Def 10

Como alternativa a la microdilucién en caldo, se pueden utilizar placas de agar que
contienen azoles para cribar y detectar de forma rutinaria la resistencia en A. fumigatus
en los laboratorios de Microbiologia Clinica. El procedimiento se basa en la capacidad de
las cepas resistentes a los azoles para crecer en placas con pocillos de agar que contienen

estos farmacos (itraconazol, voriconazol y posaconazol) (Figura 8).

Las placas de agar que contienen azoles, que estan también disponibles
comercialmente en algunos paises (VIPcheck©, BovenLeeuwen, Paises Bajos), han
demostrado ser Utiles para detectar la presencia de cepas de A. fumigatus resistentes a

los azoles en el ambiente y en entornos clinicos
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Una validacién multicéntrica del método utilizando placas VIPcheck© vy placas
caseras realizadas en los propios laboratorios participantes permitié que EUCAST

desarrollara un método nuevo (E.Def 10) e implementara el procedimiento para su uso

@/. OO\

POS
(0.5 mg/L)

rutinario

Growth

@ contro joj

Figura 8. Representacion de la placa de agar de cuatro pocillos con los pocillos que contienen 1 mL de
agar que contiene azoles (pocillos 1-3) y agar sin antifungicos (pocillo 4) utilizado como control de
crecimiento. ITC, itraconazol; VRC, voriconazol; POS, posaconazol.

Dado que las placas comerciales no estan disponibles en muchos paises, es
necesario prepararlas de forma casera. En los estudios realizados se utilizaban placas de
plastico multipocillo de la marca Nunc® y quedaria por resolver si seria posible utilizar

otros tipos de placas de plastico multipocillo que abaratasen los costes.

El patrdon de resistencia se deduce facilmente del crecimiento en los pocillos de agar
con azoles (Figura 9). Las sustituciones TR34-L98H pueden sospecharse en cepas que
crecen en los pocillos de agar que contienen itraconazol y voriconazol, las sustituciones
G54 pueden sospecharse en cepas que crecen en los pocillos que contienen posaconazol
e itraconazol, y las sustituciones TR4s-Y121F-T289A pueden sospecharse en cepas que
crecen exclusivamente en los pocillos de agar que contienen voriconazol. Un crecimiento
vigoroso sobre el agar con azoles sugiere firmemente la presencia de cepas resistentes,
mientras que un crecimiento poco prominente refleja con alta probabilidad una falsa
resistencia. Sin embargo, se recomiendan métodos de microdilucidon confirmatorios en
las cepas que crezcan en placas que contienen azoles, independientemente del grado de
crecimiento fungico.
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Figura 9. Patrones de crecimiento en las placas de agar con azoles de cepas de A. fumigatus sensu stricto
sensibles (a) y resistentes (b) a azoles.

1.9.3. Tiras de difusion en gradiente

Otra alternativa para la determinacién de la resistencia son las tiras de difusiéon de
gradiente, ampliamente utilizadas en la practica de los laboratorios de Microbiologia
Clinica. Este procedimiento tiene el inconveniente de que la interpretacion de las CMlIs

sigue siendo controvertida y no esta estandarizada.

Las tiras de difusidn de gradiente son tiras de pldstico con la escala de CMls en
pug/mL indicada por un lado y un gradiente de antifungico predefinido por el otro.
Cuando la tira se aplica a la superficie de agar previamente sembrado, el gradiente de
antifungico se transfiere inmediatamente al medio. El crecimiento fungico se hace visible
durante la incubacién y aparece una elipse de inhibicién simétrica centrada a lo largo de
la tira. El valor de CMI se lee en la zona de inhibicidn completa del crecimiento fungico,

donde el extremo en punta de la elipse corta la tira (Figura 10).
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Figura 10. Patrén de crecimiento en placas de agar con tiras de difusion en gradiente de una cepa de A.
fumigatus sensu stricto sensible a azoles; se indica con una flecha naranja la CMI de itraconazol (IT),
voriconazol (VO), posaconazol (POS), e isavuconazol (IVU).

Estudios previos que comparan el procedimiento de microdilucién en caldo E.Def
9.4 con las tiras de difusién de gradiente, incluyendo cepas de A. fumigatus de tipo
salvaje y con mutaciones en el gen cyp51A (TR34-L98H, TR46-Y121F-T289A, M220 y G54),
han reportado acuerdos categdricos altos, aunque se encuentran limitados por el bajo
numero de cepas resistentes, los agentes antifungicos seleccionados, y la ausencia en las

evaluaciones de especies cripticas

Espinel-Ingroff, utilizando el método estandar del CLSI, propuso valores de corte
epidemioldgicos frente A. fumigatus sensu stricto para itraconazol (>1 mg/L), voriconazol
(>0,25 mg/L) y posaconazol (>0,125 mg/L)

. Mercier y colaboradores, propusieron puntos de
corte epidemioldgicos frente a A. fumigatus sensu lato para isavuconazol de 0,5 mg/L
. Sin embargo, estos puntos de corte requieren ser validados por

laboratorios independientes y con un mayor nimero de cepas resistentes.
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TR;,-L98H G54R

Figura 11. Patron de crecimiento en placas de agar con tiras de difusion en gradiente de cepas de A.
fumigatus sensu stricto resistentes a azoles con diferentes mutaciones en el gen cyp51A.
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Justificacion

La Organizacion Mundial de la Salud incluyé a A. fumigatus dentro de la lista de
patdégenos fungicos prioritarios (WHO FPPL) en 2022. Este patdgeno ha sido considerado
de prioridad critica dada su ubicuidad, su capacidad de producir enfermedades invasivas,

y los niveles crecientes de resistencia a los azoles.

Los azoles son la primera linea del tratamiento de la aspergilosis invasiva y las
infecciones producidas por cepas resistentes se asocian a un peor prondstico, en muchas

ocasiones por el retraso en su deteccidn y un tratamiento inadecuado de inicio.

Las tasas de resistencia a azoles en Espafa han sido tradicionalmente bajas, sin
embargo, en el afo 2019, el estudio ASPEIN | (Aspergillus in Spain) realizado con cepas
de A. fumigatus sensu lato procedentes de muestras clinicas de pacientes atendidos en
29 hospitales de Espafia, mostré que el 6,6% de los pacientes eran portadores de cepas
resistentes a azoles. Las modificaciones TR34-L98H fue la sustitucién dominante, aunque
su presencia no estaba muy extendida. En el afio 2022, el estudio ASPEIN II, el cual se
amplié a 81 hospitales espanoles, mostré unos datos muy similares de resistencia a
azoles, con un predominio también de cepas con las modificaciones TR34-L98H, pero con

una distribucién mucho mayor.

En este contexto, se hace necesaria la deteccién de la resistencia a los azoles en
cepas clinicas de A. fumigatus por parte de los laboratorios de Microbiologia Clinica.
Entre los métodos disponibles se encuentran: la microdilucién en caldo, las placas de
agares con azoles y las tiras de difusion en gradiente, pero todos ellos tienen
limitaciones. El método estandarizado por EUCAST de la microdilucién en caldo resulta
laborioso, es necesario el conocimiento exhaustivo de su preparacién e interpretaciény
conlleva mucho tiempo. Las placas de agares con azoles, son un método de cribado
estandarizado por EUCAST, pero la preparacion casera de las placas y la preparacion del
inéculo de las cepas lleva tiempo y las placas de plastico recomendadas por el
procedimiento de EUCAST tienen un elevado coste. Y las tiras de difusion en gradiente,
aungue se utilizan de una forma muy extendida en Espafia, no tienen puntos de corte
establecidos y la preparacion de los indculos y la interpretacion de los resultados, no

estan estandarizados.
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En consecuencia, los estudios de sensibilidad antifungica en hongos filamentosos
raramente se realizan, o bien se llevan a cabo con tiras de difusion en gradiente sin unos
puntos de corte establecidos o se retrasa, debido a la derivaciéon de esta prueba a un

laboratorio de referencia.

En este escenario, en la presente tesis se pretenden evaluar los métodos citados
para la deteccion de las resistencias a azoles en A. fumigatus y evaluar distintas
estrategias para hacerlos mds sencillos, objetivos, baratos, y accesibles para el

laboratorio de Microbiologia Clinica.
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Objetivos

La presente tesis pretende abordar los siguientes objetivos:

1. Comparacion de las lecturas visuales y espectrofotométricas de las CMIs de
azoles y anfotericina B frente a cepas de A. fumigatus obtenidas mediante el método

de microdilucion EUCAST.

1.1. Comparacién de las lecturas visuales y espectrofotométricas con un endpoint

de inhibicion del crecimiento fungico > 95%.

1.2. Comparacioén de las lecturas visuales y espectrofotométricas con un endpoint

de inhibicidn del crecimiento fungico tanto > 95% como > 90%.

2. Evaluacidn y simplificacion del método de placas de agar con azoles (EUCAST

E.Def 10) para la deteccion de cepas de A. fumigatus resistentes a azoles.

2.1. Evaluacién del impacto de los distintos tipos de plasticos de diferentes placas

multipocillo en la preparacion de placas de agar con azoles.

2.2. Evaluacién del impacto de omitir la fase de filtrado en el proceso de preparacion

de los inéculos.

2.3. Evaluacion del impacto de omitir el ajuste de la concentracién del indculo a 0,5

McFarland en el proceso de preparacion de los inéculos.

3. Evaluacion y simplificacion del método de las tiras de difusion por gradiente

para la deteccion de cepas de A. fumigatus resistentes a azoles.

3.1. Establecer puntos de corte para diferenciar la poblacidn salvaje de la resistente

en A. fumigatus sensu lato.

3.2. Evaluacién del impacto de omitir las fases de filtrado y ajuste de la

concentracién del inéculo a 0,5 McFarland en el proceso de preparacion de los indculos.
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Desarrollo

CAPITULO I: Comparacién de las lecturas visuales y espectrofotométricas

de las CMIs de azoles y anfotericina B frente a cepas de A. fumigatus.

Articulo 1: Azole and Amphotericin B MIC Values against Aspergillus
fumigatus: High Agreement between Spectrophotometric and Visual

Readings Using the EUCAST E. Def 9.3.2 Procedure

El procedimiento de microdilucion en caldo de EUCAST E.Def 9.3.2 recomendaba la
determinacion visual de las CMIs para los azoles y la anfotericina B, sin embargo, esto
puede resultar poco objetivo debido a las variaciones entre usuarios. En este estudio se
obtuvieron lecturas espectrofotométricas de las CMls de azoles y anfotericina B frente a
cepas de A. fumigatus y se compararon con el método visual para superar la

subjetividad.

Se incluyeron 847 cepas clinicas de A. fumigatus sensu lato (A. fumigatus sensu
stricto [n=828] y especies cripticas [n=19]) recogidas en 30 hospitales durante un estudio
multicéntrico realizado en Espafa. Se estudid la sensibilidad antifungica segun el
procedimiento EUCAST E.Def 9.3.2 para anfotericina B, itraconazol, voriconazol,
posaconazol e isavuconazol y se realizaron lecturas visuales y espectrofotométricas para
obtener las CMlIs. Se identificaron las mutaciones cyp51A en las cepas resistentes. Se
compararon las CMlIs establecidas visualmente con aquellas obtenidas
espectrofotométricamente (reduccion del crecimiento fungico >95% en comparacion
con el control y leido a 540 nm). Se calcularon las concordancias esenciales (+1 dilucién

doble) y categoricas.

En general, se encontraron elevadas concordancias esenciales (97,1%) y categodricas
(99,6%). Las concordancias categoricas para anfotericina B, itraconazol y posaconazol
fueron del 100%, y consecuentemente, no se encontraron errores. Las concordancias
categoricas para voriconazol e isavuconazol fueron del 98,7% y 99,3%, respectivamente.
La mayoria de las clasificaciones erréneas para voriconazol e isavuconazol se
encontraron en CMls en el "area de incertidumbre técnica" o solo una dilucién por

encima del punto de corte. La tasa de resistencia fue ligeramente menor cuando las CMls
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se obtuvieron mediante lectura espectrofotométrica, pero todos los mutantes cyp51A

relevantes se clasificaron correctamente como resistentes.

En conclusidn, las CMIs obtenidas por lectura espectrofotométrica presentaron una
elevada concordancia con la lectura visual. Por tanto, la lectura espectrofotométrica de
las CMlIs de azoles y anfotericina B en cepas de A. fumigatus sensu lato podria ser una

alternativa a la lectura visual.
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ABSTRACT The EUCAST EDef 9.3.2 procedure recommends visual readings of azole
and amphotericin B MICs against Aspergillus spp. Visual determination of MICs may
be challenging. In this work, we aim to obtain and compare visual and spectropho-
tometric MIC readings of azoles and amphotericin B against Aspergillus fumigatus
sensu lato isolates. A total of 847 A. fumigatus sensu lato isolates (A. fumigatus sensu
stricto [n = 828] and cryptic species [n = 19]) were tested against amphotericin B,
itraconazole, voriconazole, posaconazole, and isavuconazole using the EUCAST EDef
9.3.2 procedure. Isolates were classified as susceptible or resistant/non-wild type ac-
cording to the 2020 updated breakpoints. The area of technical uncertainty for the
azoles was defined in the updated breakpoints. Visual and spectrophotometric (fun-
gal growth reduction of >95% compared to the control, read at 540 nm) MICs were
compared. Essential (1 2-fold dilution) and categorical agreements were calculated.
Overall, high essential (97.1%) and categorical (99.6%) agreements were found. We
obtained 100% categorical agreements for amphotericin B, itraconazole, and po-
saconazole, and consequently, no errors were found. Categorical agreements were
98.7 and 99.3% for voriconazole and isavuconazole, respectively. Most of the mis-
classifications for voriconazole and isavuconazole were found to be associated with
MIC results falling either in the area of technical uncertainty or within one 2-fold di-
lution above the breakpoint. The resistance rate was slightly lower when the MICs
were obtained by spectrophotometric readings. However, all relevant cyp51A mu-
tants were correctly classified as resistant. Spectrophotometric determination of az-
ole and amphotericin B MICs against A. fumigatus sensu lato isolates may be a con-
venient alternative to visual endpoint readings.

KEYWORDS Aspergiflus fumigatus, EUCAST, azoles, amphotericin B,
spectrophotometric
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Serrano-Lobo et al,

ﬂ’x. zoles are the backbone of treatment and prevention of diseases associated with
| 'xAsperngus spp. and are to date the only available anti-Aspergillus oral drugs. The
European Society of Clinical Microbiology and Infectious Diseases guidelines recom-
mend itraconazole for the management of patients with chronic pulmonary aspergil-
losis and allergic bronchopulmonary aspergillosis. Voriconazole and isavuconazole are
indicated as the first-line treatment of pulmonary invasive aspergillosis. Voriconazole is
also recommended for primary therapy in patients with central nervous system in-
volvement and chronic pulmonary forms of the infection. Posaconazole is recom-
mended for antifungal prophylaxis during prolonged neutropenia in high-risk patients
or as salvage therapy in intolerant or nonresponding individuals. Finally, liposomal
amphotericin B is recommended in settings in which azoles are contraindicated—
resistant isolates—and as salvage therapy (1). Some Aspergillus species are intrinsically
resistant to polyenes (A. terreus, A. nidulans, and A. flavus) or azoles (A. ustus) (2).
Members of Aspergillus fumigatus sensu lato, the main etiological agents of aspergillosis,
include A. fumigatus sensu stricto and cryptic species. Cryptic species commonly show
intrinsic resistance to amphotericin B and azoles (3). In contrast, A. fumigatus sensu
stricto isolates may acquire resistance following exposure to azoles, particularly with
environmental azole fungicides (4). Azole resistance in A. fumigatus sensu stricto isolates
has been increasingly reported worldwide (5-7).

Patients infected by azole-resistant A. fumigatus sensu lato isolates show higher
mortality than those with azole-susceptible infections (8, 9). Thus, to improve patient
care, detection of resistance is of paramount importance. The Clinical and Laboratory
Standards Institute (CLSI) and the European Committee on Antimicrobial Susceptibility
Testing (EUCAST) proposed standard methods for the study of azole and amphotericin
B susceptibility of Aspergillus isolates. The EUCAST EDef 9.3.2 procedure includes clinical
breakpoints to classify isolates either as susceptible or resistant and recommends visual
determination of MICs (10). Visual inspection may be challenging, and spectrophoto-
metric readings may facilitate MIC determination and overcome subjectivity. However,
there is a limited number of studies using the EUCAST methodology in which azole
MICs against A. fumigatus sensu lato obtained by visual and spectrophotometric
readings are compared; furthermore, the available studies are thwarted by a low
number of isolates and antifungal drugs tested (11-14).

We recently conducted a Spanish multicenter study of azole resistance in which 847
A. fumigatus sensu lato clinical isolates were collected between 15 February and 14 May
2019 (15). Taking advantage of the large number of isolates, the objective in this work
is to report and compare azole and amphotericin B MICs using visual and spectropho-
tometric readings following the EUCAST EDef 9.3.2 procedure.

RESULTS

Isolates classified as resistant/non-wild type according to the updated 2020 EUCAST
breakpoints are listed in Table 1, as described in more detail in Materials and Methods.
Tables 2 to 6 show MIC distributions of amphotericin B, itraconazole, posaconazole,
voriconazole, and isavuconazole against the 847 isolates by regular/stringent visual and
spectrophotometric readings. MICs against quality control (QC) strains were within the
acceptable limit.

Agreement between MICs by regular visual and spectrophotometric readings.
Overall, both MIC endpoints showed high essential (97.1%) and categorical (99.6%)
agreements. Essential agreements for individual drugs were as follows: amphotericin B,
98.8%; itraconazole, 94.8%; posaconazole, 97.3%; voriconazole, 98.3%; and isavucona-
zole, 96.1% (Table 7).

Categorical agreements for amphotericin B, itraconazole, and posaconazole were
100%, and consequently, resistance rates for both MIC endpoints were identical.
Categorical agreement for voriconazole was 98.7%, and the rate of resistance was
slightly lower when spectrophotometric readings were used for MIC determination.
Very major errors (0.7% [n = 6]) and major errors (0.4% [n = 3]) for voriconazole
occurred in A. fumigatus sensu stricto isolates with MIC results falling in the area of
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TABLE 1 Azole and amphotericin B breakpoints and ECOFFs chosen to classify Aspergillus
fumigatus sensu lato isolates as susceptible, resistant, or non-wild type®

Clinical breakpoint (mg/liter)

Drug ECOFF for WT (mag/liter) S R ATU®
Amphotericin B =1 =1 =2 ND
Itraconazole =1 =1 =2 2
Posaconazole =0.25 =0.125 =025 0.25
Voriconazole =1 =1 =2 2
Isavuconazole =2 =1 =4 2

aFor details, see reference 17. ECOFF, epidemiological cutoff value; WT, wild type; S, susceptible; R, resistant;
ATU, area of technical uncertainty; ND, not defined.

blsolates with itraconazole and voriconazole MIC results that fall in the ATU were always considered resistant;
isolates with isavuconazole MICs and posaconazole MIC results that fall in the ATU were considered
resistant when voriconazole resistant or itraconazole resistant, respectively.

technical uncertainty (ATU) (MIC = 2 mg/liter). In cryptic species, very major errors
occurred in two Neosartorya udagawae isolates (10.5%), one of them with MIC results
falling in the ATU. Categorical agreement for isavuconazole was 99.3%, and the rate of
resistance was slightly lower when spectrophotometric readings were used for MIC
determination. Very major errors in isavuconazole occurred in three A. fumigatus sensu
stricto isolates and in three cryptic species isolates (two of N. udagawae and one of A.
fumigatiaffinis). With the exception of the A. fumigatiaffinis isolate, very major errors for
isavuconazole (n = 5) were detected in isolates with MIC results in the ATU, which also
revealed very major errors for voriconazole (see Table S1 in the supplemental material).
None of the six isolates for which very major errors were detected in the azole
categorical classification harbored relevant cyp51A mutations (Table S1).

Agreement between MICs obtained by regular/stringent visual readings. Over-
all, both visual MIC endpoints showed high essential (97.7%) and categorical (96.7%)
agreements. Essential agreements for individual drugs were above 98% (itraconazole,
98.9%; posaconazole, 98.7%; and isavuconazole, 98.6%), with the exception of vori-
conazole (94.4%) (Table 7).

Categorical agreements for itraconazole and posaconazole were 99.4% (Table 7).
Resistance rates obtained by both MIC endpoints were identical in A. fumigatus sensu
stricto, but slightly higher with stringent visual readings in cryptic species. This led to
major errors for both drugs in five isolates (three of A. lentulus, one of A. novofumigatus,
and one of A. fumigatiaffinis). Although posaconazole MICs by both visual readings
were identical (MIC = 0.25 mg/liter [ATU]), the categorical classification differed due to

TABLE 2 MIC distributions of amphotericin B against 847 A. fumigatus sensu lato isolates®

Desarrollo

Antimicrebial Agents and Chemotherapy

MIC distribution by no. of isolates for MIC (mg/liter)

No. (%) of resistant

MIC reading procedure 0.008 0.016 0.03 006 0.125 025 05 1 2 4 8 =16 isolates®
A. fumigatus sensu lato (n = 847)
Regular visual readings 0 0 1 5 70 407 306 45 7 5 1 0 13 (1.5)
Spectrophotometric readings 0 0 0 7 96 452 248 31 6 5 0 2 13 (1.5)
A. fumigatus sensu stricto (n = 828)
Regular visual readings 0 0 1 5 68 407 305 42 0 0 0 O 0 (0)
Spectrophotometric readings 0 0 0 7 94 452 246 29 0 0 0 O 0 (0)
Cryptic species (n = 19)
Regular visual readings 0 0 0 0 2 0 1 3 7 5 1 0 13 (68.4)
Spectrophotometric readings 0 0 0 0 2 0 2 2 6 5 0 2 13 (68.4)
Isolates with tandem repeats (n = 25)
Regular visual readings 0 0 0 0 2 10 13 0 0 0 0 O 0 (0)
Spectrophotometric readings 0 0 0 0 3 10 12 0 0 0 0 0 0 (0)

aMIC distributions by regular visual readings and their correspondent rates of resistance are reported elsewhere (15). Underlined values indicate non-wild-type isolates
according to tentative ECOFFs, and values in boldface indicate resistant isolates (EUCAST breakpoint table v. 10.0, 2020 [10]).

b|dentical numbers of resistant isolates and non-wild-type isolates were obtained.
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TABLE 3 MIC distributions of itraconazole against 847 A. fumigatus sensu lato isolates®

MIC distribution by no. of isolates for MIC (mg/liter) of: No. (%} of resistant

MIC reading procedure 0.008 0.016 0.03 0.06 0.125 0.25 0.5 1 2 4 8 =16 isolates®
A. fumigatus sensu lato (n = 847)
Regular visual readings 0 0 0 0 26 427 328 21 2 2 2 3¢9 45 (5.3)
Stringent visual readings 0 0 0 0 10 269 459 59 2 2 2 44 50 (5.9)
Spectrophotometric readings 0 0 15 22 49 412 287 17 3 1 1 40 45 (5.3)
A. fumigatus sensu stricto (n = 828)
Regular visual readings 0 0 0 0 26 426 326 15 2 1 1 31 35 (4.2)
Stringent visual readings 0 0 0 0 10 269 457 57 2 1 1 31 35 (4.2)
Spectrophotometric readings 0 0 15 22 49 410 282 15 3 0 1 31  35(42)
Cryptic species (n = 19)
Regular visual readings 0 0 0 0 0 1 2 6 0 1 1 8 10 (52.6)
Stringent visual readings 0 0 0 0 Q 0 2 2 0 1 1 13 15 (78.9)
Spectrophotometric readings 0 0 0 0 0 2 5 P 0 1 0 9 10 (52.6)
Isolates with tandem repeats (n = 25)
Regular visual readings 0 0 0 0 0 0 1 0 0 0 0 24 24 (96)
Stringent visual readings 0 0 0 0 0 0 0 1 0 0 0 24 24 (96)
Spectrophotometric readings 0 0 0 0 0 0 1 0 0 0 0 24 24 (96)

aMIC distributions by regular visual readings and their correspondent rates of resistance are reported elsewhere (15). Values shaded in gray indicate MICs in the area
of technical uncertainty (ATU) and were classified as resistant isolates. Underlined values indicate non-wild-type isolates according to tentative ECOFFs, and values in
boldface indicate resistant isolates (EUCAST breakpoint table v. 10.0, 2020 [10]).

ldentical numbers of resistant isolates and non-wild-type isolates were obtained.

the MICs of itraconazole in four out of the five isolates (see Table 52 in the supple-
mental material). The percentage of voriconazole resistance was overestimated with
the stringent visual endpoint (6.6% versus 15.8%). Categorical agreement was 90.8%.
Major errors were found exclusively in A. fumigatus sensu stricto isolates (n = 78), in MIC
results falling in the ATU. Likewise, the rate of isavuconazole resistance was overesti-
mated when the stringent visual endpoint was used, although to a lesser extent than
in the case of voriconazole (4.1% versus 4.4%). Categorical agreement was 97.2%. Major
errors were found in A. fumigatus sensu stricto isolates (n = 22) and in two isolates of
cryptic species (N. tsurutae and A. fumigatiaffinis [Table S2]). Similarly, most misclassi-

TABLE 4 MIC distributions of posaconazole against 847 A. fumigatus sensu lato isolates?

MIC distribution by no. of isolates for MIC (mg/liter) of: No. (%) of isolates

MIC reading procedure 0.008 0.016 0.03 0.06 0.125 025 0.5 1 2 4 8 =16 Resistant Non-wild type
A. fumigatus sensu lato (n = 847)

Regular visual readings 0 2 46 441 279 42 27 3 0 1 0 6 46 (5.4) 37 (44)

Stringent visual readings 0 1 18 268 399 119 23 12 0 1 0 6 51 (6) 42 (5)

Spectrophotometric readings 1 1 70 476 225 36 28 4 1 1 0 4 47 (5.5) 38 (4.5)
A. fumigatus sensu stricto (n = 828)

Regular visual readings 0 2 46 440 278 32 20 3 01 0 6 34 (4.1) 30 (3.6)

Stringent visual readings 0 1 18 268 398 1M1 13 12 0 1 0 6 34 (4.1) 32 (3.9

Spectrophotometric readings 1 1 70 475 222 27 22 4 11 0 4 34 (4.1) 32 (3.9)
Cryptic species (n = 19)

Regular visual readings 0 0 0 1 1 10 7 0O 0 0 0 O 12 (63.1) 7 (36.8)

Stringent visual readings 0 0 0 0 1 8 10 0 0 0 0 0 17 (89.5) 10 (52.6)

Spectrophotometric readings 0 0 0 1 3 9 6 0o 0 0 0 O 12 (63.1) 6 (31.6)
Isolates with tandem repeats (n = 25)

Regular visual readings 0 0 0 0 0 3 18 2 0 0 0 2 24 (96) 22 (88)

Stringent visual readings 0 0 0 0 0 1 11 11 0 0 0 2 24 (96) 24 (96)

Spectrophotometric readings 0 0 0 0 0 1 19 4 1 0 0 0 24 (96) 24 (96)

aMIC distributions by regular visual readings and their correspondent rates of resistance or non-wild-type isolates are reported elsewhere (15). Values shaded in gray
indicate MICs in the area of technical uncertainty (ATU). MIC results against A. fumigatus sensu lato falling in the ATU were translated to resistant as follows: regular
visual readings (n = 9/42), stringent visual readings (n = 9/119), and spectrophotometric readings (n = 9/36). Underlined values indicate non-wild-type isclates
according to tentative ECOFFs, and values in boldface indicate resistant isolates (EUCAST Breakpoint table v. 10.0, 2020 [10]).
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TABLE 5 MIC distributions of voriconazole against 847 A. fumigatus sensu lato isolates?®

MIC distribution by no. of isolates for MIC (mg/liter) of: Nok (98) of resistant

MIC reading procedure 0.008 0.016 0.03 0.06 0.125 025 05 1 2 4 8 =16 isolates®
A. fumigatus sensu lato (n = 847)
Visual reading 0 0 0 0 3 82 529 177 19 27 7 3 56 (6.6)
Stringent visual readings 0 0 0 0 1 17 302 394 87 31 11 4 133 (15.7)
Spectrophotometric readings 0 0 0 0 4 138 500 154 18 24 6 3 51 (6)
A. fumigatus sensu stricto (n = 828)
Visual reading 0 0 0 0 3 82 529 176 13 19 3 3 38 (4.6)
Stringent visual readings 0 0 0 0 1 17 302 393 86 18 7 4 115 (13.9)
Spectrophotometric readings 0 0 0 0 4 138 498 153 11 18 4 2 35 (4.2)
Cryptic species (n = 19)
Visual reading 0 0 0 0 0 0 0 1 6 8 4 0 18 (94.7)
Stringent visual readings 0 0 0 0 0 0 0 1 1 13 4 0 18 (94.7)
Spectrophotometric readings 0 0 0 0 0 0 2 1 7 6 2 1 16 (84.2)
Isolates with tandem repeats (n = 25)
Visual reading 0 0 0 0 0 0 0 0 5 15 2 3 25 (100)
Stringent visual readings 0 0 0 0 0 0 0 0 1 14 7 3 25 (100)
Spectrophotometric readings 0 0 0 0 0 0 0 0 6 14 3 2 25 (100)

“MIC distributions by regular visual readings and their correspondent rates of resistance are reported elsewhere (15). Values shaded in gray indicate MICs in the area
of technical uncertainty (ATU) and were classified as resistant isolates. Underlined values indicate non-wild-type isolates according to tentative ECOFFs, and values in
boldface indicate resistant isolates (EUCAST breakpoint table v. 10.0, 2020 [10]).

®The numbers of resistant isolates and non-wild-type isolates were identical.

fications (23/24 isolates) were associated with MIC results falling in the ATU and mostly
affected isolates in which major errors for voriconazole were detected (21/24 isolates).
Since stringent visual readings shifted azole MICs to higher values, no very major errors
were found.

DISCUSSION

In this study, we show that MICs of azoles and amphotericin B against A. fumigatus
obtained either by spectrophotometric or regular visual readings have very high
essential and categorical agreement.

TABLE 6 MIC distributions of isavuconazole against 847 A. fumigatus sensu lato isolates?

MIC distribution by no. of isolates for MIC (mg/liter) of: No. of isolates (%)

MIC reading procedure 0.008 0.016 0.03 006 0.125 025 05 1 2 4 8 =16 Resistant Non-wild type
A. fumigatus sensu lato (n = 847)

Regular visual readings 0 0 0 Q 0 13 440 333 26 14 17 4 48 (5.6) 35 (4.1)

Stringent visual readings 0 0 0 0 0 2 146 572 %0 11 21 5 72 (8.5) 37 (4.4)

Spectrophotometric readings 0 0 0 17 4 14 434 314 31 12 18 3 42 (5) 33 (3.9)
A. fumigatus sensu stricto (n = 828)

Regular visual readings 0 0 0 4] Q 13 440 327 18 10 16 4 35 (4.2) 30 (3.6)

Stringent visual readings 0 0 0 [4] 0 2 146 568 80 7 20 5 57 (6.9) 32 (3.9

Spectrophotometric readings 0 0 0 17 4 14 433 306 24 9 18 3 32 (3.9) 30 (3.6)
Cryptic species (n = 19)

Regular visual readings 0 0 0 0 0 0 0 6 4 1 0 13 (68.4) 5(26.3)

Stringent visual readings 0 0 0 0 0 0 0 4 10 4 1 0 15 (789) 51(26.3)

Spectrophotometric readings 0 0 0 Q 0 0 1 8 3 0 0 10 (52.6) 3(15.8)
Isolates with tandem repeats (n = 25)

Regular visual readings 0 0 0 4] 0 0 0 0 1 6 14 4 25 (100) 24 (96)

Stringent visual readings 0 0 0 [4] 0 0 0 0 0 2 18 5 25 (100) 25 (100)

Spectrophotometric readings 0 0 0 0 0 0 0 0 0 7 15 3 25 (100) 25 (100)

aMIC distributions by regular visual readings and their correspondent rates of resistance/non-wild-type isolates were reported elsewhere (15). Values shaded in gray
indicate MICs in the area of technical uncertainty (ATU). MIC results against A. fumigatus sensu lato falling in the ATU were translated to resistant as follows: regular
visual readings (n = 13/26), stringent visual readings (n = 35/90), and spectrophotometric readings (n = 9/31). Underlined values indicate non-wild-type isolates
according to tentative ECOFFs, and values in boldface indicate resistant isolates (EUCAST breakpoint table v. 10.0, 2020 [10]).
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TABLE 7 Essential and categorical agreement between MICs by visual (regular and stringent) and spectrophotometric readings®

A. fumigatus sensu A. fumigatus sensu
lato (%) stricto (%) Cryptic species (%)
Essential  Categorical Essential  Categorical Essential  Categorical
MIC reading comparison agreement agreement VME ME agreement agreement VME ME agreement agreement VME ME
Amphotericin B
Regular visual vs spectrophotometric 98.8 100 0 0 99 100 0 0 895 100 0 0
readings
Itraconazole
Regular visual vs spectrophotometric 94.8 100 0 0 951 100 0 0 789 100 0 0
readings
Regular visual vs stringent readings 98.9 994 0 06 996 100 0 0 684 73.7 0 263
Posaconazole
Regular visual vs spectrophotometric 97.3 100 0 0 971 100 0 0 100 100 0 0]
readings
Regular visual vs stringent readings 98.7 99.4 0 06 98.7 100 0 0 100 73.7 0 26.3
Voriconazole
Regular visual vs spectrophotometric 98.3 98.7 09 03 984 98.9 07 04 947 89.5 105 0
readings
Regular visual vs stringent readings  94.4 90.8 0 9.2 943 90.6 0 9.4 100 100 0 0
Isavuconazole
Regular visual vs spectrophotometric 96.1 99.3 07 0 963 99.6 04 0 895 84.2 158 0
readings
Regular visual vs stringent readings 98.6 97.2 1] 2.8 985 97.3 0 2.7 100 89.5 0 105

“Regular visual endpoint MICs were assumed as the gold standards and compared against MICs obtained by other endpoints. MICs (percentages) within =1 2-fold
dilution were considered to be in essential agreement. Isolates were classified as resistant/non-wild type according to the updated 2020 EUCAST breakpoints/ECOFFs,
The endpoints were in categorical agreement when the results were in the same susceptibility category (regardless of the MIC). VME, very major error (false
susceptibility); ME, major error (false resistance).

The increase in resistant A. fumigatus isolates worldwide has promoted antifungal
susceptibility testing (5). Azole resistance in A. fumigatus may occur during azole
therapy or exposure to azole fungicides in the environment (4). Furthermore, cryptic
species commonly show intrinsic resistance to amphotericin B and azoles (3). Although
the EUCAST EDef 9.3.2 procedure recommends visual inspection for azole and ampho-
tericin B MIC settings against Aspergillus species, spectrophotometric readings may
offer objectivity, quick automated readings, and overall better performance. Previous
studies comparing spectrophotometric and visual readings showed excellent essential
(92 to 97%) and categorical (93 to 99%) agreements (11-14). Some of the studies used
the CLSI methodology and were undermined by the limited number of A. fumigatus
sensu stricto isolates tested (up to 133 isolates), the absence of both cryptic species
isolates and cyp57A mutants, and a low number of studied antifungal drugs (ampho-
tericin B and itraconazole) (12-14). One of the studies, in which the EUCAST method
was used, included the four antimold triazoles (itraconazole, posaconazole, voricona-
zole, and isavuconazole) and a low number of A. fumigatus sensu stricto isolates (n =
88). The work did not assess cryptic species, although 15 isolates with cyp51A muta-
tions, including isolates with the dominant substitutions TRy, L98H, G54, and M220,
among others, were examined. Furthermore, since EUCAST has recently changed azole
breakpoints against Aspergillus fumigatus sensu lato, a validation of spectrophotometric
readings, including a large number of isolates classified according to the updated
EUCAST breakpoints, is needed.

We recently conducted a survey of azole resistance in A. fumigatus sensu lato isolates
collected in Spain in 2019 (15). Taking advantage of the large number of isolates
collected (n = 847), we obtained and compared MICs using visual and spectrophoto-
metric readings. Nineteen strains were identified as cryptic species, and 45 A. fumigatus
sensu stricto isolates proved to be azole resistant, being TRy, L98H, the dominant
mechanism of resistance. Both MIC endpoints show high essential/categorical agree-
ments for amphotericin B (98.8%/100%), itraconazole (94.8%/100%), posaconazole
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(97.3%/100%), voriconazole (98.3%/98.7%), and isavuconazole (96.1%/99.3%). No errors
were found in amphotericin B, itraconazole, and posaconazole. Most misclassifications
for voriconazole and isavuconazole are linked with MIC results falling either in the ATU
(10/12 isolates) or in just one 2-fold dilution above the breakpoint (2/12 isolates;
MIC = 4 mg/liter). Cross-resistance between voriconazole and isavuconazole is the
norm in A. fumigatus senso stricto (16). Using voriconazole as a surrogate marker,
spectrophotometric readings resulted in misdetection of voriconazole resistance in six
A. fumigatus senso stricto isolates with either a wild-type cyp51A gene or genetic
polymorphisms of dubious clinical implications (Table S1).

The EUCAST has recently reviewed the antifungal breakpoints against A. fumigatus
sensu lato. Breakpoints for amphotericin B, itraconazole, voriconazole, and posacona-
zole were lowered, while the breakpoint for isavuconazole was increased (17). Based on
the updated breakpoints, spectrophotometric MIC readings led to correct classification
of all isolates with relevant cyp57A mutations as resistant. Interpretation uncertainties
regarding MIC values may arise in the ATU, a newly introduced term, where the
breakpoints of wild-type isolates and mutant isolates converge (17). Isolates with
posaconazole and isavuconazole MICs of 0.25 mg/liter and 2 mg/liter, respectively,
cannot be automatically reported as susceptible or resistant. MIC determinations using
spectrophotometric readings frequently led to the underestimation of resistance for
MIC values falling in the ATU. Here, we were able to easily clarify misclassifications by
visually inspecting the tray. False resistance was detected in four A. fumigatus sensu
stricto isolates for which a voriconazole MIC of 2 mg/liter was determined by spectro-
photometric readings.

A higher mortality rate is observed in patients infected with azole-resistant A.
fumigatus sensu lato isolates. Resistance is frequently caused by mutations in the
cyp51A gene, some of which are associated with a pan-triazole-resistant phenotype
(high-level resistance) (8). Some phenotypes only affect the activity of a single azole or
several triazoles with similar molecular structure, and the MIC is close to the clinical
breakpoint, resulting in low-level resistance (18). Previous studies have shown that
patients infected with low-level voriconazole-resistant A. fumigatus (MIC = 2 mg) and
low-level isavuconazole-resistant A. fumigatus (MIC = 2 mg) may be treated with vori-
conazole or isavuconazole, respectively, provided that higher doses are administered
(19, 20). In cryptic species, very major errors in voriconazole and isavuconazole were
detected (Table S1).

Visual MIC readings may be challenging, and taking small colonies into account
(stringent visual readings) may result in overestimation of resistance rates and increase
the MIC of the isolates one or two 2-fold dilutions, particularly for voriconazole. Thus,
major errors in voriconazole and isavuconazole (MIC results falling in the ATU) against
A. fumigatus sensu stricto may be detected. Correct classification of relevant cyp571A
gene mutants was achieved by stringent visual readings.

We conclude that spectrophotometric determination is a useful alternative to visual
inspection of azole and amphotericin MICs against A. fumigatus sensu stricto. Both
endpoints show high essential and categorical agreements. Future studies that include
more isolates from cryptic species and A. fumigatus sensu stricto with other kinds of
cyp5TA mutations are warranted.

MATERIALS AND METHODS

Samples. A total of 847 A. fumigatus sensu lato clinical isolates, identified by matrix-assisted laser
desorption ionization-time of flight mass spectrometry (MALDI-TOF MS), were collected in a 30-hospital
survey conducted in Spain (15). Azole-resistant isolates (A. fumigatus sensu stricto, n = 45; cryptic species,
n = 19) were molecularly identified. The distribution of isolates as per species identification was as
follows: A. fumigatus sensu stricto, n = 828; A. lentulus, n=6; A. fumigatiaffinis, n =5; Neosartorya
tsurutae, n = 3; Neosartorya udagawae, n = 2; A. novofumigatus, n = 2; and A. thermomutatus, n = 1.

The ¢yp571A gene sequence from 45 azole-resistant A. fumigatus sensu stricto isolates carried the
mutations TR,, L98H (n = 24), G54R (n = 5), TR, Y121F T289A (n = 1), F46Y M172V N248T D255E E427K
(n = 2), F46Y M172V N248T D255E E416Q E427K (n = 1), F165L (n = 1), and 5496L (n = 1), as well as the
wild-type cyp51A gene (n = 10).
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a b
0.5mg/L 0.25mg/L 0.125mg/L 0.125 mg/L  0.06 mg/L 0.03mg/L  0.016 mg/L

FIG 1 Example of fungal growth of an A. fumigatus sensu stricto isolate in the presence of itraconazole (a),
posaconazole (b), voriconazole (c), and isavuconazole (d). Two MIC endpoints were used: the regular endpoint
(gold standard), where tiny small colonies were disregarded (wells surrounded by rings of dashed lines), and the
stringent endpoint, where the tiny colonies were taken into account (wells surrounded by rings of solid lines).

EUCAST antifungal susceptibility testing. All isolates were subcultured on potato dextrose agar or
Sabouraud dextrose agar and incubated at 35°C for 2 to 5days. Isolates from cryptic species were
incubated long enough to ensure filtered conidial suspensions reached a sufficient inoculum (equivalent
to a McFarland standard of 0.5 using a spectrophotometer). The isolates’ antifungal susceptibilities to
amphotericin B, itraconazole, voriconazole, posaconazole, and isavuconazole were determined following
the EUCAST EDef 9.3.2 procedure (21). The inoculated trays were incubated for 48 h at 35°C, and MICs
were obtained using a visual endpoint (defined as the concentration that completely inhibits fungal
growth) and a spectrophotometric endpoint (=95% inhibition of fungal growth compared to the
drug-free control and read at 540 nm, as described elsewhere) (11). Although the EUCAST EDef 9.3.2
procedure recommends ignering single colonies on the surface, sometimes it is difficult to discern real
growth from small colonies. Thus, we interpreted visual MICs using two endpoints—the regular endpoint
(very tiny growth was disregarded) or the stringent endpoint (a totally clear well)—as exemplified in Fig.
1. Quality control (QC) was ensured by testing the A. flavus ATCC 204304 and A. fumigatus ATCC 204305
strains (amphotericin B, itraconazole, voriconazole, and posaconazole), as well as Candida krusei ATCC
6258 and Candida parapsilosis ATCC 22019 (isavuconazole).

Data analysis. Regular visual endpoint MICs were assumed as the “gold standards” and compared
against MICs obtained by other endpoints; MICs (percentage) within =1 2-fold dilution were considered
to be in essential agreement. Isolates were classified as resistant/non-wild type according to the updated
2020 EUCAST breakpoints (Table 1); the intermediate category for amphotericin B and azoles and the
category of “susceptible increased exposure” are no longer available, and the term “area of technical
uncertainty” (ATU) for the four azoles has been defined (10). The ATU is a warning to laboratories on an
uncertainty needing attention before reporting the results and represents an area of confluence of both
wild-type and mutant isolates, particularly for voriconazole, posaconazole, and isavuconazole. MIC results
in the ATU were interpreted as follows: itraconazole and voriconazole, always resistant; posaconazole,
resistant only if the isolate was also resistant to itraconazole; and isavuconazole, resistant only if the
isolate was also resistant to voriconazole. Categorical agreement between the three endpoints was
assessed. The endpoints were in categorical agreement when the results were in the same susceptibility
category (regardless of the MIC). Errors were defined as very major errors (false susceptibility) when the
gold standard endpoint classified an isolate as resistant and the other endpoints as susceptible and as
major errors (false resistance) when the gold standard endpoint classified an isolate as susceptible and
the other endpoints as resistant (22).

Ethical considerations. This study was approved by the Ethics Committee of Hospital Gregorio
Marafién (CEIm; study no. 22/19).
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Articulo 2: Spectrophotometric azole and amphotericin B MIC
readings against Aspergillus fumigatus sensu lato using the EUCAST 9.3.2
methodology. Are 290 and 295% fungal growth inhibition endpoints

equally suitable?

Para obtener mas informacién sobre la idoneidad de la espectrofotometria como
alternativa a las lecturas visuales de CMI, en este estudio se obtuvieron las CMI de azoles
y anfotericina B utilizando la lectura espectrofotométrica con un endpoint de inhibicion
del crecimiento fungico = 90% frente al mismo conjunto de cepas del estudio anterior.
Las CMls obtenidas se compararon con las publicadas anteriormente utilizando la lectura
espectrofotométrica con un endpoint de inhibicién del crecimiento fungico > 95% y con
las obtenidas visualmente. Se calcularon las concordancias esenciales (+1 dilucion doble)

y categoricas.

Los resultados de este estudio indicaron que un endpoint de inhibicién del 90%
también mostré elevados acuerdos esenciales (96,6%) y categoricos (99,5%) para azoles
y anfotericina B, siendo mas altos para A. fumigatus sensu stricto que para especies
cripticas. A pesar de una ligera disminucién en la tasa de resistencia con el endpoint del
90%, no se detectaron errores importantes en cepas con mutaciones relevantes en el

gen cyp51A.

En conclusidn, los acuerdos entre lecturas espectrofotométricas y visuales
siguiendo la metodologia de EUCAST son elevados independientemente del pardmetro
de inhibicion del crecimiento fungico elegido (90% o 95%) frente a A. fumigatus sensu

stricto y fueron menores en especies cripticas.
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Abstract

We recently reported high essential (37.1%) and categorical (99.6%) agreements between azole and ampho-
tericin B MICs against Aspergillus fumigatus sensu lato obtained by visual and spectrophotometric readings
using a > 95% fungal growth endpoint and following the EUCAST methodology (doi: 10.1128/AAC.01693-
20). Here, we compared the aforementioned MICs against spectrophotometric MIC readings obtained using
a = 90% inhibition endpoint. Spectrophotometric readings using either = 90% or > 95% fungal growth in-
hibition resulted in high categorical (>99.9%) agreements with visual MIC readings against A. fumigatus
sensu stricto. In contrast, agreements with visual MICs against cryptic species were higher with the use of
a > 95% fungal growth inhibition endpoint.

Lay Summary

Spectrophotometrically obtained MIC readings using either = 90% or = 95% fungal growth inhibition end-
points and following the EUCAST methodology are suitable against A. fumigatus sensu stricto. However,
the = 95% fungal growth inhibition endpoint is preferred against cryptic species.

Key words: Aspergillus fumigatus, EUCAST, azoles, amphotericin B, spectrophotometry.

Azole resistance in Aspergillus fumigatus is a cause for concern
in many countries, associated to a poorer prognosis in the
affected patients.'™ Consequently, clinical microbiology labora-
tories should be prompted to detect A. fumigatus azole-resistant
isolates. EUCAST E.Def 9.3.2 microdilution procedure allows
detecting azole resistance in A. fumigatus isolates, however, a

wider implementation of the procedure in clinical settings is

hindered by technical complexities, including subjectivity in the
determination of antifungal minimum inhibitory concentrations
(MICs).6

Spectrophotometric readings may overcome the subjectiv-
ity of visual MIC inspection. Spectrophotometric MIC read-
ings lie on the measure of fungal growth inhibition in presence

or absence of antifungals; antifungal concentrations resulting

©The Author(s) 2021. Published by Oxford University Press on behalf of The International Society for Human and Animal Mycology. 1
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in > 90% and > 95% fungal growth inhibition (compared to
antifungal-free wells) are the most commonly used endpoints.”"?
A stringent endpoint (>95%) may lead to misclassify isolates
as falsely resistant; conversely, a less stringent endpoint (>90%)
may lead to miss truly-resistant isolates, but may help disregard
artifacts otherwise interpreted as fungal growth (e.g., yellow-
colored RPMI medium in wells growing Aspergillus niger, pre-
cipitation of insoluble antifungal drugs, etc.).’

Spectrophotometric MIC readings may become an alternative
to visual MIC readings in EUCAST methodology.® Works com-
paring azole and amphotericin B MICs using spectrophotometric
(290% or = 95% fungal growth inhibition endpoints)” and vi-
sual readings have provided excellent essential and categorical
agreements against A. fumigatus sensu stricto.”1%11 However,
the number of studies and isolates tested are low and exclusively
focused on A. fumigatus sensu stricto, whereas Fumigati cryptic
species isolates have not been tested at all.

We recently reported high essential and categorical agree-
ments between azole and amphotericin B MICs obtained by
visual and spectrophotometric readings (>95% fungal growth
endpoint) against a large number of A. furmigatus sensu lato clin-
ical isolates.!? To gain further insight on the suitability of spec-
trophotometry as an alternative to visual MIC readings, here we
obtained azole and amphotericin B MICs using a > 90% fungal
growth inhibition spectrophotometric reading endpoint against
the same set of isolates. The obtained MICs were compared with
those previously reported using the spectrophotometric > 95%
fungal growth inhibition endpoint and with those visually ob-
tained.!?

We studied A. fumigatus sensu lato isolates (n = 847) col-
lected from a recent survey conducted in Spain comprising A.
fumigatus sensu stricto (azole-resistant isolates [n = 44] and
azole-susceptible isolates [n = 784]) and cryptic species (azole-
resistant isolates [n = 18] and azole-susceptible isolates [n = 1]).°
A. fumigatus sensu stricto azole-resistant isolates had the fol-
lowing cypS1A gene sequence: TR34-L98H (n = 24), G54R
(n = 5), TR4/Y121F/T289A (n = 1), F46Y/M172V/N248T/
D255E/E427K (n = 2), F46Y/M172V/N248T/D255E/E416Q/E
427K (n = 1), F165L (n = 1), and wild-type cypS1A gene
(n = 10).° Antifungal susceptibility of isolates to amphotericin
B, itraconazole, voriconazole, posaconazole, and isavuconazole
were obtained according to EUCAST E.Def 9.3.2 procedure.®
MIC values obtained by spectrophotometric > 90% inhibition
endpoint (inhibition of fungal growth compared to the drug-
free control, read at 540 nm) were compared against values
previously obtained by spectrophotometric = 95% inhibition
endpoint and visual readings; both spectrophotometric readings
were obtained simultaneously.'?’ MICs within two-fold dilu-
tions (+1) were considered to be in essential agreement. Isolates
were classified as resistant according to updated EUCAST break-
points (2020) to calculate categorical agreement.!® Errors were
defined as very major (false susceptibility) or major (false resis-

tance) considering visual reading as the gold standard.

Overall, visual MIC reading and > 90% endpoint spec-
trophotometric MIC readings of azoles and amphotericin B
showed high essential (96.6%) and categorical (99.5%) agree-
ments, in both cases higher against A. fumigatus sensu stricto
than against cryptic species. The following essential agree-
ments for individual drugs were obtained: amphotericin B,
99.1%, isavuconazole, 97.5%, voriconazole, 97%, posacona-
zole, 95.9%, and itraconazole, 93.3% (Table 1). Visual inspec-
tion and the two tested spectrophotometric endpoints led to
equal modal MICs (Supplementary Table 1).

None of the isolates for which very major errors were de-
tected harbored relevant cyp$51A mutations. As expected, the re-
sistance rate was slightly lower when MICs were obtained using
the > 90% inhibition endpoint spectrophotometric reading. Cat-
egorical agreements for amphotericin B and itraconazole were
99.9%; very major errors (0.1% [n = 1]) occurred in a N. uda-
gawae isolate for both drugs (Table 2). Categorical agreement
for posaconazole was 99.4%; very major errors (0.6% [n = 5])
occurred in five cryptic species isolates (N. #surutae, n = 2; N.
udawagae, n = 1; A. lentulus, n = 1; A. fumigatiaffinis,n = 1)
(Table 2). Categorical agreement for voriconazole was 98.8%;
very major errors (0.9% [n = 8]) were found in A. fumigatus
sensu stricto isolates (n = 6) and in two N. udagawae isolates,
and major errors (0.2% [n = 2]) occurred in two A. fumiga-
tus sensu stricto isolates (Table 2). Most voriconazole misclassi-
fications (9/10) were associated with MIC results falling in the
area of technical uncertainty (ATU) (MIC = 2 mg/liter). Categor-
ical agreement for isavuconazole was 99.3%; very major errors
(0.7% [n = 6]) occurred in three A. fumigatus sensu stricto iso-
lates with MIC resules falling in the ATU and in three cryptic
species isolates (two N. udagawae and one A. fumigatiaffinis),
two of them with MIC results falling in the ATU (Table 2).

When MICs
using cither of both fungal growth inhibition endpoints

comparing spectrophotometric obtained
(=90% and = 95%), categorical agreement was the same
for A. fumigatus sensu stricto; there was only disagreement
in one isolate that showed a major error in voriconazole with
the > 95% inhibition endpoint, and was correctly classified as
susceptible using the > 90% inhibition endpoint. In contrast,
the use of the > 90% inhibition endpoint resulted in lower
categorical agreements against cryptic species and led to the fol-
lowing very major errors: one in amphotericin B (N. udagawae),
one in itraconazole (N. udagawae), and five in posaconazole
(one N. udagawae, two N. tsurutae, one A. lentulus, and one A.
fumigatiaffinis). No errors with voriconazole and isavuconazole
against cryptic species were found (Table 1).

We have expanded our previous observations on the suit-
ability of spectrophotometric readings to obtain azole and am-
photericin B MICs following EUCAST methodology.® Overall,
>90% and = 95% inhibition endpoints showed high agreements
with visual readings against A. fumigatus sensu stricto isolates;
few very major errors (false susceptibility) were found in isolates

with voriconazole MIC values falling in the ATU, none of them
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harboring relevant cyp351A gene mutations. As expected, a less
stringent endpoint led to a decrease in the number of voricona-
zole major errors (false resistance) compared to the = 95% inhi-
bition endpoint.® In contrast, we observed an increase (ampho-
tericin B, itraconazole, posaconazole) or similar (voriconazole
and isavuconazole) number of very major errors for the > 90%
inhibition endpoint against cryptic species isolates. Spectropho-
tometric readings can be used to screen for the presence of azole-
resistant A. fumigatus sensu lato isolates that should be inspected
visually to rule in (or out) resistance.

In conclusion, and in light of our results, either > 90%
or > 95% inhibition endpoints are equally suitable for azoles
and amphotericin B spectrophotometric MIC readings against A.
fumigatus sensu stricto and pose an alternative to EUCAST vi-
sually obtained MICs. However, the > 95% inhibition endpoint

should be recommended against cryptic species.

Supplementary material

Supplementary material is available at MMYCOL online.
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CAPITULO II: Evaluacién y simplificacion del método de placas de agar con
azoles (EUCAST E. Def 10.1) para la deteccion de cepas de A. fumigatus

resistentes a azoles.

Articulo 3: Azole-Resistant Aspergillus fumigatus Clinical Isolate
Screening in Azole-Containing Agar Plates (EUCAST E.Def 10.1): Low

Impact of Plastic Trays Used and Poor Performance in Cryptic Species

Alternativamente a la microdilucién en caldo, las placas de agar que contienen
azoles pueden utilizarse para detectar de forma rutinaria la resistencia en A. fumigatus.
Las placas de agar con azoles disponibles en el mercado (VIPcheck®, BovenlLeeuwen,
Paises Bajos) han demostrado ser Utiles para detectar la presencia de cepas de A.
fumigatus resistentes a azoles. Sin embargo, en muchos paises no se dispone de placas
comerciales y es necesario preparar placas caseras para aplicar este procedimiento.
Hasta la fecha, no se ha evaluado el impacto del tipo de placas utilizadas en el
rendimiento del método de cribado en agar de la resistencia a los azoles y no se han

analizado las especies cripticas.

El objetivo de este articulo fue evaluar el impacto del tipo de pldstico utilizado para
preparar placas de agar con azoles en el rendimiento del procedimiento EUCAST E.Def

10.1.

Se incluyeron 91 cepas de A. fumigatus sensu stricto (n=36 resistentes a azoles) y 52
especies cripticas (n=47 resistentes a azoles), clasificadas como sensibles o resistentes,

segun el procedimiento EUCAST E. Def 9.3.2 y los puntos de corte clinicos v10.

Se prepararon placas de agar que contenian azoles siguiendo el procedimiento
EUCAST E. Def 10.1 en tres tipos de placas multipocillo: placas tratadas (marcas Nunc®y
Labclinics®), y placas no tratadas (marca Nunc®). Se evaludé la sensibilidad, la
especificidad, y los valores de acuerdo categérico de las placas de agar para detectar

resistencia a azoles.

En general, para A. fumigatus sensu stricto, los valores de sensibilidad y

especificidad del método de deteccidon con agar fueron del 100% y 93,3%,
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respectivamente. El tipo de placa utilizada no afectd a estos valores. Todas las cepas con
las sustituciones TR34-L98H fueron clasificadas como resistentes a itraconazol vy
voriconazol por el método de agar; sin embargo, la falsa sensibilidad a posaconazol no
fue infrecuente y ocurridé en cepas con CMI de posaconazol de 0,25 mg/L. Las cepas con
sustituciones G54R y TR46-Y121F-T289A fueron correctamente clasificadas por el método
de agar como resistentes a itraconazol/posaconazol y voriconazol, respectivamente. Se
detectd falsa resistencia en cepas que mostraban un crecimiento minimo. Por el
contrario, en las especies cripticas, la sensibilidad y la especificidad global fue mucho

menor, del 82,2% y 53,3%, respectivamente.

En conclusion, las placas de agar que contienen azoles demostraron ser un método
fiable y facil de usar para la busqueda de resistencia a azoles en A. fumigatus sensu
stricto; el tipo de plastico de las placas utilizado afecté minimamente al método. Por el

contrario, la realizacion del método en especies cripticas no mostré buenos resultados.
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Azole-Resistant Aspergillus fumigatus Clinical Isolate Screening
in Azole-Containing Agar Plates (EUCAST E.Def 10.1): Low
Impact of Plastic Trays Used and Poor Performance in Cryptic
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ABSTRACT Azole-containing agar is used in routine Aspergillus fumigatus azole re-
sistance screening. We evaluated the impact of the type of plastic used to prepare
in-house agar plates on the procedure’s performance against A. fumigatus sensu
stricto and cryptic species. A. fumigatus sensu stricto (n=91) and cryptic species
(n=52) were classified as susceptible or resistant (EUCAST E.Def 9.3.2; clinical break-
points v10). In-house azole-containing agar plates were prepared following EUCAST
E.Def 10.1 on three types of multidish plates. We assessed the sensitivity, specificity,
and agreement values of the agar plates to screen for azole resistance. Overall, sensi-
tivity and specificity values of the agar screening method were 100% and 93.3%,
respectively. The type of tray used did not affect these values. All isolates harboring
TR,,-L98H substitutions were classified as resistant to itraconazole and voriconazole
by the agar method; however, false susceptibility (very major error) to posaconazole
was not uncommon and happened in isolates with posaconazole MICs of 0.25 mg/li-
ter. Isolates harboring G54R and TR,-Y121F-T289A substitutions were correctly classi-
fied by the agar method as itraconazole/posaconazole resistant and voriconazole re-
sistant, respectively. False resistance (major error) occurred in isolates showing tiny
fungal growth. Finally, agreements between both procedures against cryptic species
were much lower. Azole-containing agar plates are a convenient and reliable tool to
screen for resistance in A. fumigatus sensu stricto; the type of plastic tray used mini-
mally affects the method. On the contrary, the performance against cryptic species is
rather poor.

KEYWORDS Aspergillus fumigatus, EUCAST E.Def 10.1, agar plates, azoles, resistance

zole resistance in Aspergillus fumigatus is an emerging global problem (1-4).

Patients infected by azole-resistant A. fumigatus isolates are likely to experience a
poor outcome (5, 6). Azole resistance detection may allow for better care to patients
with aspergillosis; therefore, clinical microbiology laboratories should conduct antifun-
gal susceptibility testing against A. fumigatus on a routine basis (7). Broth microdilution
methods are the gold standard for antifungal susceptibility testing. The European
Committee on Antimicrobial Susceptibility Testing (EUCAST) has developed a method
(E.Def 9.3.2) to assess the MIC of antifungals against A. fumigatus; MIC interpretation
can be done through clinical breakpoints (8). Unfortunately, microdilution procedures
are time consuming and technically demanding, which may hamper antifungal suscep-
tibility testing from being widely available in clinical microbiology laboratories.
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Alternatively, azole-containing agar plates can be used to routinely detect azole re-
sistance in A. fumigatus in clinical mycology laboratories. The procedure is based on
the ability of azole-resistant isolates to grow on azole-containing (itraconazole, vorico-
nazole, posaconazole, and a drug-free well) agar plates. Commercially available azole-
containing agar plates (VIPcheck, BovenLeeuwen, The Netherlands) have proven useful
in screening for the presence of environmental and clinical azole-resistant A. fumigatus
isolates (1, 9-14). A multicenter validation of the method using VIPcheck and in-house
plates allowed EUCAST to develop a definitive method (E.Def 10.1; termed “agar
screening method” from now on) and implement the procedure for routine use (11,
12, 15). Since commercial plates are not available in many countries, preparation of in-
house plates is necessary to apply this procedure. The type of plastic used to prepare
plates proved to have an impact on the obtained MICs against Candida using microdi-
lution procedures, probably as a consequence of drug binding on the surface of the
plastic tray (16, 17). To the best of our knowledge, the impact of the trays used on the
performance of the azole resistance agar screening method has not yet been assessed.
Moreover, the limited number of studies evaluating the performance of the agar
screening method were mostly carried out in laboratories located in Northern Europe.
Finally, A. fumigatus cryptic species were not tested. The objective of this work is to
evaluate the performance of the E.Def 10.1 agar screening method to detect azole re-
sistance in clinical A. fumigatus sensu stricto and cryptic species isolates collected in
Spain in a laboratory in Madrid, Spain. Moreover, we aim to assess the impact of using
different types of plastic trays to prepare the azole-containing agar plates.

RESULTS

Overall agreement between microdilution and the agar screening method.
Drug resistance, as per the microdilution method and using the EUCAST breakpoints,
was 39.2% for itraconazole, 54.5% for voriconazole, and 41.3% for posaconazole. MIC
distributions of the three azoles against the isolates studied are shown in Table 1S in
the supplemental material. The following categorical agreements between microdilu-
tion and the agar screening method were obtained for the three different types of
plastic plates and pooling the results from the three azoles: for A. fumigatus sensu
stricto (Nunc tissue-treated plates, 89.4%; Nunc nontissue-treated plates, 89.7%;
Labclinics tissue-treated plates, 89%) and for the cryptic species (Nunc tissue-treated
plates, 67.9%; Nunc nontissue-treated plates, 67.3%; Labclinics tissue-treated plates,
68.6%). In general, the three types of trays showed very similar performances. Growth
patterns of the studied isolates on azole-containing wells are presented in Table 1.
Overall, sensitivity (number of resistant isolates able to grow in any azole-containing
well/all resistant isolates) and specificity (number of susceptible isolates unable to
grow in all azole-containing wells/all susceptible isolates) values of the agar screening
method testing the three different types of plastics were the following for A. fumigatus
sensu stricto: Nunc tissue-treated plates, 100% and 94.5%; Nunc nontissue-treated
plates, 100% and 96.4%; and Labclinics tissue-treated plates, 100% and 89.1%. For the
cryptic species, the following values were obtained: Nunc tissue-treated plates, 80.8%
and 60%; Nunc nontissue-treated plates, 80.8% and 60%; and Labclinics tissue-treated
plates, 85.1% and 40%. Table 2 shows the categorical agreement between the E.Def
9.3.2 and E.Def 10.1 methods and sensitivity and specificity values of the agar screen-
ing method obtained for each type of plastic tray.

Agreement between microdilution and the agar screening method for
itraconazole. Categorical agreement (95.6% to 98.9%), sensitivity (100%), and specific-
ity (93.1% to 98.3%) values of the agar plates to screen for itraconazole resistance were
invariably high against A. fumigatus sensu stricto (Table 2). The classification of A. fumi-
gatus sensu stricto isolates as per the microdilution method and the ability or failure to
grow on itraconazole agar-containing plates are shown in Figure 1a to c. Itraconazole
resistance was detected with the agar screening method in all resistant isolates tested,
including those harboring TR;,-L98H and G54R substitutions, and most showed promi-
nent fungal growth (scoring of =2); all isolates with an itraconazole MIC of =4 mg/liter
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TABLE 1 Number of Aspergillus fumigatus sensu stricto isolates with different growth patterns on azole-containing plates

Growth on azole-containing agar plates

Azole-resistant isolates

TR,;-Y121F- Other cyp51A Wild-type

TR;,-L98H G54R T289A mutations cyp51Agene Azole susceptible
Type of plate Itraconazole Voriconazole Posaconazole (n=24) (n=5) (n=1) (n=2) (n=4) isolates (n=55)
Nunc tissue-treated No No No 0 0 0 0 0 52
plates Yes No No 0 0 0 1 0 2t
Yes Yes No 20 0 0 1 2 0
Yes No Yes 0 4 0 0 0 0
Yes Yes Yes 4 1¢ 0 0 0 0
No Yes No 0 0 1 0 2 1%
No Yes Yes 0 0 0 0 0 0
Nunc nontissue- No No No 0 0 0 0 0 53
treated plates Yes No No 0 0 0 1 0 0
Yes Yes No 19 0 0 1 2 18
Yes No Yes 0 4 0 0 0 0
Yes Yes Yes 5 1¢ 0 0 0 0
No Yes No 0 0 1 0 2 1%
No Yes Yes 0 0 0 0 0 0
Labclinics tissue- No No No 0 0 0 0 0 49
treated plates Yes No No 0 0 0 1 0 4°
Yes Yes No 17 0 0 1 2 0
Yes No Yes 0 4 0 0 0 0
Yes Yes Yes 7 1¢ 0 0 0 0
No Yes No 0 0 1 0 2 12
No Yes Yes 0 0 0 0 0 10
“lsolate harboring a G54R substitution that grew on voriconazole-containing agar.
bAzole-susceptible isolates that grew on azole-containing agars.
showed a growth score of =1 (Table 3). The few major errors found (n=6, 1.1% to
4.4%) occurred in isolates with MICs between 0.25 and 0.5 mg/liter that showed fungal
growth with a scoring of 0.5 (Fig. 2a, Table 3, and Table 3S).
Categorical agreement (67.3% to 69.2%), sensitivity (73.9% to 78.3%), and specificity
(62.1% to 65.5%) values of the agar plates to screen for itraconazole resistance were
much lower against cryptic species. Very major errors (9.6% to 11.5%) were not neces-
sarily restricted to a given species (A. lentulus [n=2], A. felis [n=2], A. novofumigatus
[n=1], and A. fumigatiaffinis [n=2]) (Table 2S). Major errors (19.2% to 21.1%) were
TABLE 2 Categorical agreements between the agar screening and microdilution methods
A. fumigatus sensu stricto % (no.) Cryptic species % (no.)
Categorical Categorical
Drug and type of plate agreement® VME® ME S Sp agreement VME ME S Sp
Itraconazole
Nunc tissue-treated plates 978 0 22(n=2) 100 966 69.2 11.5(n=6) 192(n=10) 739 655
Nunc nontissue-treated plates  98.9 0 1.1(h=1) 100 983 692 9.6 (n=5) 211(n=11) 783 62.1
Labclinics tissue-treated plates  95.6 0 44(n=4) 100 93.1 673 11.5(n=6) 211 (h=11) 739 621
Voriconazole
Nunc tissue-treated plates 96.7 1.1(n=1) 22(n=2) 968 967 7838 19.2(n=10) 1.9(n=1) 787 80
Nunc nontissue-treated plates ~ 95.6 1.1{n=1) 33(n=3) 968 95 711 25(n=13) 38(n=2) 723 60
Labclinics tissue-treated plates  95.6 1.1(n=1) 33(n=3) 968 95 78.8 173 (n=9) 38(n=2) 80.9 60
Posaconazole
Nunc tissue-treated plates 73.6 264 (n=24) 0 273 100 558 365(n=19) 7.7(n=4) 269 846
Nunc nontissue-treated 747 253((n=23) 0 303 100 615 327(nh=17) 58(n=3) 346 885
Labclinics tissue-treated plates  75.8 231(n=21) 11(n=1) 364 983 596 30.8(n=16) 9.6(n=5) 385 80.8

“lsolates were classified as resistant as per the updated 2020 EUCAST breakpoints. The endpoints were in categorical agreement when the results were in the same

susceptibility category.

bME, major error (false resistance); S, sensitivity; Sp, specificity; VME, very major error (false susceptibility).
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FIG 1 Number of Aspergillus fumigatus sensu stricto isolates falling in each MIC value according to the E.Def 9.3.2
method with (bars above the x axis) or without (bars below the x axis) fungal growth on agar plates containing
itraconazole (a to c), voriconazole (d to f), and posaconazole (g to i). Susceptible isolates are depicted in green, and
resistant isolates are depicted in other colors depending on the cyp57A gene mutation. Samples were obtained from

isolates inoculated on Nunc tissue-treated plates (a, d, and g), Nunc nontissue-treated plates (b, e, and h), and
Labclinics tissue-treated plates (¢, f, and i).
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FIG 1 Continued

found in 12 isolates with MICs between 0.25 and 1 mg/liter (Fig. 2b and Table 35). All
isolates showed fungal growth with scorings of =1, regardless of their itraconazole
MIC (Fig. 3a to o).

Agreement between microdilution and the agar-containing plate method for
voriconazole. Categorical agreement (95.6% to 96.7%), sensitivity (96.8%), and specificity
(95% to 96.7%) values of the agar plates to screen for voriconazole resistance were high
against A. fumigatus sensu stricto (Table 2). Figure 1d to f show the classification of A. fumi-
gatus sensu stricto isolates as per the microdilution method and the ability or failure to
grow on voriconazole agar-containing plates. All isolates harboring TR;,-L98H and TR,¢-
Y121F-T289A substitutions were correctly classified as voriconazole resistant by the agar
screening method, and most showed fungal growth with scorings between 1 and 2; most
isolates with a voriconazole MIC of =2 mg/liter showed fungal growth with scorings of =1
(Fig. 2b and Table 3). Very major error (1.1%) occurred exclusively in an isolate with a MIC
of 2mg/liter harboring an F165L mutation with dubious correlation with azole resistance
(Table 2S). Major errors (2.2% to 3.3%) occurred in four isolates harboring a G54 mutation,
the F46Y-M172V-E427K mutations, or the cyp51A wild-type gene (n=2), with a MIC of
0.5 mg/liter and with fungal growth scores between 0.5 and 1 (Fig. 2c and Table 3S).

Categorical agreement (71.1% to 78.8%), sensitivity (72.3% to 80.9%), and specificity
(60% to 80%) values of the agar plates to screen for itraconazole resistance were much
lower against cryptic species. Very major errors were not restricted to a given cryptic
species (A. lentulus [n=6], A. fumigatiaffinis [n=2], A thermomutatus [n=1],
Neosartorya tsurutae [n= 11, N. udagawae [n= 2], and N. fischeri [n=3]) (Table 25). Few
major errors were found (1.9% to 3.8%) and occurred in isolates with voriconazole
MICs between 0.25 mg/liter and 1 mg/liter that showed fungal growth scores from 0.5
to 1 (Fig. 3d to f and Table 3S); the remainder of the isolates showed fungal growth
scores of =2.
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FIG 2 Example of major errors (false resistance) detected for itraconazole-susceptible (a; isolate code
6142) and voriconazole-susceptible (c; isolate code 6430) Aspergillus fumigatus sensu stricto isolates
and for an itraconazole-susceptible Neosartorya udagawae isolate (b; isolate code 6158). Fungal
growth was observed for all isolates on agar wells with a scoring of 0.5 or 1. Wells in the plates
contained itraconazole (4 mg/liter; well 1), voriconazole (2 mg/liter; well 2), posaconazole (0.5 mg/liter;
well 3), and no azole (growth control; well 4). The A. fumigatus sensu stricto isolate 6430 harbored the
G54R mutation. Images of the isolates inoculated on Labclinics tissue-treated trays were obtained.

Agreement between microdilution and the agar-containing plate method for
posaconazole. Posaconazole-containing agar plates showed the lowest categorical
agreement (73.6% to 75.8%) and sensitivity (27.3% to 36.4%) but the highest specificity
values (98.3% to 100%) to screen for resistance against A. fumigatus sensu stricto (Table 2).
Figure 1g to i show the classification of A. fumigatus sensu stricto isolates as per the micro-
dilution method and the ability or failure to grow on posaconazole agar-containing
plates. Fungal growth patterns in each well are shown in Figure 4. All isolates harboring
G54R substitutions were correctly classified as posaconazole resistant and showed promi-
nent fungal growth (scoring of 2 to 3) (Fig. 4c and Table 3). All isolates with fungal growth
scoringsof =1 had a posaconazole MIC of =4 mg/liter. A large number of very major
errors (23.1% to 26.4%) were found (n=3, MIC of 0.25 mg/liter; =19, MIC of 0.5 mg/liter;
n=3, MIC of 1 mg/liter), and many (n=21/24) were observed in isolates harboring TR,
L98H substitutions (Table 2S). A major error was identified in an isolate with a posacona-
zole MIC of 0.06 mg/liter that showed fungal growth with a scoring of 0.5 (Table 35).

Categorical agreement (55.8% to 61.5%), sensitivity (26.9% to 38.5%), and specificity
(80.8% to 88.5%) values of the agar plates to screen for posaconazole resistance were
lower against cryptic species. All isolates showed fungal growth with scorings of =1
(Fig. 3g to i). Very major errors were not restricted to a given species (A. lentulus, n=4;
A. felis, n=2; A. novofumigatus, n=7; A. fumigatiaffinis, n=3; N. tsurutae, n=2; and N.
udagawae, n=1) and occurred in isolates with posaconazole MICs of 0.25mg/liter
(n=7), 0.5 mg/liter (n=6), or 1 mg/liter (n=6) (Table 2S). All major errors (5.8% to 9.6%)
occurred in isolates with posaconazole MICs between 0.06 mg/liter and 0.25 mg/liter
that showed fungal growth with scores between 0.5 and 1 (Table 35).

DISCUSSION
There are high agreements between broth microdilution and the agar screening
method for itraconazole and voriconazole against A. fumigatus sensu stricto isolates.
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FIG 3 Number of cryptic species isolates falling in each MIC value according to the E.Def 9.3.2 method and showing
fungal growth with scorings of 0, 0.5, 1, 2, or 3 on agar plates containing itraconazole (a to c), voriconazole (d to f),
and posaconazole (g to i). Isolates with or without fungal growth on the agar plates are represented as bars above
and below the x axis, respectively. Scores obtained from Nunc tissue-treated plates (a, d, and g), Nunc nontissue-
treated plates (b, e, and h), and Labclinics tissue-treated plates (c, f, and i) are shown.

The type of plastic hardly affects the results. By contrast, agreements between the
tested procedures against cryptic species are much lower.

A. fumigatus resistance is an emerging problem worldwide, and countries are
affected to variable degrees (6). More specifically, azole resistance rates are on the rise
according to a recent Spanish survey (4). Mortality rates in patients infected by azole-
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FIG 3 Continued

resistant A. fumigatus are significantly higher than in subjects infected by azole-suscep-
tible isolates (5, 6).

In this scenario, strategies to enable early detection of azole resistance in A. fumiga-
tus clinical isolates are key. The microdilution gold standard EUCAST E.Def 9.3.2 proce-
dure is technically demanding, and its routine use in many microbiology laboratories
may not be possible. We recently showed that spectrophotometric azole MIC readings
were rather similar to visual inspection, which may minimize variability in terms of MIC
settings (18). However, this is insufficient to bring the EUCAST microdilution methodol-
ogy to the doorstep of clinical microbiology laboratories. To date, commercial methods
for antifungal susceptibility testing against Aspergillus spp., to be used on a daily basis
in a clinical microbiology laboratory, have not been officially well validated. Previous
evaluations of Sensititre YeastOne and Etest against A. fumigatus showed variable
results. Moreover, studies reporting the highest categorical agreements with broth
microdilution reference methods examined a low number of mutant isolates and
excluded cryptic species (19-22). Thus, antifungal susceptibility testing against molds
is either not performed or outsourced to referral laboratories with the consequent
delay in result reporting.

Azole-containing agar plates are a convenient tool that may help overcome the
above-discussed limitations. Two previous studies report excellent performance of az-
ole-containing plates to spot resistant isolates and with high correlation with the
EUCAST microdilution method (11, 12). In both studies, commercially available
VIPcheck plates (plus in-house plates in one study) were tested. The performance of
the procedure to screen for azole resistance in cryptic species has not yet been studied.
Furthermore, the impact of using different trays to prepare in-house plates has not
been assessed. EUCAST has recently updated azole breakpoints against A. fumigatus
sensu lato to accommodate the concept of the area of technical uncertainty (ATU) and
the new category of “Susceptible, increased exposure” (8).

Here, we confirm the good performance of azole-containing plates to screen for the
presence of azole resistance in A. fumigatus sensu stricto in a clinical microbiology
department of a hospital located in the South of Europe. The resistance pattern is eas-
ily inferred from the growth on azole-containing agar wells (Table 1). Azole-resistant A.
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P

FIG 4 Growth pattern and score of azole-resistant A. fumigatus sensu stricto isolates harboring the
following cyp51A gene substitutions: F165L (a), TR,.-Y121F-T289A (b), G54R (c), and TR,,-L98H (d).
Wells in the plates contained itraconazole (4 mg/liter; well 1), voriconazole (2mg/liter; well 2),
posaconazole (0.5 mg/liter; well 3), and no azole (growth control; well 4).

[

fumigatus sensu stricto isolates are, in all cases, correctly classified as such by using itra-
conazole-containing agar. According to our results, TR;,-L98H substitutions can be sus-
pected in isolates growing on itraconazole- and voriconazole-containing agars, G54
mutations can be suspected in isolates growing on posaconazole- and itraconazole-
containing agars, and TR,.-Y121F-T289A substitutions can be suspected in isolates
growing exclusively on voriconazole-containing agar plates. Finally, the type of plastic
trays used does not affect sensitivity and specificity values. Very major errors occur just
with voriconazole (1.1%) in an isolate with an MIC falling in the ATU (2 mg/liter) and
that does not harbor a mutation that clearly correlates to azole resistance. The ATU cor-
responds to a MIC value at which the categorization is doubtful due to an overlap
between wild-type isolates and mutant isolates, as recently shown (4). By contrast, the
number of very major errors with posaconazole is high and may be due to the concen-
tration of the drug in the agar plate (0.5 mg/liter), higher than the revised EUCAST pos-
aconazole breakpoint (0.25 mg/liter, coinciding with the ATU). The E.Def 10.1 method
was developed using concentrations of drugs according to the breakpoints in use at
that moment. However, such high concentration of drug in the well seems to be too
high, which is confirmed by the high number of isolates with TR;,-L98H substitutions
showing low levels of posaconazole resistance unable to grow on posaconazole-con-
taining plates. Lower posaconazole concentration in agar plates (0.25 mg/liter) may
increase major errors but may also reduce very major errors in terms of detection of
low-level posaconazole-resistant TR;,-L98H isolates. The posaconazole agar well may
be skipped since posaconazole-resistant isolates were able to grow on itraconazole-
containing plates; however, the growth pattern on posaconazole and itraconazole
agar-containing plates is helpful to suspect the presence of an isolate harboring the
G54 cyp51A gene substitution.

Major errors with itraconazole and voriconazole only occur in a few isolates (1.1%
to 4.4%) that show tiny fungal growth (scoring of 0.5 to 1) on azole-containing agars.
By contrast, all isolates harboring relevant substitutions (TR;,-L98H, G54R, and TR,4-
Y121F-T289A) grow vigorously on itraconazole- and voriconazole-containing plates, in
line with their susceptibility profile as per the microdilution method. Vigorous growth
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must raise the alarm about the presence of truly resistant isolates, whereas tiny fungal
growth may imply false resistance. We recommend confirmatory microdilution meth-
ods in isolates that grow on azole-containing plates, regardless of the extent of fungal
growth.

Performance of azole-containing agar plates is much lower against cryptic species
isolates; voriconazole-containing agar wells show the highest values of sensitivity
against these infrequent species. Weak growth (scoring of 0.5 to 1), more frequently
seen on itraconazole-containing plates, was observed for azole-susceptible cryptic
species.

The present study is limited by the fact that only one of the studied isolates har-
bored the TR,,-Y121F-T289A substitutions, and other mutations were not tested.
Lower concentrations of posaconazole may improve the performance of this drug in
agar plates.

We conclude that the azole-containing agar plate method, regardless of the type of
plastic tray, is a convenient screening method to differentiate between azole-suscepti-
ble and azole-resistant clinical A. fumigatus sensu stricto isolates. By contrast, for cryptic
species isolates, the azole susceptibility pattern is poorly inferred from their growth on
agar-containing plates. Further studies, including resistant isolates with a wider range
of mutations and testing lower concentrations of posaconazole in the agars, are
warranted.

MATERIALS AND METHODS

Isolates studied. A. fumigatus sensu lato isolates (n=143) comprising A. fumigatus sensu stricto
(azole-resistant isolates [n=36] and azole-susceptible isolates [n=55]) and cryptic species (azole-resist-
ant isolates [n=47] and azole-susceptible isolates [n =5]) from a survey recently conducted in Spain and
from patients cared for at Gregorio Marafién hospital were studied (Table 15) (4). Identification of iso-
lates was carried out using a Microflex LT matrix-assisted laser desorption ionization-time of flight
(MALDI-TOF) spectrometer (Bruker Daltonics, Bremen, Germany); molecular testing was additionally
used to identify cryptic species (n=52) and azole-resistant A. fumigatus sensu stricto isolates (n=36) (4,
23). Azole-resistant A. fumigatus sensu stricto had the following cyp57A gene mutations: TR,,-L98H
(n=24), G54R (n=5), TR,-Y121F-T289A (n=1), F46Y-M172V-N248T-D255E-E427K (n=1), F165L (n=1),
and wild-type cyp51A gene (n=4). Cryptic species isolates included Aspergillus felis (n = 2), Aspergillus len-
tulus (n=13), Aspergillus fumigatiaffinis (n=7), Neosartorya tsurutae (n= 3), Neosartorya udagawae (n=7),
Aspergillus novofumigatus (n=8), Aspergillus viridinutans (n=2), Neosartorya fischeri (n=8), Neosartorya
hiratsukae (n=1), and Aspergillus thermomutatus (n=1).

EUCAST antifungal susceptibility testing, broth microdilution (E.Def 9.3.2), and agar screening
method (E.Def 10.1). Antifungal susceptibility of the isolates to itraconazole, voriconazole, and posaco-
nazole (Sigma-Aldrich, Madrid, Spain) was determined following the EUCAST E.Def 9.3.2 procedure and
using tissue-treated trays (CELLSTAR, 655 180, Greiner Bio-One, Frickenhausen, Germany) (24). The ino-
culated trays were incubated at 35°C, and MICs were obtained after 48 h with a visual endpoint determi-
nation. Isolates were classified as susceptible or resistant according to EUCAST breakpoints (v10) (8).
Interpretation of MICs falling in the area of technical uncertainty (ATU) for the three azoles, defined in
the updated breakpoints, was done as follows: itraconazole and voriconazole (MIC =2 mg/liter, always
considered resistant) and posaconazole (MIC = 0,25 mg/liter, considered resistant only if the isclate was
also itraconazole resistant).

The agar screening method was conducted according to EUCAST E.Def 10.1 (15). Three different
multidish plate types were used: tissue-treated plates (Nunc 2688746, Sigma-Aldrich, Madrid,
Spain; Labclinics, PLC30004, Labclinics, SA, Barcelona, Spain) and nontissue-treated plates (Nunc
2688754, Sigma-Aldrich, Madrid, Spain). The inoculated plates were incubated at 35°C, and visual
inspection of fungal growth was assessed after 48 h. Isolates were classified as susceptible (when
fungal growth was only observed on the antifungal-free well) or as “potentially” azole resistant
(when growth was observed on the antifungal-free well and in one or more azole-containing wells).
Patterns of fungal growth on each well are shown in Figure 4; fungal growth was scored as 0.5 (1 to
5 tiny colonies), 1 (more than 5 tiny colonies or weak growth where the agar was inoculated), 2
(clearly visible growth but less prominent than the control well), or 3 (prominent growth similar to
that in the control well).

Quality control was ensured by testing A. flavus ATCC 204304 and A. fumigatus ATCC 204305 isolates
(E.Def 9.3.2) and the isolates from the culture collection of the University of Gothenburg A. fumigatus
CCUG 74258/551-4524 (TR,,-L98H) and A. fumigatus CCUG 74259/55I-5586 (G54W) (E.Def 10.1) (8). For
the quality control isolates, MICs were within acceptable ranges and grew well (scoring of 3) on the anti-
fungal-free well of the agar procedure.

Data analysis. The E.Def. 9.3.2 broth microdilution procedure was considered the gold standard,
and categorical agreement with the agar screening method was carried out for each of the three types
of plastic plates assessed in this study. Errors were defined as very major (false susceptibility) when the
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gold standard method classified an isolate as resistant, and the agar screening method classified an iso-
late as susceptible. Errors were defined as major (false resistance) when the gold standard method cate-
gorized an isolate as susceptible, and the agar screening method classified an isolate as resistant. A.
fumigatus sensu stricto isolates leading to very major errors with itraconazole and/or voriconazole were
retested, and the cyp57A gene of isolates leading to major errors was sequenced. Finally, the overall per-
formance of the three types of plastic plates was evaluated by calculating sensitivity/specificity based
on the classification of the isolates as resistant/susceptible as per the EUCAST breakpoints (v10) for each
of the azoles (8). Sensitivity was defined as the probability that a resistant isolate grew in one or more
azole-containing wells; specificity was defined as the probability that a susceptible isolate did not grow
in any azole-containing well.

Ethical considerations. This study was approved by the Ethics Committee of Hospital Gregorio
Maranon (CEIm; study number 22/19).
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Articulo 4: Screening of azole resistance in Aspergillus fumigatus using
the EUCAST E.Def 10.2 azole-containing agar method: a single study
suggests that filtration of conidial suspensions prior to inoculum

preparation may not be needed

El filtrado de las suspensiones de conidias es un paso indispensable para la
preparacion del inéculo propuesto en el procedimiento EUCAST E. Def 10.2. En este
estudio, se evalud si omitir este paso antes del ajuste del indculo influia negativamente
en el rendimiento del método de agar con azoles para la deteccidn de resistencia a azoles

en A. fumigatus.

Se incluyeron 92 cepas de A. fumigatus sensu stricto, clasificados como sensibles o
resistentes a azoles segun el método de microdilucién E.Def 9.4 de EUCAST y los puntos
de corte clinicos v10. Las cepas resistentes a azoles tenian la secuencia del gen cyp51A
de tipo salvaje (n=3) o presentaron las siguientes substituciones: TR34-L98H (n=26), G54R
(n=5), TRas-Y121F-T289A (n=1), F46Y-M172V-N248T-D255E-E427K (n=1), F165L (n=1), y
G4438S (n=1). Se prepararon placas de agar caseras con azoles segun el procedimiento
EUCAST E.Def 10.2. Las suspensiones de conidias se obtuvieron afiadiendo agua
destilada con Tween 20 al 0,1%. Posteriormente se utilizaron dos tipos de suspensiones
antes de ajustar el indculo a 0,5 McFarland, filtradas o sin filtrar. Se evalud la
concordancia, sensibilidad y especificidad de las placas de agar inoculadas con los dos

tipos de suspensiones utilizando la microdilucion como método de referencia.

La concordancia para el método de deteccidn en agar con suspensiones de conidias
filtradas y no filtradas fue del 100% para itraconazol y voriconazol, y del 97,8% para
posaconazol. La sensibilidad y la especificidad del procedimiento para confirmar o
descartar resistencia cuando se usaron suspensiones no filtradas también fueron muy
elevadas, 100% y 98,2%, respectivamente. Las cepas que albergaban las sustituciones

TR34-L98H, G54R y TR46-Y121F-T289A fueron detectadas con el método modificado.

En conclusion, omitir la filtracion de las suspensiones de conidias no influyé
negativamente en el rendimiento del método E.Def 10.2 para la deteccion de la

resistencia a azoles en A. fumigatus sensu stricto.
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Abstract

Background: Azole resistance screening in Aspergillus fumigatus isolates can be rou-
tinely carried out by using azole-containing plates (E.Def 10.2 method), that requires
filtering conidial suspensions prior inoculum adjustment.

Objectives: We evaluated whether skipping the filtration step of conidial suspensions
negatively influences the performance of the E.Def 10.2.

Patients/Methods: A. fumigatus sensu stricto isolates (n = 92), classified as azole-
susceptible or azole-resistant according to the EUCAST microdilution E.Def 9.4
method, were studied. Azole-resistant isolates had either wild type cyp51A gene se-
quence (n = 3) or the TR;,-L98H (n = 26), G54R (n = 5), TR,,-Y121F-T289A (n = 1),
F46Y-M172V-N248T-D255E-E427K (n = 1), F165L (n = 1) or G448S (n = 1) cyp51A
gene substitutions. In-house azole-containing agar plates were prepared according
to the EUCAST E.Def 10.2 procedure. Conidial suspensions were obtained by adding
distilled water (Tween 20 0.1%). Subsequently, the suspensions were either filtered or
left unfiltered prior to inoculum adjustment to 0.5 McFarland. Using microdilution as
the gold standard, agreement, sensitivity and specificity of the agar plates inoculated
with two inoculums were assessed.

Results: Agreements for the agar screening method with either unfiltered or filtered
conidial suspensions were high for itraconazole (100%), voriconazole (100%) and
posaconazole (27.8%). Sensitivity (100%) and specificity (98.2%) of the procedure
to rule in or out resistance when unfiltered suspensions were used were also high.
Isolates harbouring the TR,,-L98H, G54R and TR,,-Y121F-T289A substitutions were
detected with the modified method.

Conclusions: Unfiltered conidial suspensions does not negatively influence the per-

formance of the E.Def 10.2 method when screening for A. fumigatus sensu stricto.

KEYWORDS
Aspergillus fumigatus, azole-containing plates, conidial suspensions, cyp51A gene EUCAST, E.
Def 10.2, resistance
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1 | INTRODUCTION

Azole resistance in Aspergillus fumigatus, an emerging global problem
spreading through many countries, is associated to a poor progno-
sis.I"* Consequently, screening for azole-resistant isolates should be
routinely donein clinical microbiology laboratories. Azole-containing
(itraconazole, voriconazole or posaconazole) agar plates are non-
MIC based procedures to screen for azole resistance in A. fumigatus.
The method lies on the ability of azole-resistant isolates to grow on
azole-containing agar plates.”” EUCAST has developed a procedure
(E.Def 10.2) to prepare in-house azole-containing plates.

E.Def 10.2 requires filtering conidial suspensions prior inocu-
lum adjustment, which takes time and increases laboratory work-
load.” The objective of this study is to evaluate whether skipping
conidial suspension filtration step affects the E.Def 10.2 procedure
performance.

2 | MATERIALS AND METHODS

2.1 | Isolates studied and antifungal susceptibility
testing using the broth microdilution method
(E.Def 9.4)

We selected a panel of A. fumigatus sensu stricto isolates (n = 92)
classified as azole-susceptible or azole-resistant. Isolates were ei-
ther collected in a survey recently conducted in Spain or were
stored in the Gregorio Marafidn hospital clinical isolate collection.’
Briefly, antifungal susceptibility of the isolates to itraconazole, vori-
conazole or posaconazole (Sigma-Aldrich, Madrid, Spain) had been
previously determined following the EUCAST E.Def 9.4 procedure
using tissue-treated trays (CELLSTAR® Ref. 655,180, Greiner bio-
one).? Isolates were classified as azole-susceptible or azole-resistant
according to EUCAST breakpoints (v10).? Interpretation of MICs fall-
ing in the area of technical uncertainty (ATU) for the three azoles
was done as follows: itraconazole and voriconazole (MIC = 2 mg/L,
always considered resistant), posaconazole (MIC = 0.25mg/L, con-
sidered resistant only if the isolate was also itraconazole-resistant).
Quality control was ensured by testing A. flavus ATCC 204304 and
A. fumigatus ATCC 204305. Azole-resistant isolates had either wild
type cyp51A gene sequence (n = 3) or the TR,,-L98H (n = 26), G54R
(n = 5), TR,,-Y121F-T289A (n = 1), F46Y-M172V-N248T-D255E-
E427K (n = 1), F165L (n = 1) or G448S (n = 1) cyp51A gene substitu-
tions. Azole-resistant isolates were retested.

2.2 | Azole-containing agar plate method (E.Def
10.2) using different conidial suspensions

The agar screening method was conducted according to EUCAST
E.Def 10.2 procedure
(Labclinics® tissue-treated plates).” Conidial suspensions were
prepared in distilled water (Tween 20 0.1%) and in parallel filtered

using home-made multi-dish plates

(Merck Millipore®, Nylon Net Filter 11.0 pm pore size) or left unfil-
tered prior to inoculum adjustment to 0.5 McFarland. The inoculated
plates were incubated at 35°C and visual inspection of fungal growth
was assessed after 48 h. Isolates were classified as susceptible
(when fungal growth was only observed in the antifungal-free well)
or as “potentially” azole-resistant (when growth was observed in the
antifungal-free well and one or more azole-containing wells). Quality
control was ensured by testing the isolates from the culture collec-
tion of the University of Gothenburg A. fumigatus CCUG 74258/SSI-
4524 (TR,,-L98H) and A. fumigatus CCUG 74259/551-5586 (G54wW).?

2.3 | Data analysis

The E.Def 9.4 broth microdilution procedure was considered the
gold standard. Comparisons of results obtained by using the gold
standard with those obtained using either unfiltered and filtered
conidial suspensions were made for the agar screening method
against individual azoles (categorical agreement). Errors were de-
fined as very major (false susceptibility) when the microdilution
procedure classified an isolate as resistant and the agar screening
method as susceptible, and as major (false resistance) when the
microdilution procedure categorised an isolate as susceptible and
the agar screening method as resistant. Moreover, overall per-
formance of the agar plates inoculated using either unfiltered or
filtered conidial suspensions to detect azole resistance (to any of
the three azoles tested) or rule out azole resistance (to the three
azoles tested) was evaluated by calculating the sensitivity {(proba-
bility that a resistant isolate grew in one or more azole-containing
wells) and specificity (probability that a susceptible isolate did not
grow in any azole-containing well).” The agar screening procedure
was re-conducted for isolates with categorical disagreements
(very major and major errors against itraconazole or voricona-
zole), or when discrepant results between the conidial suspen-
sions were found.

24 | ETHICS STATEMENT

This study was approved by the Ethics Committee of Hospital
Gregorio Marafién (CEIm; study no. 22/19).

3 | RESULTS

3.1 | Categorical agreement between E.Def 9.4 and
E.Def 10.2. Sensitivity and specificity of the E.Def
10.2 method using different conidial suspensions

Azole resistance screening on agar plates inoculated with unfiltered
vs. filtered suspensions yielded very high categorical agreement
for itraconazole (98.6% vs. 98.6%), voriconazole (97.8% vs. 97.8%)
and posaconazole (77.2% vs. 75%) (Table 1). Comparisons using
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unfiltered and filtered suspensions for itraconazole, voriconazole
and posaconazole were 100%, 100% and 97.8%. Sensitivity and
specificity values were 100% and 98.2% regardless the filtration of
the conidial suspension. All isolates harbouring TR,,-L98H substitu-
tions or G54R and TR,,-Y121F-T289A substitutions were correctly
classified by the agar screening method for unfiltered and filtered

suspensions.

TABLE 1 Categorical agreements

between the studied screening method on
azole-containing agar plates using filtered

and unfiltered conidia suspensions and Drug

compared to the E.Def 9.4 method
Itraconazole

Voriconazole

Posaconazole

Conidia
suspension
preparation

Unfiltered
Filtered
Unfiltered
Filtered
Unfiltered

3.2 | Very major and major errors, and
disagreements between unfiltered and filtered
conidial suspensions

Few very major errors were identified with itraconazole (1.1%; one
isolate with an MIC of 2 mg/L harbouring a G448S mutation found
in wells inoculated with either conidial suspension) and voriconazole

Errors

Categorical Very major (false Major (false
agreement susceptibility) resistance)
98.9% 11% (n=1) 0
98.9% 1.1% (n=1) 0
97.8% 11%(h=1) 11%(n=1)
97.8% 1.1% (n=1) 11%(n=1)
77.2% 22.8% (n=21) 0

Filtered 75% 25%(n=23) 0

TABLE 2 Very major errors (false susceptibility) and major errors (false resistance) found in the isolates tested using filtered or unfiltered

conidia suspensions

Isolate code cyp51A gene substitutions Errors
3917 G448S VME
6433 F165L VME
4728 TR,,-L98H VME
6118 TR,,-L98H VME
6293 TR,,-L98H VME
6308 TR,,-L98H VME
6317 TR,,-L98H VME
6319 TR,,-L98H VME
6371 TR,,-L98H VME
6374 TR,,-L98H VME
6390 TR,,-L98H VME
6393 TR,,-L98H VME
6402 TR,,-L98H VME
6407 TR,,-L98H VME
6414 TR,,-L98H VME
6422 TR,,-L98H VME
6432 TR,,-L98H VME
6444 TR,,-L98H VME
6503 TR,,-L98H VME
6639 TR,,-L98H VME
6878 TR,,-L98H VME
6884 TR,,-L98H VME
6964 TR,,-L98H VME
7057 F46Y5E-E427K ME

E.Def 9.4 visual reading (MIC, mg/L)/unfiltered inoculum agar
plates/filtered inoculum agar plates

Itraconazole Voriconazole Posaconazole

R(2)/5/5 R/R/R R(0.25)/5/S
R/R/R R(2)/5/5 R(0.5)/5/S
R/R/R R/R/R R(0.5)/5/S
R/R/R R/R/R R(0.5)/5/S
R/R/R R/R/R R(0.5)/S/S
R/R/R R/R/R R(0.5)/S/S
R/R/R R/R/R R(0.5)/5/5
R/R/R R/R/R R(1)/S/S
R/R/R R/R/R R(0.5)/5/S
R/R/R R/R/R R(0.5)/5/5
R/R/R R/R/R R(0.5)/5/5
R/R/R R/R/R R(0.5)/5/S
R/R/R R/R/R R(0.5)/5/5
R/R/R R/R/R R(0.5)/5/S
R/R/R R/R/R R(0.5)/5/S
R/R/R R/R/R R(0.25)/5/5
R/R/R R/R/R R(0.5)/R/S
R/R/R R/R/R R(0.5)/R/S
R/R/R R/R/R R(1)/5/5
R/R/R R/R/R R(1)/S/S
R/R/R R/R/R R(0.5)/5/S
R/R/R R/R/R R(0.5)/S/S
R/R/R R/R/R R(0.5)/5/5
5/5/S 5(0.5)/R/R S/S/5

Abbreviations: ME, major error; R, resistant; S, susceptible; VME, very major error.
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(1.1%; one isolate with an MIC of 2 mg/L harbouring a F165L mu-
tation found in wells inoculated with either conidial suspension). In
contrast, a large number of very major errors (n = 21, 22.8% and
n = 23, 25%) were found with posaconazole when conidial suspen-
sions were unfiltered or filtered, respectively. Very major errors were
found with posaconazole for unfiltered conidial suspensions in iso-
lates with MICs of 0.25mg/L (n = 2), 0.5 mg/L (h = 16), or 1 mg/L
(n = 3). Most isolates (h = 19) harboured the TR34-L98H substitution
and the remaining isolates the F165L and G448S mutations (Table 2).
Major errors were anecdotic and only occurred with voriconazole
(1.1%); one isolate harbouring the F46Y-M172V-N248T-D255E-
E427K polymorphism (MIC of 0.5 mg/L) grew slightly on plates inoc-
ulated with unfiltered and filtered conidial suspensions (Table 2). Due
to this major error, 100% specificity of the method was not achieved.

Discrepancies were only noted with unfiltered and filtered co-
nidial suspensions for posaconazole and when the filtered conidial
suspension was used with two isolates harbouring the TR,,-L98H

substitution.

4 | DISCUSSION

Performance of the azole-containing agar method for screening
azole resistance in A. fumigatus was not negatively influenced by
skipping conidial suspension filtration prior to inoculum adjustment.

The azole-containing agar plate method is a useful procedure that
may help routinely detect azole resistance in A. fumigatus in clinical
mycology laboratories.>*° However, the procedure takes time and its
day-to-day implementation slows down the laboratory workload. We
recently reported that the type of plastic tray used minimally affects
the performance of the E.Def 10.2 agar screening method.’ Here,
and in order to alleviate the laboratory workload, we studied whether
filtering conidial suspensions prior to inoculum preparation may be
skipped. Overall, we observe that sensitivity (100%) and specificity
(98.2%) of the agar screening method are high and remain unaffected
when plates are inoculated with unfiltered conidial suspensions, that
is in line with a previous study in which plates were inoculated with
unfiltered conidia suspensions and also reported high sensitivity and
specificity values (98% and 93%, respectively).®

We note few discrepancies when unfiltered conidial suspen-
sions are used for posaconazole and none for itraconazole and
voriconazole. Furthermore, skipping conidial suspension filtering
does not lead to errorsin the classification of isolates with TR, ,-L98H
substitutions (growing on itraconazole- and voriconazole-containing
agars), isolates with G54R mutations (growing on itraconazole- and
posaconazole-containing agars), or isolates with TR, ,-Y121F-T289A
substitutions (growing exclusively on voriconazole-containing agar
plates).

We conclude that skipping the filtration step of conidial sus-
pensions prior inoculum preparation does not negatively influence
the performance of the azole-containing agar plate method when
screening for the presence of azole-resistant clinical A. fumigatus
sensu stricto isolates.
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Articulo 5: Azole resistance screening in Aspergillus fumigatus sensu
stricto using the azole-containing agar method (EUCAST E. Def 10.2):
conidial suspension filtration and inoculum adjustment before inoculum

preparation may not be needed

El ajuste del indculo es otro paso indispensable del procedimiento EUCAST E.Def
10.2 En este estudio se evalud si omitir tanto el paso de filtracion como el de ajuste del
indculo influia negativamente en el rendimiento del procedimiento E.Def 10.2 para la

deteccidn de resistencia a azoles en A. fumigatus.

Se estudiaron 98 cepas de A. fumigatus sensu stricto, clasificadas como sensibles o
resistentes a azoles segun el método de microdilucién E.Def 9.4 de EUCAST y los puntos
de corte clinicos v10. Las cepas resistentes a azoles tenian la secuencia del gen cyp51A
de tipo salvaje (n=1), la sustitucion TRas-L98H (n=41), G54R (n=5), TRas-Y121F-T289A
(n=1) o la sustitucion G448S (n=1). Se prepararon placas de agar con azoles segln el
procedimiento EUCAST E.Def 10.2. Las suspensiones de conidias se obtuvieron
afladiendo agua destilada con Tween 20 al 0,1%. Posteriormente, las suspensiones se
filtraron y ajustaron al 0,5 McFarland, o se dejaron sin filtrar ni ajustar. Se evalud la
concordancia, sensibilidad y especificidad de las placas de agar inoculadas con los dos

inoculos utilizando la microdilucion como método de referencia.

La concordancia entre el método de deteccidén en agar con suspensiones de conidias
filtradas y ajustadas y no filtradas ni ajustadas fue del 99% para itraconazol, 100% para
voriconazol, y del 94,9% para posaconazol. La sensibilidad y la especificidad del
procedimiento para confirmar o descartar resistencia cuando se usaron suspensiones sin
filtrar ni ajustar fue del 100%. Las cepas que albergaban las sustituciones TR34-L98H,

G54R y TR46-Y121F-T289A fueron detectadas con el método modificado.

En conclusién, omitir la filtracidon y el ajuste del indculo de las suspensiones de
conidias no influyé negativamente en el rendimiento del método E.Def 10.2 para la

deteccion de la resistencia a azoles en A. fumigatus sensu stricto.
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Azole resistance screening in Aspergillus fumigatus sensu stricto
using the azole-containing agar method (EUCAST E.Def 10.2):
conidial suspension filtration and inoculum adjustment before

inoculum preparation may not be needed

Julia Serrano-Lobo,"? Elena Reigadas,'>** Patricia Mufoz,"*** Pilar Escribano,'** Jesus Guinea,"*** on behalf of the ASPEIN Study

Group
AUTHOR AFFILIATIONS See affiliation list on p. 8.

ABSTRACT Azole resistance screening in Aspergillus fumigatus sensu stricto can be
routinely carried out by using azole-containing agar plates (E.Def 10.2 procedure);
however, conidial suspension filtering and inoculum adjustment before inoculum
preparation are time-consuming. We evaluated whether skipping the filtration and
inoculum adjustment steps negatively influenced the performance of the E.Def 10.2
procedure. A. fumigatus sensu stricto isolates (n = 98), previously classified as azole
susceptible or azole resistant (E.Def 9.4 method), were studied. Azole-resistant isolates
had either the wild-type cyp571A gene sequence (n = 1) or the following cyp51A gene
substitutions: TR34-L98H (n = 41), G54R (n = 5), TR46-Y121F-T289A (n = 1), or G448S
(n = 1). In-house azole-containing agar plates were prepared according to the EUCAST
E.Def 10.2 procedure. Conidial suspensions obtained by adding distilled water (Tween 20
0.1%) were either filtered and the inocula adjusted to 0.5 McFarland or left unfiltered and
unadjusted. Agreements between the agar screening methods using inocula prepared
by each procedure were high for itraconazole (99%), voriconazole (100%), and posacona-
zole (94.9%). Sensitivity and specificity (considering the susceptibility category as per the
microdilution E.Def 9.4 method as the gold standard) of E.Def 10.2 were 100% to rule
in or rule out resistance when unfiltered and unadjusted suspensions were used; the
resistance phenotype of isolates harboring the TR34-L98H, G54R, or TR46-Y121F-T289A
substitutions was correctly detected. Unfiltered and unadjusted conidial suspensions do
not negatively influence the performance of the E.Def 10.2 method when screening for
azole resistance in A. fumigatus sensu stricto.

IMPORTANCE Azole resistance screening in Aspergillus fumigatus sensu stricto can be
routinely carried out by using azole-containing plates (E.Def 10.2 procedure); however,
conidial suspension filtering and inoculum adjustment before inoculation of plates are
time-consuming. We, here, showed that unfiltered and unadjusted conidial suspensions
do not negatively influence the performance of the E.Def 10.2 method when screening
for azole resistance in A. fumigatus sensu stricto.

KEYWORDS Aspergillus fumigatus, azole-containing plates, azole resistance, EUCAST,
detection, E.Def 10.2

Azole resistance in Aspergillus fumigatus, an emerging global problem spreading
across many countries, is associated with a poor prognosis (1-4). Consequently,

screening for azole-resistant isolates should be routinely performed in clinical micro-
biology laboratories. However, carrying out antifungal susceptibility testing in the
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clinical microbiology laboratory is hindered by the lack of feasible and easy-to-perform
procedures. Microdilution-based procedures are the gold standard for conducting
antifungal susceptibility testing in the clinical microbiology laboratory; however, they
are cumbersome and require expertise. In contrast, azole-containing (itraconazole,
voriconazole, or posaconazole) agar plates are non-MIC-based procedures to screen
for azole resistance in A. fumigatus that can fit into the routine clinical microbiology
laboratory. This procedure relies on the ability of azole-resistant isolates to grow on
azole-containing agar plates (5-7).

EUCAST has developed a procedure (E.Def 10.2) to prepare in-house azole-containing
plates and carry out the whole method in the clinical microbiology laboratory. E.Def
10.2 requires filtering and inoculum adjustment of conidial suspensions before agar plate
inoculation, which takes time and increases the laboratory workload (7). We recently
reported that using unfiltered conidial suspensions for inoculum adjustment does not
negatively influence the performance of the E.Def 10.2 method (8). This study aimed to
evaluate whether skipping the inoculum adjustment step also affects the performance of
the E.Def 10.2 procedure.

MATERIALS AND METHODS

Isolates studied and antifungal susceptibility testing using the broth
microdilution method (E.Def 9.4)

We selected a set of A. fumigatus sensu stricto isolates (n = 98) previously classified as
azole susceptible or azole resistant. Isolates were either collected in a survey recently
conducted in Spain or stored in the Gregorio Maranon Hospital's clinical isolate collection
(4). Briefly, antifungal susceptibility of the isolates to itraconazole, voriconazole, or
posaconazole (Sigma-Aldrich, Madrid, Spain) was determined following the EUCAST
E.Def 9.4 procedure using tissue-treated trays (Cellstar Ref. 655180, Greiner bio-one,
Frickenhausen, Germany) (9). Half the isolates were classified as azole resistant (n = 49)
according to EUCAST breakpoints (v10). The interpretation of MICs falling within the area
of technical uncertainty (ATU) for the three azoles was conducted as follows: itraconazole
and voriconazole (MIC = 2 mg/L, always considered resistant), posaconazole (MIC =
0.25 mg/L, considered resistant only if the isolate was also itraconazole resistant). Quality
control was ensured by testing Aspergillus flavus ATCC 204304 and A. fumigatus ATCC
204305. We amplified and sequenced both strands of the cyp51A gene, including the
promoter region, of those azole-resistant isolates (10). Azole-resistant isolates had either
the wild-type cyp51A gene sequence (n = 1) or the following cyp51A gene substitutions:
TR34-L98H (n = 41), G54R (n = 5), TR46-Y121F-T289A (n = 1), or G448S (n = 1). Each isolate
showing mutations in the cyp51A sequence was fully analyzed twice independently.

Azole-containing agar plate method (E.Def 10.2)

The 98 isolates were retrieved from the freezer to conduct the azole-containing agar
evaluation. First, we conducted a pilot study by selecting 6 out of the 98 isolates (three
azole-susceptible and three azole-resistant isolates). Conidial suspensions from the six
isolates were prepared in 5 mL of Tween 20-containing distilled water by stirring with a
wetted cotton swab used to harvest conidia from several colonies. Highly concentrated
suspensions were obtained and diluted to 1/10, 1/100, 1/1,000, and 1/10,000 (Fig. 1), and
further quantified with a Neubauer Chamber. Table 1 shows the conidial counts of each
dilution used. A total of 25 pL of each suspension was inoculated on azole-containing
agar plates as such (unfiltered and unadjusted suspensions), which meant to skip the
filtration and further adjustment recommended by the E.Def 10.2 procedure. The best
performance was achieved when using conidial suspensions diluted to 1/10 and 1/100 as
inocula (Table 1). Therefore, conidium suspensions used to conduct further evaluations
were prepared by trying to obtain similar visual turbidity to the one found in 1/10 and
1/100 dilutions (Fig. 1).
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FIG 1 A conidial suspension of isolate 6118 was prepared in distilled water and then serially diluted to

1/10,000. The figure shows the aspect of each dilution of the unfiltered-unadjusted inoculum.

The agar screening method was conducted according to the EUCAST E.Def 10.2
procedure using multi-dish plates (Labclinics tissue-treated plates) (7). The posacona-
zole concentration in the well was adapted to the updated EUCAST breakpoints (v10)
(0.25 mg/L). Conidial suspensions were prepared in distilled water (Tween 20 0.1%),
and a volume of 25 L of inocula was used to inoculate the agar plates, after being
vortexed. Two types of inocula were prepared: (i) following the principles of the E.Def
10.2 method [inocula filtered (Merck Millipore, Nylon Net Filter 11.0 pm pore size, Cork,
Ireland) and adjusted to 0.5 McFarland, which leads to a conidial count ranging from
2 x 10° CFU/mL to 5 x 10° CFU/mL in the inocula]; (i) leaving the conidial suspension
unfiltered and unadjusted and with a visual turbidity similar to the one found in 1/10
and 1/100 dilutions according to the pilot study (Fig. 1); these suspensions were used
to inoculate the azole-containing agar plates and were subsequently quantified with a
Neubauer Chamber (Table S1). The time to obtain filtered and adjusted or unfiltered and
unadjusted inocula was up to 10 minutes and less than a minute, respectively.

Inoculated plates using either type of inocula from each of the 98 isolates were
incubated at 35°C and visually inspected for fungal growth assessment after 48 hours.
Isolates were then classified as susceptible (when fungal growth was only observed in
the antifungal-free well) or as “potentially” azole resistant (when growth was observed in
the antifungal-free well plus one or more azole-containing wells). According to previous
studies, the TR34-L98H substitutions can be suspected when the isolate grows on
itraconazole-containing and voriconazole-containing agar wells, the G54 mutation can
be suspected when the isolate grows on posaconazole-containing and itraconazole-con-
taining wells, and the TR46-Y121F-T289A substitution can be suspected when the isolate
grows exclusively on voriconazole-containing agar wells (8, 11).

Quiality control was ensured by testing the isolates from the culture collection of the
University of Gothenburg, including A. fumigatus CCUG 74258/551-4524 (TR34-L98H) and
A. fumigatus CCUG 74259/551-5586 (G54W) (12).

Data analysis

The E.Def 9.4 broth microdilution procedure was considered the gold standard.
Categorical agreement with the agar screening method was assessed using different
conidial suspensions. Errors were defined as very major (false susceptibility) when
the microdilution procedure classified an isolate as resistant and the agar screening
method as susceptible, and as major (false resistance) when the microdilution procedure
categorized an isolate as susceptible and the agar screening method as resistant. Results
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TABLE 1 Unfiltered-unadjusted conidial suspensions of each of the six isolates used in the pilot study to
assess conidial counts at any of the dilutions studied”

Isolate code  cyp51A gene substitution Dilution Conidia (CFU/mL) Errors

6118 TR34-L98H 171 Uncountable 0

1/10 15.8 % 10° ]

1/100 1.25x10° 1 VME (POS)

1/1,000  0.1x10° 1 VME (POS)

1/10,000 © 3 VME (ITC, VOR, POS)
6422 TR34-L98H 1/1 Uncountable 0

1/10 9.1%x10° 0

1/100 0.6x10° 1 VME (POS)

1/1,000 0 3 VME (ITC, VOR, POS)

1/10,000 0 3 VME (ITC, VOR, POS)
6429 G54 1”1 Uncountable 0

1/10 27.5% 10° 0

1/100 1.3x10° 0

1/1,000  0.1x10° 0

1/10,000 0 2 VME (ITC, POS)
6110 NA 11 Uncountable 2 ME (ITC, VOR)

1/10 18.4 % 10° 0

1/100 1.8 % 10° 0

1/1,000  0.2x10° 0

1/10,000 0 0
6570 NA 171 Uncountable 0

1/10 22.8% 10° 0

1/100 0.9x 10° 0

1/1,000 0 0

1/10,000 0 ]
6617 NA 171 Uncountable 0

1/10 8.1x10° 0

1/100 0.8x10° 0

1/1,000 0 0

1/10,000 0 0

9NA, not applicable (susceptible isolates); VME, very major errors; ME, major errors; ITC, itraconazole; VOR,
voriconazole; POS, posaconazole.

obtained using unfiltered-unadjusted and filtered-adjusted conidial suspensions were
compared. Finally, the overall performance of agar plates inoculated using conidial
suspensions prepared either way was assessed by calculating the sensitivity (probabil-
ity that a resistant isolate grew in one or more azole-containing wells) and specificity
(probability that a susceptible isolate did not grow in any azole-containing well) (12).

RESULTS

The pilot study with the six isolates led to conidial counts for the 1/10 and 1/100 dilutions
falling within the expected range when the inoculum was exactly prepared according to
the E.Def 10.2 procedure (Table 1). Conidial counts of the unfiltered-unadjusted inocula
fell within the range of 1.3 x 10° CFU/mL and 1.5 x 10’ CFU/mL; considering the conidial
count obtained when exactly following the E.Def 10.2 procedure as a reference (2 x 10°
CFU/mL to 5 x 10° CFU/mL), only 1 and 23 isolates yielded conidial counts below or
above that range, respectively (Table S1).

The MIC distributions of itraconazole, voriconazole, and posaconazole for the isolates
tested are shown in Table 2. Azole resistance screening on agar plates inoculated
with unfiltered-unadjusted vs filtered-adjusted suspensions yielded very high catego-
rical agreements for itraconazole (100% vs 99%), voriconazole (100% vs 100%), and
posaconazole (96.9% vs 91.8%) (Table 3). Comparisons using unfiltered-unadjusted
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TABLE 2 MIC distributions of itraconazole, voriconazole, and posaconazole against the 98 isolates”
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Antifungal drug MIC distributions (number of isolates at each MIC, in mg/L) Resistance
0.016 0.03 0.06 0.125 0.25 0.5 1 2 4 8 =16 No. of isolates %
Itraconazole 0 0 0 0 27 21 2 2 0 0 46 48 49
Voriconazole 0 0 0 1 13 35 7 7 26 5 4 42 429
Posaconazole 0 0 17 10 27 32 4 0 1 0 7 48 49

“Cells shaded in gray indicate the number of MIC values within the ATU translated as resistant isolates as follows: itraconazole and voriconazole (all isolates in the cell) and

posaconazole (n = 4). Values in bold indicate resistant isolates (EUCAST Breakpoint table v 10.0).

and filtered-adjusted suspensions for itraconazole, voriconazole, and posaconazole also
resulted in very high agreements (99%, 100%, and 94.9%, respectively). Sensitivity and
specificity values were 100%, regardless of how conidial suspensions were prepared. All
isolates harboring TR34-L98H, G54R, or TR46-Y121F-T289A substitutions were correctly
detected after azole resistance phenotype inspection on azole-containing agar plates,
regardless of suspension preparation.

Only one very major error was identified with itraconazole-containing agar plates
for an isolate with an MIC of 2 mg/L and harboring the G448S mutation. Interestingly,
the isolate failed to grow on plates inoculated with filtered-adjusted inocula but grew
in agar wells inoculated with unfiltered-unadjusted conidial suspension. No very major
errors were found for voriconazole. Finally, a few very major errors were identified in
posaconazole-containing agar wells inoculated with unfiltered-unadjusted or filtered-
adjusted conidial suspensions, respectively (6.3% and 16.7%). For unfiltered-unadjusted
conidial suspensions, very major errors were found in isolates with posaconazole MICs of
0.25 mg/L (n = 1) or 0.5 mg/L (n = 2), all of which harbored the TR34-L98H substitution.
For filtered-adjusted conidial suspensions, very major errors were found in isolates with
posaconazole MICs of 0.5 mg/L (n = 7), which harbored the TR34-L98H substitution, and
an isolate with an MIC of 0.25 mg/L harboring the G448S mutation (Table 4). Three of
the isolates harboring TR34-L98H substitutions showed very major errors with posacona-
zole regardless of the inocula used. No very major errors were found in posaconazole-
resistant isolates with an MIC of >0.5 mg/L. In isolates with an MIC of 0.5 mg/L, very
major errors were found when conidial suspensions were left unfiltered-unadjusted and
filtered-adjusted (n = 2/32, 6% and n = 6/32, 19%, respectively). Likewise, in isolates with
an MIC of 0.25 mg/L, very major errors were found when conidial suspensions were left
unfiltered-unadjusted and filtered-adjusted (n = 1/4, 25% and n = 2/4, 50%, respectively).

No major errors were found, and the lowest number of very major errors was
detected when using unfiltered-unadjusted inocula, which was notorious in the case
of posaconazole. Errors were not due to the size of conidial counting, since inocula of the
single isolate yielding the lowest conidial count and of the isolates yielding the highest
conidial counts (n = 23) were correctly classified by the azole-agar containing method.

TABLE 3 Categorical agreements between the studied screening method with azole-containing agar plates using unfiltered-unadjusted and filtered-adjusted

conidia suspensions and compared to the E.Def 9.4 method

Drug Conidia suspension preparation  Categorical agreement Errors
(%) Very major Major % Errors:
(false susceptibility; (false resistance; no. of
%: no. of VME/no. of %: no. of ME/no. of errors/no. of
resistant isolates) susceptible isolates) total isolates
Itraconazole Unfiltered-unadjusted 100 0 0 0
(4 mg/L) Filtered-adjusted 99 2.1%(n=1) 0 1%
Voriconazole Unfiltered-unadjusted 100 0 0 0
(2 mg/L) Filtered-adjusted 100 o] 0 0
Posaconazole Unfiltered-unadjusted 96.9 6.3% (n=3) 0 3.1%
(0.25 mg/L) Filtered-adjusted 91.8 16.7% (n = 8) ] 8.2%
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TABLE 4 Very major errors (false susceptibility) found in isolates tested using unfiltered-unadjusted or filtered-adjusted conidia inocula®

Isolate code cyp51A gene substitutions E.Def 9.4 visual reading (MIC, mg/L)/E.Def 10.2 unfiltered-unadjusted inoculum/E.Def

10.2 filtered-adjusted inoculum

Itraconazole Voriconazole Posaconazole
3917 G448S R(2)/R/S R/R/R R(0.25)/R/S
6407 TR34-L98H R/R/R R/R/R R(0.5)/R/S
6422 TR34-L98H R/R/R R/R/R R(0.25)/5/S
8636 TR34-L98H R/R/R R/R/R R(0.5)/R/S
8682 TR34-L98H R/R/R R/R/R R(0.5)/R/S
9098 TR34-L98H R/R/R R/R/R R(0.5)/S/S
9244 TR34-L98H R/R/R R/R/R R(0.5)/R/S
10007 TR34-L98H R/R/R R/R/R R(0.5)/5/S

“Bold "R” letters and “S” letters indicate, respectively, resistance or susceptibility according to the micredilution E.Def 9.4 method.

DISCUSSION

The performance of the azole-containing agar E.Def 10.2 method for azole resistance
screening in Aspergillus fumigatus sensu stricto was not negatively influenced by skipping
conidial suspension filtration and further inoculum adjustment.

In light of several recent studies showing increasing rates of azole resistance in
A. fumigatus sensu stricto isolates and the poor prognosis of affected patients, antifun-
gal susceptibility testing is now recommended in the clinical microbiology laboratory.
However, it is rarely conducted following the standard EUCAST microdilution method,
thus alternative, feasible methods, such as azole-containing agar plates adapted to
the clinical microbiology routine, would be welcome. The E.Def 10.2 azole-containing
agar plate screening method is a useful procedure that may help routinely detect
azole resistance in A. fumigatus sensu stricto in clinical mycology laboratories (5, 6,
11). However, the procedure takes time when it comes to inoculum preparation and
its day-to-day implementation slows down the laboratory workload. Inoculum prepa-
ration requirements are identical to inoculate microtiter trays following E.Def 9.4 or
azole-containing agar wells following E.Def 10.2. However, we hypothesized that the
performance of the agar-containing plate procedure might not be hugely impacted by
the way inocula are prepared. We have been assessing the performance of E.Def 10.2
when skipping some steps to obtain ready-to-use inocula to alleviate the workload
in the clinical microbiology laboratory and letting antifungal susceptibility testing fill
in. We recently reported that the type of plastic tray used and that skipping conidial
suspension filtration before inoculum adjustment minimally affected the performance
of the method (11). Here, we studied whether inoculum adjustment to 0.5 MacFarland
may also be skipped. Overall, we observed that the performance of the agar screening
method remained unaffected when plates were inoculated with unfiltered-unadjusted
conidial suspensions.

We only noted a few discrepancies when unfiltered-unadjusted conidial suspen-
sions were used in posaconazole-containing wells. Furthermore, skipping inoculum
adjustment did not lead to errors in the classification of isolates harboring the TR34-
L98H substitution (growing in itraconazole-containing and voriconazole-containing agar
wells).

We adapted the final posaconazole concentration in the well to fit the updated
EUCAST breakpoints (v10) (0.25 mg/L). In previous studies, the number of very major
errors in posaconazole-containing agar wells was high (categorical agreement <78%).
This occurred with several isolates harboring the TR34-L98H substitution and showing
low levels of posaconazole resistance, which were unable to grow on posacconazole-con-
taining plates. This could have been a consequence of the high concentration of the
drug in the agar well (0.5 mg/L) since the E.Def 10.1 method was developed adapting
drug concentrations to the breakpoints in use at that time (8, 11). Lucio et al. lowered
the posaconazole concentration by one twofold dilution (from 0.5 mg/L to 0.25 mg/L)
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and obtained good agreements in strains harboring TR34-L98H, TRs3, and TR46-Y121F-
T289A substitutions (13). Lowering the posaconazole concentration in the agar wells
to 0.25 mg/L leads to a reduction in the number of very major errors, particularly in
low-level posaconazole-resistant TR34-L98H isolates, without an increase in the number
of major errors.

We conclude that skipping the filtration and adjustment of conidial suspensions did
not negatively influence the performance of the E.Def 10.2 azole-containing agar plate
method when screening for the presence of azole-resistant clinical A. fumigatus sensu
stricto isolates.
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CAPITULO IlI: Evaluacién de las tiras de difusién en gradiente para la

deteccion de cepas de A. fumigatus resistentes a azoles.

Articulo 6: Gradient diffusion strips for detecting azole resistance in

Aspergillus fumigatus sensu lato

Las tiras de difusién en gradiente pueden ser una alternativa al método de la
microdilucién en caldo de EUCAST (E.Def 9.4), aunque la interpretacion de las CMls es
controvertida por la ausencia de puntos de corte. Los estudios que comparan ambos
procedimientos son escasos, incluyen un bajo nimero de cepas, y se restringen a

agentes antifungicos seleccionados.

En este articulo, se evalud el rendimiento de las tiras de difusion en gradiente para
detectar resistencia a azoles en A. fumigatus sensu lato, incluyendo cepas con

mutaciones en el gen cyp51A y de especies cripticas.

Se incluyeron 89 cepas de A. fumigatus sensu stricto y 52 cepas de especies
cripticas, las cuales se clasificaron como sensibles o resistentes a itraconazol,
voriconazol, posaconazol e isavuconazol segin el método de microdilucién EUCAST E.Def
9.4 y los puntos de corte clinicos v10. Las cepas resistentes a azoles de A. fumigatus
sensu stricto tuvieron las siguientes mutaciones en el gen cyp51A: TR34-L98H (n=24),
G54R (n=5), TR4s-Y121F-T289A (n=1), F46Y-M172V-N248T-D255E-E427K (n=1), F165L
(n=1) o el gen cyp51A tipo salvaje (n=3). Las CMIs obtenidas con las tiras de difusién en
gradiente (ETEST®, Biomerieux, Marcy-I’Etoile, Francia y Liofilchem, Roseto degli Abruzzi,
Italia) se obtuvieron siguiendo las pautas del fabricante. Se estudiaron las distribuciones
de CMIs obtenidas con las tiras de difusidn en gradiente para establecer puntos de corte

gue separaran las cepas mutantes de los sensibles.

Para A. fumigatus sensu stricto, las CMIs de itraconazol >1,5 mg/L, voriconazol >0,38
mg/L, posaconazol >0,75 mg/L e isavuconazol >0,5 mg/L separaron correctamente las
cepas resistentes de las sensibles, con dos excepciones: dos cepas resistentes a los azoles
con el gen cyp51A tipo salvaje. Considerando dichos puntos de corte, los valores de
sensibilidad y especificidad para detectar resistencia a azoles fueron de 97% y 100%,

respectivamente, para itraconazol, voriconazol y posaconazol y de 93,3% y 100% para
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isavuconazol. Para las cepas de especies cripticas, las CMIs de voriconazol >1 mg/L e
isavuconazol >0,75 mg/L separaron las cepas resistentes de las sensibles, sin embargo,
las excepciones en este caso fueron mucho mayores (voriconazol (n = 15), isavuconazol
(n=27). Considerando dichos puntos de corte, los valores de sensibilidad y especificidad
fueron de 68,1% y 100%, respectivamente, para voriconazol y de 25% y 100%,
respectivamente, para isavuconazol. Para itraconazol y posaconazol no fue posible

establecer puntos de corte.

En conclusién, se logré establecer puntos de corte preliminares para detectar
correctamente cepas resistentes de A. fumigatus sensu stricto utilizando las tiras de
difusidén en gradiente. Sin embargo, el rendimiento frente a las especies cripticas fue

deficiente.
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Abstract

Background: Studies comparing gradient diffusion strips (GDSs) and the EUCAST
E.Def 9.4 microdilution method are scarce, thwarted by a low number of isolates, and
restricted to selected antifungal agents.

Obijectives: We evaluated the performance of GDSs to detect azole resistance in A.
fumigatus, including cryptic species.

Patients/Methods: A. fumigatus sensu stricto (n = 89) and cryptic species (n = 52)
were classified as susceptible or resistant to itraconazole, voriconazole, posaconazole
and isavuconazole (EUCAST E.Def 9.4; clinical breakpoints v10). A. fumigatus sensu
stricto azole-resistant isolates had the following cyp51A gene mutations: TR,,-L98H
(n=24), G54R (n = 5), TR,,-Y121F-T28%A (n = 1), F46Y-M172V-N248T-D255E-E427K
(n = 1), F165L (n = 1) and cyp51A gene wild type (n = 3). GDSs (ETEST®, bioMérieux,
Marcy-I'Etoile, France and Liofilchem®, Roseto degli Abruzzi, Italy) MICs were ob-
tained by following the manufacturer's guidelines.

Results: For A. fumigatus sensu stricto, itraconazole MICs >1.5 mg/L, voriconazole
>0.38mg/L, posaconazole >0.75mg/L, and isavuconazole >0.5 mg/L correctly
separated resistant from susceptible isolates with two exceptions. Considering the
aforementioned cut-off MICs, sensitivity/specificity values of GDSs to detect azole
resistance were: itraconazole (97%/100%), voriconazole (97%/100%), posaconazole
(97%/100%) and isavuconazole (93.3%/100%). For cryptic species isolates, voricona-
zole MICs >1 mg/L and isavuconazole >0.75mg/L separated resistant isolates from
susceptible isolates with 15 and 27 exceptions, respectively. Considering the afore-
mentioned cut-off MICs, sensitivity/specificity values were as follows: voriconazole
(68.1%/100%) and isavuconazole (25%/100%). For itraconazole and posaconazole, it
was not possible to establish cut-off values.

Conclusions: We set tentative cut-off MIC values to correctly spot resistant Aspergillus
fumigatus sensu stricto isolates using GDSs. The performance against cryptic species
was poor.

KEYWORDS
Aspergillus fumigatus, azole resistance, EUCAST, gradient diffusion strips

Mycoses. 2022;00:1-6.

wileyonlinelibrary.com/journal/myc © 2022 Wiley-VCH GmbH.
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1 | INTRODUCTION
The spreading of azole resistant Aspergillus fumigatus—associated to
a poor prognosis—, requires routine screening.”* EUCAST E.Def 9.4
method assesses the minimum inhibitory concentration (MIC) of an-
tifungals against A. fumigatus, but it is time-consuming and requires
expertise. Gradient diffusion strips (GDSs) may be an alternative,
albeit interpretation of MICs remains controversial. The E.Def 9.4
method is needed as gold standard to study the potential of GDSs
to detect resistance. Studies comparing both procedures are scarce,
thwarted by a low number of isolates, and restricted to selected an-
tifungal agents.5"5

We assessed the role of GDSs to detect azole resistance in A.
fumigatus sensu stricto and cryptic species isolates.

2 | MATERIALS AND METHODS

2.1 | Isolates
We studied A. fumigatus sensu lato isolates (n = 141) comprising A.
fumigatus sensu stricto (azole-resistant isolates [n = 35] and azole-

susceptible isolates [n = 54]) and cryptic species (azole-resistant

isolates [n = 47] and azole-susceptible isolates [n = 5]) collected from a
survey recently conducted in Spain and from patients cared at Gregorio
Marafion hosy.u't.a\l.4 Cryptic species and azole-resistant A. fumigatus
sensu stricto isolates were molecularly identified.*” Azole-resistant
A. fumigatus sensu stricto had the following cyp51A gene substitu-
tions: TRy,-L98H (n = 24), G54R (n = 5), TR,-Y121F-T289A (= 1),
FA6Y-M172V-N248T-D255E-E427K (n = 1), F165L (n = 1) or the wild
type cyp51A gene (n = 3). Cryptic species isolates involved A. lentulus
(n = 13), A. novofumigatus (n = 8), Neosartorya fischeri (n = 8), A. fumiga-
tiaffinis {n = 7), N. udagawae (n = 7), N. tsurutae (n = 3), A. viridinutans
(h = 2), A. felis (n = 2), N. hiratsukae (n = 1) and A. thermomutatus (n = 1).

2.2 | Antifungal susceptibility
MICs of itraconazole, variconazole, posaconazole (Sigma-Aldrich) and
isavuconazole (Basilea Pharmaceutica International Ltd.) were de-
termined following EUCAST E.Def 9.4 method; trays (tissue-treated
trays, CELLSTAR® Ref. 655,180, Greiner bio-one, Frickenhausen,
Germany) were incubated for 48 hours at 35°C without shaking.B
Gradient diffusion strips (GDSs) were used to determine anti-
fungal susceptibility to itraconazole, voriconazole, posaconazole

(ETEST®; bioMérieux) and isavuconazole (Liofilchem®). Conidial

W Susceptibleisolates according to EUCAST E.Def. 9.4
W Resistantisolates according to EUCAST E.Def. 9.4
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FIGURE 1 MIC distributions of itraconazole, voriconazole, posaconazole and isavuconazole obtained by GDSs against Aspergillus
fumigatus sensu stricto isolates. Red bar and green bar sections indicate resistant isolates and susceptible isolates, respectively, to the drug
in question according to EUCAST's methodology and clinical breakpoints v.10. Red lines indicate the here proposed GDSs MIC cut-off values
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suspensions were prepared in distilled water (Tween 20 0.1%) and
filtered (Merck Millipore®, Nylon Net Filter 11.0 pm pore size,
Cork, Ireland) prior inoculum adjustment to 0.5 McFarland. A dry
swab was soaked into the inoculum and the agar RPMI plate was
then streaked using the swabs and incubated for 48 hours at 35°C.
MICs were obtained following the manufacturer's guidelines and de-
fined as the drug concentration at which the border of the elliptical
growth inhibition zone intercepted the scale on the antifungal strip.

2.3 | Dataanalysis

MICs obtained following the E.Def 9.4 method were considered the
gold standard; isolates were classified as azole-susceptible or azole-
resistant as per EUCAST clinical breakpoints.” MIC distributions of
the four azoles obtained by GDSs were studied to set cut-off values
able to distinguish resistant from susceptible isolates. All categorical
discrepancies between MICs by E.Def 9.4 and GDSs were retested.
Using the aforementioned cut-off values, sensitivity was defined as
the probability that a resistant isolate had a MIC higher that that
value and specificity as the probability that a susceptible isolate had

an MIC lower than that value.

2.4 | Ethics Statement
Given the in vitro nature of this study, approval of the Ethics
Committee was not required.

3 | RESULTS
Figures 1 and 2 summarise GDS MIC distributions of the four azoles
testedagainstA. fumigatussensustrictoandcrypticspecies,respectively.
All A. fumigatus sensu stricto isolates showing GDS MIC values
of itraconazole >1.5 mg/L, voriconazole >0.38mg/L, posaconazole
>0.75mg/L and isavuconazole >0.5 mg/L were identified as resis-
tant to the azole in question using E.Def 9.4. Using GDS MIC cut-
off values, two azole-resistant cyp51A-wild-type gene isolates were
misclassified as isavuconazole-susceptible, one isolate was also mis-
classified as voriconazole-susceptible and one was also misclassified
as itraconazole- and posaconazole-susceptible (Table 1). GDS sen-
sitivity and specificity values to detect azole resistance considering
the aforementioned MIC cut-off values were as follows: itraconazole
(97%/100%), voriconazole (97%/100%), posaconazole (97%/100%)
and isavuconazole (93.3%/100%). lIsolates harbouring the G54,

m Susceptibleisolates according to EUCAST E.Def. 9.4
M Resistantisolates according to EUCAST E.Def. 9.4
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FIGURE 2 MIC distributions of itraconazole, voriconazole, posaconazole and isavuconazole obtained by GDSs against Aspergillus
fumigatus cryptic species isolates. Red bar and green bar sections indicate resistant isolates and susceptible isolates, respectively, to the drug
in question according to EUCAST's methodology and clinical breakpoints v.10. Red lines indicate the here proposed GDSs MIC cut-off values
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TABLE 1 Aspergillus fumigatus sensu
stricto isolates falsely classified as

Itraconazole Voriconazole
5(0.25)/0.38 R(4)/0.19
R(16)/1.5 R(2)/0.5

Posaconazole
$(0.125)/0.094
R(0.5)/0.19

Isavuconazole susceptible by GDSs according to the
proposed cut-off; both isolates resulted in

R(8)/0.19 .
wild type cyp51A gene sequences

R(4)/0.5

Note: Numbers in bold indicate a phenotype of resistance as per the EUCAST methodology.

Abbreviations: R, resistant; S, susceptible,

Isolate code
2415
5744
5888
6789
6009
6044
6062
6659
6778
4089
5514
5953
6112
6770
6325-2
6183
6113
6195-2
5869
2836
2838
2832
2840
2842
3055
6683
5629
5465
6172
6326-2
5357

Cryptic species
Aspergillus viridinutans
Neosartorya fischeri
Aspergillus lentulus
Aspergillus novofumigatus
Aspergillus fumigatiaffinis
Neosartorya udagawae

A. fumigatiaffinis

N. udagawae

Neosartorya tsurutae

N. udagawae

A. lentulus

lentulus

lentulus
novofumigatus
fumigatiaffinis

lentulus

lentulus

lentulus

P S

lentulus
N. fischeri
N. fischeri
N. fischeri
N. fischeri
N. fischeri
N. fischeri
A. lentulus
A. lentulus
N. fischeri
A lentulus
A. fumigatiaffinis

A. fumigatiaffinis

E.Def 9.4 method/GDS (MIC, in mg/L)

TABLE 2 Cryptic species isolates
falsely classified as susceptible to

Voriconazole
R(2)/0.38
R(2)/0.38
R(16)/0.5
R(4)/0.5
R(4)/0.75
R(2)/0.75
R(4)/0.75
R(4)/0.75
R(2)/0.75
R(2)/1
R(2)/1
R(2)/1
R(4)/1
R(4)/1
R(8)/1
R(4)/1.5
R(2)/2
R(8)/2
R(2)/2
R(2)/2
R(2)/2
R(2)/2
R(2)/2
R(2)/2
R(2)/2
R(4)/2
R(2)/2
R(2)/3
R(8)/3
R(8)/4
R(2)/4

|savuconazole voriconazole or to isavuconazole by the

GDSs according to the proposed cut-off
5(0.5)/0.25

R(2)/0.19
R(2)/0.25
R(2)/0.38
R(2)/0.047
R(2)/0.75
R(4)/0.5
R(2)/0.25
S (1)/0.19
S(1)/0.5
$(1)/0.38
R(2)/0.19
R(2)/0.38
R(2)/0.75
R(4)/0.25
R(2)/0.38
R(2)/0.25
R(2)/0.38
R(2)/0.5
R(2)/0.75
R(2)/0.75
R(2)/0.75
R(2)/0.75
R(2)/0.75
R(2)/0.75
R(2)/0.75
R(2)/0.38
R(2)/0.75
R(8)/0.75
R(4)/0.38
R(2)/0.5

Note: Numbers in bold indicate a phenotype of resistance as per the EUCAST methodology or
by using gradient diffusion strips to define MIC cut-off. Cells in grey indicate cases in which false
susceptibility was detected using gradient diffusion strips.

Abbreviations: R, resistant; S, susceptible.

TR34-L98H or TR46-Y121F-T289A cyp51A gene substitutions were

correctly detected.

Cryptic species isolates showing voriconazole or isavuconazole

MIC values >1 mg/L or >0.75mg/L, respectively, were identified as

resistant to the azole in question as per the E.Def 9.4 method. It was
not possible to establish cut-off values for itraconazole and posacon-
azole due to extremely irregular MIC distributions. GDS MIC cut-off
values >1 mg/L for voriconazole or >0.75mg/L for isavuconazole
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led to false susceptibility in 15 isolates and 27 isolates, respectively
(Table 2). Considering the aforementioned cut-off MICs, GDS sen-
sitivity and specificity to detect azole resistance were 68.1%/100%
for voriconazole and 25%/100% for isavuconazole.

4 | DISCUSSION

In most cases, our proposed GDS cut-off MIC values distinguish re-
sistant A. fumigatus sensu stricto isolates. Sensitivity and specificity
values for the four azoles were >93%/100%. Performance against
cryptic species was rather poor.

A. fumigatus resistance is a problem worldwide and conducting
early antifungal susceptibility testing is essential"*1° Previous stud-
ies comparing E.Def 9.4 with GDSs, including wild type and cyp51A
mutant A. fumigatus isolates (TR;,-L98H, TR, ,-Y121F-T289A, M220
and G54), reported high categorical agreements, although limited by
the low number of isolates, the selected antifungal agents, and abh-
sence of cryptic species.>?

Espinel-Ingroff, using the Clinical and Laboratory Standards
Institute gold standard method, proposed epidemiological cut-off
values against A. fumigatus sensu stricto for itraconazole (2 mg/L),
voriconazole (0.5 mg/L) and posaconazole (0.25mg/L).**™*® Our cut-
off values are similar and led to errors in only two azole-resistant
cyp51A-wild type gene isolates. To the best of our knowledge, this
is the first time that cryptic species have been tested. We can only
propose cut-off MIC values for voriconazole (>1 mg/L) and isavu-
conazole (>0.75mg/L) and found a number of isolates resulting in
false susceptibility to those drugs. The mediocre performance with
cryptic species may be due to poor sporulation to irregular conidia
inoculums.

This work is limited by the low number of isolates harbouring
the TR, ,-Y121F-T289A substitutions alongside to other cyp51A gene
mutations.

In conclusion, we propose GDS MIC cut-off values for itracon-
azole, voriconazole, posaconazole and isavuconazole against A. fumi-
gatus sensu stricto isolates. Further studies including more isolates

and a wider range of mutations are warranted.
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Articulo 7: Effective Detection of Azole Resistance in Aspergillus
fumigatus sensu stricto Using a Gradient Diffusion Plastic Strip: A

Comparison of Filtered adjusted vs. Unfiltered unadjusted Inocula

Manuscrito en prensa

En este estudio se evalud si omitir los pasos de filtracion y ajuste del indculo influia
negativamente en el rendimiento de las tiras de difusién en gradiente para la deteccién

de resistencia a azoles en A. fumigatus.

Se incluyeron 98 cepas de A. fumigatus sensu stricto, procedentes de estudios
nacionales sobre resistencia a azoles en Espafia, previamente clasificadas como sensibles
o resistentes a itraconazol, voriconazol y posaconazol segun el método de microdilucién
E.Def 9.4 de EUCAST y los puntos de corte clinicos v10. Las cepas resistentes tuvieron las
siguientes mutaciones en el gen cyp51A: TR32-L98H+S297T-F495I (n=41), G54R (n=5),
TR46-Y121F-T289A (n=1), G448S (n=1), y el gen cyp51A tipo salvaje (n=1). Las
suspensiones de conidias se prepararon siguiendo los principios del método E.Def 9.4, o
se dejaron sin filtrar o ajustar. Se evaluaron las distribuciones de CMls de itraconazol,
voriconazol y posaconazol obtenidas con las tiras de difusidn en gradiente, y los valores

de concordancia obtenidos utilizando ambos tipos de suspensiones.

De acuerdo con las distribuciones de CMI obtenidas con las tiras de difusion en
gradiente y utilizando ambos tipos de preparaciones de indculo, se propusieron los
siguientes puntos de corte para clasificar las cepas como resistentes: >1 mg/L para
itraconazol, >0,5 mg/L para voriconazol y >0,25 mg/L para posaconazol. Los puntos de
corte de itraconazol y voriconazol propuestos en este estudio son similares a los
comunicados en el anterior estudio. Sin embargo, el punto de corte de posaconazol
propuesto en este estudio fue mas bajo, lo que puede deberse al mayor nimero de cepas
resistentes que mostraron CMIs de posaconazol mas bajas (0,25 mg/L, 0,38 mg/Ly 0,5

mg/L).

Utilizando estos puntos de corte (>1 mg/L para itraconazol, >0,5 mg/L para
voriconazol y >0,25 mg/L para posaconazol), todas las cepas se clasificaron
correctamente salvo dos (G448S y TRs-Y121F-T289A) en los que se produjeron
clasificaciones errdoneas al menos para un azol. Se observaron elevados valores de
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concordancia esencial entre los métodos, independientemente de la forma de
preparacion de los indculos: 95,9% para itraconazol y 98% para voriconazol y
posaconazol. En general, los valores de sensibilidad y especificidad de las tiras de
difusion en gradiente, utilizando los puntos de corte propuestos para detectar la
resistencia a los azoles, apenas se vieron afectados por la preparacion del indculo, siendo

estos superiores al 98% en todos los casos.

En conclusién, omitir la filtracion y el ajuste del inéculo de las suspensiones de
conidias no influyd negativamente en el rendimiento de las tiras de difusién en
gradiente. Este es un método Util para el cribado de la resistencia a azoles en cepas de
A. fumigatus sensu stricto cuando las CMIs obtenidas se interpretan de la siguiente

forma: itraconazol >1 mg/L, voriconazol >0,5 mg/L y posaconazol >0,25 mg/L.
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Abstract

Gradient diffusion plastic strips are utilized for azole susceptibility testing against Aspergillus
fumigatus in some clinical microbiology laboratories, however, they lack proper validation.

We evaluated the performance of this method for detecting azole resistance in A. fumigatus sensu
stricto and we assessed whether skipping filtration and inoculum adjustment of conidial suspensions
negatively influenced its performance.

A total of 98 A. fumigatus sensu stricto isolates, previously classified as azole-susceptible or resistant,
were studied. Azole-resistant isolates had specific cyp51A gene mutations, including TR3s-L98H+S297T-
F4951, G54R, TRa6-Y121F-T289A, and G448S. Conidial suspensions were prepared following the principles of
the E.Def 9.4 method or left unfiltered and unadjusted.

Based on minimum inhibitory concentration (MIC) distributions obtained with the gradient diffusion
plastic strip using both types of inoculum preparations, cut-off values were proposed to classify isolates as
resistant: >1 mg/L for itraconazole and voriconazole and >0.25 mg/L for posaconazole. These cut-offs
coincided with EUCAST breakpoints and correctly classified all except one (TRss-Y121F-T289A) isolate. High
essential agreement values (95.9%—-98%) were obtained, regardless of inoculum preparation.

Overall, sensitivity/specificity values of the gradient diffusion plastic strip using the proposed cut-off
values for itraconazole (100%/98%), voriconazole (100%/100%), and posaconazole (100%/98%) to screen
for azole resistance were not impacted by the inoculum preparation method.

Thus, the gradient diffusion plastic strip is a reliable method for screening azole resistance in A.
fumigatus isolates using the proposed MIC cut-offs and inoculum preparation without filtration and

adjustment of conidial suspensions did not negatively influence the performance of the method.

Lay summary
Gradient diffusion plastic strip is a reliable method for screening for azole resistance in A. fumigatus
sensu stricto isolates and skipping filtration and adjustment of conidial suspensions did not negatively

influence the performance of the method.
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Introduction

Azole-resistant aspergillosis is a matter of concern; mortality in patients who received initial triazole
treatment doubles that of cases with triazole-susceptible aspergillosis. In light of the increasing resistance
across many countries and the poor prognosis of the patients affected, screening for azole resistance in
Aspergillus fumigatus should be available in clinical microbiology laboratories, especially when isolates
represent invasive, recurrent, or non-responsive infections, and particularly in areas where azole-resistant
A. fumigatus is prevalent /)

The microdilution reference EUCAST E.Def 9.4 method affords specific guidance to assess the
minimum inhibitory concentration (MIC) of antifungals against A. fumigatus, but it is cumbersome, time-
consuming, and requires expertise (! Methods based on agar drug diffusion, such as the azole-containing
agar plate EUCAST E.Def 10.2 method, offer alternatives to microdilution in clinical microbiology
laboratories. However, gradient diffusion strips have become popular, being an easy and simple method to
apply in hospital clinical microbiology laboratories, albeit the MIC interpretation remains controversial due
to the lack of proper validation and method-specific MIC cut-off values.

Plastic strip manufacturer’s guidelines recommend allowing the inoculum particles to settle for 15
minutes and adjusting to 0.5 McFarland. By following such standards, we previously proposed MIC cut-off
values to detect azole-resistant A. fumigatus sensu stricto isolates to itraconazole (>1.5 mg/L), voriconazole
(>0.38 mg/L), and posaconazole (>0.75 mg/L).”! Nevertheless, the preparation of filtered and adjusted
inocula for agar diffusion methods may take time. We previously showed that unfiltered and unadjusted
conidial suspensions do not negativelyinfluence the performance of the azole-containing agar plate EUCAST
method (E.Def 10.2) when screening for azole resistance in A. fumigatus sensu stricto.®) Likewise, we here
assessed the performance of gradient diffusion strips for detecting azole resistance against A. fumigatus
sensu stricto isolates and the effect of skipping filtration and further inoculum adjustment of conidial

suspensions.
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73 Materials and methods
74 Isolates studied. We selected a set of A. fumigatus sensu stricto isolates (n=98), collected in
75 Spanish hospitals or stored in the Gregorio Marafién hospital clinical isolate collection, that were classified
76 as azole-susceptible or azole-resistant (n=49) according to the EUCAST microdilution method, as previously
77 reported elsewhere.® Azole-resistant isolates had either the wild-type cyp51A gene sequence (n = 1) or the
78 following cyp51A gene substitutions: TR2:-L98H+5297T-F4951 (n = 41), G54R (n = 5), TR46-Y121F-T289A (n =
79 1), or G448S (n=1). MICs and isolate classification as per susceptibility category following the microdilution
80 procedure were chosen as gold standards.
81 Performance assessment of gradient diffusion plastic strips using different conidial inocula.
82 Gradient diffusion plastic strips (ETEST®, Biomerieux, Marcy-I'Etoile, France) were used to determine
83 antifungal susceptibility to itraconazole, voriconazole, and posaconazole. The isolates were retrieved from
84 the freezer and subcultured on Sabouraud dextrose agar to conduct the gradient diffusion plastic strip
85 evaluation. Conidial suspensions were prepared in distilled water (Tween 20 0.1%) and dry swabs were
86 soaked in the inoculum and the RPMI 1640 agar plates supplemented with 2% glucose (bioMérieux, Marcy-
87 I’Etoile, France) were then streaked. Inocula were prepared by: a) following the principles of the E.Def 9.4
88 method (inocula filtered [Merck Millipore®, Nylon Net Filter 11.0 um pore size, Cork, Ireland] and adjusted
89 to 0.5 McFarland); or b) leaving the conidial suspension unfiltered and unadjusted and with a visual turbidity
90 similar to that seen in 1/10 and 1/100 dilutions; we previously demonstrated that highly concentrated
91 conidial suspensions from isolates that were diluted as mentioned, worked well as inocula.® Plates were
92 then incubated at 35°C for 48 hours and MICs were obtained following the manufacturer’s guidelines and
93 defined as the drug concentration at which the border of the elliptical growth inhibition zone intercepted
94 the scale on the antifungal strip.
95 The E.Def 9.4 broth microdilution procedure was considered the gold standard. MIC distributions
96 of the three azoles obtained using gradient diffusion plastic strips were studied to establish cut-off values
97 able to distinguish resistant from susceptible isolates. Using the EUCAST breakpoints v 11.0
98 (https://www.eucast.org/astoffungi/clinicalbreakpointsforantifungals), sensitivity was defined as the
99 probability that a resistant isolate had a MIC higher than that value, and specificity as the probability that a
100 susceptible isolate had a MIC below that value. The essential agreement of the gradient diffusion plastic

101 strips method was evaluated between the use of unfiltered-unadjusted and filtered-adjusted conidial

4
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102 suspensions; MICs within +1 two-fold dilution were considered to be in essential agreement. Categorical
103 agreement between the diffusion plastic strip method using filtered-adjusted and unfiltered-unadjusted
104 conidia suspensions and the E.Def 9.4 method was assessed. Errors were defined as very major (false
105 susceptibility) when the microdilution procedure classified an isolate as resistant and the diffusion plastic
106 strip method as susceptible, and as major (false resistance) when the microdilution procedure categorized
107 an isolate as susceptible and the diffusion plastic strip method as resistant. Discrepancies were retested
108 and the results were confirmed.

109 Quality control was ensured by testing resistant isolates from the culture collection of the
110 University of Gothenburg: A. fumigatus CCUG 74258/5S1-4524 (TRa2s-L98H) and A. fumigatus CCUG
111 74258/S51-5586 (G54W).2

112 Ethics Statement. Given its in vitro nature, this study did not require Ethics Committee approval.
113

114 Results

115 Given the gradient diffusion plastic strip-obtained MIC distributions with both kinds of inoculum
L16 preparations, the following cut-off values were proposed: >1 mg/L for itraconazole and voriconazole, and
117 >0.25 mg/L for posaconazole (Figure 1).

118 By using these cut-off values, which coincided with the EUCAST breakpoints, all isolates were
119 classified correctly except for one isolate harbouring TRas-Y121F-T289A cyp51A gene substitutions, which
120 was misclassified as resistant to itraconazole and posaconazole (EUCAST MIC of 0.5 mg/L and 0.25 mg/L,
121 respectively) independently of the inocula preparation method chosen (Table 1). Considering the EUCAST
122 cut-off values, sensitivity/specificity values of gradient diffusion plastic strips for itraconazole (100%/98%),
123 voriconazole (100%/100%), and posaconazole (100%/98%) to screen for azole resistance, values were
124 unaffected by the inoculum preparation method (Table 2).

125 High essential agreement values were seen between MICs obtained by plate inoculation using
126 unfiltered-unadjusted and filtered-adjusted conidial suspensions: 95.9% for itraconazole and 98% for
127 voriconazole and posaconazole. Likewise, high categorical agreement values were seen between the
128 gradient diffusion plastic strip and E.Def 9.4 methods for the three azoles (298%), and only 2% of major
129 errors were found for itraconazole and posaconazole. One major error was found exclusively in an isolate

130 harbouring the TR4s-Y121F-T289A cyp51A gene substitution. No very major errors were found (Table 2).

107



Desarrollo

131 Discussion

132 The performance of the gradient diffusion plastic strip method for detecting azole resistance in A.
133 fumigatus sensu stricto was not compromised by the omission of conidial suspension filtration and
134 subsequent inoculum adjustment. By using the cut-off here proposed, which coincided with EUCAST
135 breakpoint values, this procedure is a good tool for detecting azole resistance in A. fumigatus sensu stricto.
136 Given the numerous studies demonstrating the increasing rates of azole resistance in A. fumigatus
137 sensu stricto isolates and the grim outcome for affected patients, performing antifungal susceptibility
138 testing in clinical microbiology laboratories is now recommended.> 4} However, the microdilution gold
139 standard EUCAST E.Def 9.4 procedure, which is technically challenging and requires expertise, is seldom
140 performed. Alternative and more feasible methods, such as the gradient diffusion plastic strip method,
141 might offer a more convenient approach for conducting antifungal susceptibility testing against A.
142 fumigatus, although the interpretation of MIC values remains controversial.

143 Previous studies compared the EUCAST broth microdilution method and gradient diffusion plastic
144 strips, including wild-type and cyp514 mutant A. fumigatus isolates (TR3s-L98H, TRas-Y121F-T289A, M220,
145 and G54), reporting high categorical agreements, although constrained by small sample sizes and a limited
146 range of antifungal agents.”® 1% Espinel-Ingroff, using the CLSI method as the gold standard, proposed
147 epidemiological cut-off values against A. fumigatus sensu stricto for itraconazole (>1 mg/L), voriconazole
148 (>0.25 mg/L), and posaconazole (>0.125 mg/L).1 1)

149 We had previously evaluated the performance of gradient diffusion plastic strips for detecting
150 azole resistance in A. fumigatus sensu lato, including cyp51A gene mutant isolates and cryptic species,
151 proposing MIC cut-off values for A. fumigatus sensu stricto: itraconazole >1.5 mg/L, voriconazole >0.38
152 mg/L, and posaconazole >0.75 mg/L.77) At that time, inoculum preparation implied filtering and adjusting
153 according to the E.Def 9.4 procedure, and two very major errors were found. Among cryptic species, we
154 observed that poor performance may be due to the poor sporulation of isolates, which could lead to
155 irregular conidia inoculums. Therefore, we did not include cryptic species in the current evaluation. The cut-
156 offs put forward herein are slightly different from those previously proposed.”! The itraconazole cut-off
157 value is similar to that previously reported; however, those for voriconazole and posaconazole are different,
158 probably due to the higher number of resistant isolates here tested. The sensitivity using the previously

159 reported cut-off values was 97% for each drug; however, applying the current cut-off values would have
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160 resulted in sensitivity values ranging from 90% (for voriconazole) and 100% (for itraconazole) in the isolates
161 previously tested.l”) Nevertheless, the sensitivity values reported herein were 100% regardless of inoculum
162 preparation. The differences in performance of the current and previous cut-offs may be due to the fact the
163 isolates tested here and in the previous study were not exactly the same.

164 By following the here reported cut-off values, we only found a major error in one azole-resistant
165 isolate harbouring TRss-Y121F-T289A cyp51A gene substitutions. This isolate was misclassified as
166 itraconazole resistant (EUCAST MIC of 0.5 mg/L), with a gradient diffusion plastic strip MIC of 1.5 mg/L and
167 2 mg/L, in plates inoculated with filtered-adjusted and unfiltered-unadjusted conidial suspension,
168 respectively; this isolate was also misclassified as resistant to posaconazole (EUCAST MIC of 0.25 mg/L,
169 classified as ATU), with a gradient diffusion plastic strip MIC of 0.75 mg/L, independently the method chosen
170 to prepare the inoculum.

171 Inoculum preparation requirements to inoculate gradient diffusion plastic strip plates with filtered
172 and adjusted inoculums are identical to those used to inoculate microtiter trays following E.Def 9.4. We
173 here demonstrated that the performance of the gradient diffusion plastic strip method was hardly impacted
174 by how the inoculum was prepared.

175 Future studies using a higher number of isolates harbouring TRas-Y121F-T289A substitutions
176 alongside other cyp51A gene mutations, and also external and multicentre studies, are warranted to
177 validate the current observations.

178 We conclude that the gradient diffusion plastic strip is a method for screening for azole resistance
179 in A. fumigatus sensu stricto isolates when MICs obtained are interpreted using cut-off values of >1 mg/L
180 for itraconazole and voriconazole and >0.25 mg/L for posaconazole. Skipping filtration and adjustment of
181 conidial suspensions did not negatively influence the performance of the method.

182

183 Acknowledgements

184 We are grateful to Helena Kruyer for the assistance with editing.

185 ASPEIN Study Group: Complejo Hospitalario Torrecardenas (Waldo Sdnchez-Yebra Romera, Juan Antonio
186 Sanchez-Gémez), Hospital Universitario Puerta del Mar (Inmaculada Guerrero Lozano), Hospital
187 Universitario Reina Sofia (Rocio Tejero-Garcia), Hospital Virgen de las Nieves (Fernando Cobo Martinez),

188 Hospital Universitario Clinico San Cecilio (Laura Vifiuela), Hospital Universitario Juan Ramén lJiménez

109



Desarrollo

189 (Francisco Franco-Alvarez de Luna), Complejo Hospitalario deJaén (Ana Lara Oya, Isabel Casanovas Moreno-
190 Torres), Hospital Regional Universitario de Malaga (Maria Pilar Bermudez Ruiz), Hospital Universitario
191 Virgen Macarena (Ana Isabel Sudrez Barrenechea), Hospital Universitario Valme (Carmen Castro Méndez),
192 Hospital Universitario Virgen del Rocio (Maite Ruiz Pérez de Pipadn), Hospital Universitario San Jorge
193 (Héctor Condado Condado, Rocio Cehollada Sanchez), Hospital Universitario Miguel Servet (Concepcion
194 Lopez Gomez), Hospital Universitario San Agustin (Emilio David Valverde Romero; Henar Villar Pérez),
195 Hospital Universitario de Cabuefies (Marta Arias Temprano, Alba Guiu Martinez), Hospital Universitario
196 Central Asturias (Teresa Peldez, Cristian Castello-Abietar), Hospital Universitario Son Llatzer (Carmen
197 Collado Giner), Hospital Universitario Son Espases (Eva Alcoceba Cruixent, Carla Iglesias Escobar), Hospital
198 de Galdakao (Ana Patricia Martinez Lafuente, Ana Gual de Torrella), Hospital Universitario Cruces (Leyre
199 Lépez-Soria, Olga Bello Jiménez), Hospital Universitario de Basurto (Miren Josebe Unzaga Barafiano, Iris
200 Sharon Pérez Ramos), Hospital Universitario Donostia (Miren Nekane Azkue Albizu), Hospital Universitario
201 de Alava (Marina Fernidndez-Torres), Hospital Universitario de Gran Canaria Doctor Negrin (Raul Gilarranz
202 Luengo), Hospital Universitario Insular de Gran Canaria (Isabel de Miguel Martinez), Hospital Universitario
203 Nuestra Sefiora de Candelaria (Angeles Sampere Martinez), Hospital Universitario de Canarias (Silvia Rosa
204 Campos Gutiérrez), Hospital Universitario Marqués de Valdecilla-IDIVAL (Maria Pia Roiz Mesones), Hospital
205 General Universitario de Albacete (Julia Lozano Serra), Hospital General Universitario de Ciudad Real
206 (Cristina Colmenarejo Serrano), Hospital Virgen de la Luz (Quilez Malo Casero), Hospital General
207 Universitario de Guadalajara (Maria Elena Rodriguez Zurita), Hospital Universitario de Toledo (Rosa Jiménez
208 Barrena), Hospital Santos Reyes (Marta Fernandez Esgueva), Hospital Nuestra Sefiora de Sonsoles (Oscar
209 Fraile Santos, Beatriz Pascual Sinchez), Hospital Universitario de Burgos (Cristina Labayru Echeverria),
210 Hospital El Bierzo (Lisbeth Gongalves De Freitas, Laura Milian Gay), Complejo Asistencial Universitario de
211 Le6n (Raquel Calleja Fernandez, Alicia Barreales Fonseca), Complejo Asistencial Universitario de Palencia
212 (Almudena Silvia Tinajas Puertas, Irene Lopez-Ramos, Moisés Garcia Bravao), Complejo Asistencial
213 Universitario de Salamanca (Juan Luis Mufioz Bellido), Complejo Asistencial de Segovia (Noelia Arenal
214 Andrés, Cristina Veintimilla Yanez, Susana Hernando Real, M. Rosario Ibafiez Pérez, Federico Miguel Becerra
215 Aparicio, Jestis Martinez Lopez), Complejo Asistencial Universitario de Soria (Pilar Soria, Carmen Aldea
216 Mansilla), Hospital Universitario Rio Hortega (Belén Lorenzo Vidal, Irene Merino Velasco, Mercedes Martin

217 Gil), Hospital Clinica Universitario de Valladolid (Maria Antonia Miguel Gdmez), Complejo Asistencial de

110



Desarrollo

218 Zamora (Cristina Ldpez Mestanza, Jaime Martin Cornejo, Maria Luz Asensio Calle), Hospital Universitari
219 Germans Trias i Pujol (Adridn Antuori Torres), Hospital Universitari Mutua Terrasa (CATLAB) (Eva Cuchi
220 Burgos), Hospital de la Santa Creu i Sant Pau (Ferran Sanchez-Reus, Cristina Lopez-Querol, Jaume Juanola
221 Para), Hospital Clinic de Barcelona (Francesc Marco Reverté, Mateu Espasa), Hospital Universitario de
222 Bellvitge (Josefina Ayats Ardite, Roberto Olmos, David Sanchez Ramos), Hospital Vall de Hebrén (Maria
223 Teresa Martin Gomez), Hospital Josep Trueta (Montserrat Colomer Palau), Hospital Universitario Arnau de
224 Vilanova (Ivan Prats Sanchez), Hospital Universitario Sant Joan de Reus (Isabel Pujol Bajador), Hospital Parc
225 Tauli (Antonio Casabella Pernas), Hospital Universitari de Tarragona Joan XXIIl (Frederic Francesc Gémez
226 Bertomeu, Sergio Pardo Granell, Ester Picé Plana, Maria Dolores Guerrero Torres), Hospital de Tortosa
227 Verge de la Cinta (Maria Mar Olga Pérez Moreno, Eva del Corral Rodriguez), Hospital Universitario de
228 Badajoz (Miguel Fajardo QOlivares), Complejo Hospitalario Universitario de Ciceres (Carmen Pazos Pacheco),
229 Complexo Hospitalario Universitario A Corufia (Maria Dolores Rodriguez-Mayo), Complexo Hospitalario
230 Universitario de Ferrol (Susana Méndez Lage), Hospital Universitario Lucus Augusti (Javier Alba Dominguez,
231 Yolanda Vila Fernandez, y Susana Orol Maseda), Complexo Hospitalario Universitario de Ourense (Ana Cid
232 Lama, Ana Maria Rodriguez Rey), Complexo Hospitalario Universitario de Pontevedra (Maria de los Angeles
233 Pallarés Gonzalez, Raquel Carballo-Fernidndez), Complexo Hospitalario Universitario Santiago de
234 Compostela (Rocio Trastoy Pena), Complexo Hospitalario Universitario de Vigo (Lucia Martinez-Lamas),
235 Hospital de San Pedro de Logrofio (Luis Miguel Soria Blanco), Hospital 12 de Octubre (Ana Pérez-Ayala),
236 Hospital Universitario Ramon y Cajal (Elia Gdmez Garcia de la Pedrosa), Hospital Puerta de Hierro-
237 Majadahonda (Isabel Sanchez-Romero, Sarela Garcfa-Masedo Ferndndez), Hospital Gregorio Marafién
238 (Jesus Guinea, Pilar Escribano, Ana Gémez Nufiez, José Gonzdlez Leiva, Laura Pérez Palomares, Asta
239 Kastanauskaite Liaudansdanskyte, Natalia Diaz Rodriguez, Sarah Montero Pérez, Julia Serrano-Lobo, Elena
240 Reigadas, Patricia Mufioz Garcia de Paredes), Hospital La Paz (Inmaculada Quiles Melero, Paloma Garcia
241 Clemente), Hospital Universitario de Mdstoles (Maria Teresa Duran-Valle), Hospital Fundacidn Jiménez Diaz
242 (lgnacio Gadea, Marta Martin Garcia), Hospital Universitario de |a Princesa (Nelly Zurita, Ainhoa Gutiérrez),
243 Hospital Universitario Severo Ochoa (Maria Soledad Cuétara), Hospital Universitario Cinico San Carlos
244 (Paloma Merino Amador, Irene Diaz de la Torre), Clinica Universidad de Navarra-Pamplona (Mirian
245 Ferndndez-Alonso), Hospital General Universitario de Alicante Doctor Balmis (Irene Arco Montoro, Eugenio

246 Garcia-Figueres), Hospital General Universitario de Elche (Victoria Sanchez Hellin), Hospital General

111



Desarrollo

247 Universitario de Elda (Maria Isabel Gascén Ros, Salvador Raga Borja), Hospital Universitari i Politécnic La Fe
248 (Amparo Valentin Martin, Alba Ruiz Gaitdn), Hospital Clinico Universitario de Valencia (Javier Colomina

249 Rodriguez, Beatriz Olea, Maria de los Angeles Clari).

250

251 Conflict of Interest Statement: All authors report no conflicts of interest relevant to this work.

252 This work was supported by the Fondo de Investigacién Sanitaria (FIS, Instituto de Salud Carlos 111,
253 Plan Estatal de Investigacién Cientifica, Técnica y de Innovacién 2021 —2023 (PEICTI)) [P121/00450]. The
254 study was co-funded by an investigational grant from Gilead Ltd. The study was co-funded by the European
255 Regional Development Fund (FEDER) ‘A way of making Europe.’ The funders had no role in the study design,
256 data collection, analysis, decision to publish, or preparation/content of the manuscript.

257 PE (CPI20/00015) is a recipient of a Miguel Servet contract supported by the FIS. J.G. has received
258 funds for participating in educational activities organised on behalf of Gilead, Pfizer, Mundipharma, and
259 MSD; he has also received research funds from FIS, Gilead, F2G, Scynexis, Mundipharma, and Cidara outside
260 the submitted work. P.E. has received funds for participating in educational activities organised on behalf
261 of Gilead and also received research funds from FIS. The remaining authors do not disclose any conflict of
262 interest within the scope of this manuscript.

263 Part of this study was presented at the 34™ European Congress of Clinical Microbiology and

264 Infectious Diseases (ECCMID) in Barcelona, Spain 2024 (P2934).

10

112



Desarrollo

265 REFERENCES

266 1. Lestrade PPA, Meis JF, Melchers WIG, Verweij PE. Triazole resistance in Aspergillus fumigatus:
267 recent insights and challenges for patient management. Clin Microbiol Infect. 2019;25(7):799-806.

268 2. van der Linden JW, Snelders E, Kampinga GA, Rijnders BJ, Mattsson E, Debets-Ossenkopp YJ, et
269 al. Clinical implications of azole resistance in Aspergillus fumigatus, The Netherlands, 2007-2009. Emerg
270  Infect Dis. 2011;17(10):1846-54.

271 3. Steinmann J, Hamprecht A, Vehreschild MJ, Cornely OA, Buchheidt D, Spiess B, et al.
272 Emergence of azole-resistant invasive aspergillosis in HSCT recipients in Germany. J Antimicrob Chemother.
273 2015;70(5):1522-6.

274 4. Escribano P, Rodriguez-Sanchez B, Diaz-Garcia J, Martin-Gomez MT, |banez-Martinez E,
275 Rodriguez-Mayo M, et al. Azole resistance survey on clinical Aspergillus fumigatus isolates in Spain. Clin
276 Microbiol infect. 2021;27(8):1170 el- e7.

277 5. Ullmann AJ, Aguado JM, Arikan-Akdagli S, Denning DW, Groll AH, Lagrou K, et al. Diagnosis and
278 management of Aspergillus diseases: executive summary of the 2017 ESCMID-ECMM-ERS guideline. Clin
279 Microbiol Infect. 2018;24 Suppl 1:e1-e38.

280 6. Guinea J MJ, Arikan-Akdagli S, Muehlethaler K, Kahlmeter G, Arendrup MC. EUCAST Definitive
281 Document E.Def 9.4. Method for the determination of broth dilution minimum inhibitory concentrations of

282 antifungal agents for conidia forming moulds. http://www.eucast.org 2022.

283 7. Serrano-Lobo J, Gomez A, Reigadas E, Munoz P, Escribano P, Guinea J, et al. Gradient diffusion
284 strips for detecting azole resistance in Aspergillus fumigatus sensu fato. Mycoses. 2023;66(3):196-201.

285 8. Serrano-Lobo J, Reigadas E, Munoz P, Escribano P, Guinea J, Group AS. Azole resistance
286 screening in Aspergillus fumigatus sensu stricto using the azole-containing agar method (EUCAST E.Def
287 10.2): conidial suspension filtration and inoculum adjustment before inoculum preparation may not be
288 needed. J Clin Microbiol. 2024;62(7):e0036924.

289 9. Arendrup MC, Verweij P, Nielsen HV. Evaluation of MIC Strip Isavuconazole Test for
290 Susceptibility Testing of Wild-Type and Non-Wild-Type Aspergillus fumigatus Isolates. Antimicrob Agents

291 Chemother. 2017;61(1).

11

113



Desarrollo

292 10. Idelevich EA, Gross U, Becker K, Bader O. Comparative evaluation of different gradient
293 diffusion tests for detection of azole resistance in Aspergillus fumigatus. Diagn Microbiol Infect Dis.
204  2018;91(1):52-4.

295 11. Espinel-Ingroff A, Turnidge J, Alastruey-lzquierdo A, Botterel F, Canton E, Castro C, et al.
296 Method-Dependent Epidemiological Cutoff Values for Detection of Triazole Resistance in Candida and
297 Aspergillus Species for the Sensititre YeastOne Colorimetric Broth and Etest Agar Diffusion Methods.
298 Antimicrob Agents Chemother. 2019;63(1): e01651-18.

299 12. Espinel-Ingroff A, Turnidge J, Alastruey-lzquierdo A, Dannaoui E, Garcia-Effron G, Guinea J, et
300 al. Posaconazole MIC Distributions for Aspergillus fumigatus Species Complex by Four Methods: Impact of
301 cyp51A Mutations on Estimation of Epidemiological Cutoff Values. Antimicrob Agents Chemother.
302 2018;62(4): eD1916-17.

303 13. Espinel-Ingroff A, Arendrup M, Canton E, Cordoba S, Dannaoui E, Garcia-Rodriguez J, et al.
304 Multicenter Study of Method-Dependent Epidemiological Cutoff Values for Detection of Resistance in
305 Candida spp. and Aspergillus spp. to Amphotericin B and Echinocandins for the Etest Agar Diffusion Method.

306  Antimicrob Agents Chemother. 2017;61(1): e01792-16.

307

12

114



Desarrollo

TABLES AND FIGURES

Table 1. A. fumigatus sensu stricto isolates misclassified by gradient diffusion plastic strips according to

the proposed cut-off

E.Def 9.4 method/gradient diffusion plastic strip with filtered and

Isolate cyp51A gene adjusted inocula/ gradient diffusion plastic strip with unfiltered and
code substitutions unadjusted inocula (MIC, in mg/L)
Itraconazole Voriconazole Posaconazole
6544 TRas-Y121F-T289A  5(0.5)/1.5/2 R(16)/32/32 $(0.25)/0.75/0.75

Bold “R” letters in red and “S” letters in green indicate resistance or susceptibility, respectively, according to the microdilution E.Def
9.4 method. MIC, minimum inhibitory concentration.

Table 2. Essential and categorical agreement between the diffusion plastic strip method using filtered-
adjusted and unfiltered-unadjusted conidia suspensions and the E.Def 9.4 method. Sensitivity and

specificity values of the methods are also shown

Drug Conidia susp_ensmn Categorical Very major Major Essential Sensitivity  Spedifidity
preparation agreement errors errors agreement

Filtered-adjusted 99% 0 2% (n=1) 100% 98%

It I 95.9%
FACconazel®  Unfiltered-unadjusted 99% 0 2% (n=1) 100% 98%
T Filtered-adjusted 100% 0 0 S 100% 100%
Unfiltered-unadjusted 100% 0 0 100% 100%
Posaconazole Filtered-adjusted 99% 0 2% (n=1) 08% 100% 98%
Unfiltered-unadjusted 99% 0 2% (n=1) 100% 98%

Figure 1. Gradient diffusion plastic strip-obtained MIC distributions against the isolates obtained by using
filtered-adjusted (bars above the X-axis) and unfiltered-unadjusted conidial inocula
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Discusion

A. fumigatus ha sido considerado un patégeno de prioridad critica, dada su
ubicuidad, su capacidad de producir enfermedades invasivas, y los niveles crecientes de
resistencia a los azoles. De hecho, la Organizacién Mundial de la Salud lo incluyé dentro
de la lista de patdgenos fungicos prioritarios (WHO FPPL) en 2022. La resistencia a azoles,
farmacos de eleccidn para el tratamiento de las infecciones causadas por estos hongos,

ha aumentado considerablemente a nivel mundial

Las pruebas de sensibilidad antifungica en A. fumigatus han adquirido relevancia no
solo como consecuencia del aumento del nUmero de cepas resistentes, sino también
debido a que las tasas de mortalidad en pacientes infectados por cepas resistentes a los
azoles son significativamente superiores a las de los sujetos infectados por cepas
sensibles . La resistencia a los azoles en A. fumigatus puede
aparecer durante la terapia o por la exposiciéon a fungicidas azdlicos en el medio
ambiente . Ademas, las especies cripticas del complejo pueden
mostrar resistencia intrinseca a la anfotericina B y a los azoles . Las
implicaciones de la resistencia ambiental a los azoles en la eleccion del tratamiento
antifungico primario dependen de la epidemiologia local de la resistencia, ya que una
elevada prevalencia en el medio ambiente determinara la probabilidad de que un

paciente presente una aspergilosis invasiva causada por una cepa resistente.

En este escenario, son fundamentales las estrategias que permitan la deteccion
precoz de la resistencia a los azoles en las cepas clinicas de A. fumigatus en los
laboratorios de Microbiologia Clinica. Actualmente se recomienda realizar pruebas de
sensibilidad, especialmente en regiones con tasas de resistencia superiores al 5%

. Las directrices de la ESCMID de 2018 recomiendan
identificar todas las cepas clinicamente relevantes del género Aspergillus a nivel de
especie, por si se tratase de una especie con resistencia intrinseca, y realizar pruebas de
sensibilidad antifungica para su manejo clinico y estudios epidemioldgicos. La
sensibilidad antifungica debe evaluarse en pacientes con enfermedad invasiva, excepto
en regiones donde los programas de vigilancia no reportan resistencia a azoles; en estos
casos, los estudios epidemioldgicos se deben realizar de forma periddica en un minimo

de 100 cepas

117



Discusion

Entre las pruebas para estudiar la sensibilidad antifungica, el método de
microdilucién en caldo estandarizado por EUCAST presenta una considerable
complejidad técnica, ya que requiere un conocimiento detallado tanto para su
preparacion como para la interpretacion de resultados, ademds de demandar una
cantidad significativa de tiempo. Las placas de agar con azoles, aunque constituyen un
método de cribado estandarizado por EUCAST, pueden implicar un elevado coste debido
a la adquisicidn del material plastico utilizado, ademas del tiempo empleado tanto para
la preparacién manual de las placas como del inéculo de las cepas. En el caso de las tiras
de difusion en gradiente, a pesar de su uso ampliamente extendido en Espafia, no
cuentan con puntos de corte definidos, y tanto la preparacion de los indculos como la

interpretacidn de los resultados carecen de estandarizacion.

Como consecuencia de estas limitaciones, los estudios de sensibilidad antifungica
para hongos filamentosos no suelen realizarse, o bien se realizan con tiras de difusion en
gradiente con las limitaciones que esto conlleva. Ademas, en algunos casos los
resultados pueden retrasarse hasta dos semanas al tener que ser derivadas las cepas a

un laboratorio de referencia.

Este proyecto de tesis se ha enfocado en evaluar y simplificar mediante diversas
estrategias estos tres métodos mencionados, con el fin de facilitar la realizacion de
pruebas de sensibilidad a antifungicos en A. fumigatus, logrando que sean mas

accesibles, objetivas, econdmicas y practicas para el laboratorio de Microbiologia Clinica.

El primer bloque de trabajos de esta tesis se centr6 en evaluar la lectura
espectrofotométrica de las CMIs de azoles y anfotericina B y compararlas con las

visuales.

En 2021, el procedimiento estandar de microdilucion de EUCAST vigente en aquel
momento (E.Def 9.3.2) recomendaba la inspeccion visual para la determinacion de la

CMI de azoles y anfotericina B frente a especies de Aspergillus.

La lectura de la CMI de azoles frente a Aspergillus por medio de métodos de
microdilucién puede resultar controvertida y ser uno de los motivos para no desarrollar
este tipo de estudios en el entorno hospitalario. Estudios anteriores a los aqui

presentados, compararon las lecturas espectrofotométricas y visuales, y mostraron
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excelentes acuerdos esenciales (92%-97%) y categoricos (93-99%). No obstante, la
mayoria de estos estudios utilizaban la metodologia CLSI y se estaban limitados por el
numero bajo de cepas de A. fumigatus sensu stricto analizadas (hasta 133 cepas), la no
inclusion de especies cripticas, ni de cepas resistentes con mutaciones en el gen cyp51A,
asi como un escaso numero de antifungicos estudiado (anfotericina B e itraconazol)

. S6lo uno de estos
estudios utilizé el método EUCAST . En este caso, se evaluaron
los cuatro triazoles (itraconazol, posaconazol, voriconazol e isavuconazol) y 15 cepas con
mutaciones en el gen cyp51A (TR34-L98H, G54, M220 y otras). Sin embargo, este estudio
también estuvo limitado por el bajo nimero de cepas de A. fumigatus sensu stricto (88

cepas) y la ausencia de especies cripticas.

Las lecturas espectrofotométricas de las CMls se basan en la medida de la inhibicion
del crecimiento fungico en presencia, o ausencia, de antifungicos. Los endpoints de
inhibicidn del crecimiento fungico del 90% y el 95%, en comparacién con los pocillos sin
antifuingicos, son los criterios de valoracién mas comidnmente utilizados en los estudios
previos . Un criterio de valoracion estricto
(95%) puede llevar a clasificar erréneamente las cepas como falsamente resistentes; por
el contrario, un criterio de valoracién menos estricto (90%) puede llevar a pasar por alto
cepas verdaderamente resistentes, pero puede ayudar a ignorar artefactos que de otro
modo se interpretarian como crecimiento fungico (por ejemplo, medio RPMI de color
amarillo en pocillos en los que crece A. niger, precipitacién de farmacos antifungicos

insolubles, etc.)

Por otro lado, dado que EUCAST modificd los puntos de corte de los azoles frente a
A. fumigatus sensu lato en 2020, era necesario validar las lecturas espectrofotométricas
incluyendo un gran numero de cepas clasificadas segun los puntos de corte actualizados.
Los valores de los puntos de corte se redujeron para anfotericina B, itraconazol,

voriconazol y posaconazol, y se aumentaron para isavuconazol

En esta tesis, se aprovechd el gran nimero de cepas recogidas en un estudio
epidemioldgico sobre la resistencia a azoles en A. fumigatus sensu lato en Espafia
(ASPEIN) en 2019 procedentes de 30 hospitales y se compararon

las CMlIs obtenidas tanto por lectura visual como por lectura espectrofotométrica,
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utilizando una inhibicion del crecimiento fungico del 95% como definicidon de la CMI,
siguiendo el procedimiento EUCAST E.Def 9.3.2. Se observd que ambas formas de
determinacion de la CMI mostraban acuerdos esenciales/categdéricos muy elevados para
la anfotericina B (98,8%/100%), el itraconazol (94,8%/100%), el posaconazol
(97,3%/100%), el voriconazol (98,3%/98,7%) y el isavuconazol (96,1%/99,3%).

La lectura espectrofotométrica de la CMI permitid la correcta categorizacion como
resistentes de todas las cepas con mutaciones relevantes en el gen cyp51A. No se
encontraron errores en anfotericina B, itraconazol y posaconazol. La mayoria de las
clasificaciones erréneas para voriconazol e isavuconazol se encontraron en CMls en el
ATU (n =10/12 cepas) o sélo una dilucién por encima del punto de corte (n = 2/12 cepas;
CMI = 4 mg/L). La lectura espectrofotométrica dio lugar a una falsa clasificacion como
resistente a voriconazol en seis cepas de A. fumigatus sensu stricto que tenian la
secuencia del gen cyp51A de tipo salvaje o polimorfismos y en dos cepas de N.
udagawae. En isavuconazol, la lectura espectrofotométrica dio lugar a una deteccién
erronea de la resistencia a isavuconazol en tres cepas de A. fumigatus sensu stricto que
tenian la secuencia del gen cyp51A de tipo salvaje y en tres cepas cripticas (dos N.

udagawae y un A. fumigatiaffinis).

El ATU, representa a una zona de incertidumbre para interpretar el valor de la CMI
cuando el punto de corte se encuentra en un lugar donde se produce una confluencia
de cepas de tipo salvaje y cepas mutantes . Las cepas con una CMI
de posaconazol e isavuconazol de 0,25 mg/L y 2 mg/L, respectivamente, no pueden
informarse como sensibles o resistentes. La mayoria de los errores resultaron de una
subestimacion de la resistencia en las CMIs obtenidas por espectrofotémetro y
resultaron ser valores que coincidian con el ATU. Aunque los pacientes infectados por
cepas de A. fumigatus sensu lato resistentes a los azoles presentan una mayor
mortalidad, la resistencia suele estar asociada a mutaciones en el gen cyp51A y algunas
de ellas se asocian a un fenotipo panazol resistente (resistencia de alto nivel)

. En algunos fenotipos solo se afecta la actividad de un unico azol, o de
azoles con estructura molecular similar, y la CMI estd cerca del punto de corte clinico, lo
que da lugar a una resistencia de bajo nivel . Estudios anteriores

han demostrado que los pacientes infectados por A. fumigatus resistentes a voriconazol
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de bajo nivel (CMI =2 mg/L), y A. fumigatus resistentes a isavuconazol de bajo nivel (CMI
=2 mg/L) podrian ser tratados con voriconazol o isavuconazol, respectivamente, siempre

que se administren dosis mas altas

Para evaluar la idoneidad de la espectrofotometria como alternativa a las lecturas
visuales de CMls, era necesario realizar una evaluacién similar a la anteriormente
comentada, pero usando una inhibicion del crecimiento del 90% como definicion de la
CMI. Para esto se utilizaron las mismas cepas del estudio anterior en el que se estudiaron
las CMls de azoles y anfotericina B utilizando dicha inhibicidn del 90%. Las CMI obtenidas
se compararon con las obtenidas anteriormente utilizando la lectura

espectrofotométrica de inhibicidn del crecimiento fungico del 95%.

Las lecturas espectrofotométricas, utilizando tanto la inhibicidon del crecimiento
fungico del 90% como la del 95% y comparadas con las lecturas visuales, tuvieron altos
acuerdos esenciales y categoricos. Y por ello, ambos endpoints de inhibicion fungica son
una buena alternativa a la determinacidn visual de la CMI. En cuanto a la inhibicién del
90%, en A. fumigatus sensu stricto, se encontraron pocos errores muy graves (falsa
sensibilidad), los cuales fueron en cepas con valores de CMIs de voriconazol en ATU y
ninguno de ellos era portador de mutaciones relevantes en el gen cyp51A. Hubo una
disminucion del numero de errores graves de voriconazol (falsa resistencia) en
comparacion con el criterio de inhibicidn del 95%. En el caso concreto de las especies
cripticas, los acuerdos fueron mayores con el endpoint de inhibicion fungica del 95%. En
las especies cripticas, se observé un aumento (anfotericina B, itraconazol, posaconazol)
0 un numero similar (voriconazol e isavuconazol) de errores muy graves para el endpoint

de inhibicidn del 90% vy, por el contrario, no se encontraron errores graves.

En marzo de 2022, EUCAST publico la nueva versidn del procedimiento E.Def 9.4, en
la que a la luz de la publicacién de datos procedentes de diferentes laboratorios — entre
los que se encuentran los recogidos en esta tesis — confirmando la correcta clasificaciéon
de las cepas como sensibles o resistentes

, se incorporaba la lectura espectrofotométrica, con un
endpoint del 90% para las CMIs de anfotericina B y azoles frente a A. fumigatus
. El estudio de Meletiadis y colaboradores de 2022, realizado con 200 cepas

de A. fumigatus sensu stricto, reportaba un acuerdo categorico del 100% para ambos
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endpoints (90% y 95%), el acuerdo esencial fue mayor para el endpoint de inhibicion del
crecimiento fungico del 90%, con el cual no se encontraron errores graves, y, sin
embargo, con el endpoint de inhibicion del crecimiento fdngico del 95%, se encontraron
8 errores graves. En esta tesis, aunque en las especies cripticas fue superior el endpoint
de inhibicion del 95%, en A. fumigatus sensu stricto ambos endpoints fueron
practicamente iguales, con la Unica excepcidén de una cepa que mostré un error menor
en voriconazol con el endpoint de inhibicidn del 95%, y se clasificé correctamente como

sensible utilizando el endpoint de inhibicion del 90%.

Si bien la lectura espectrofotométrica aporta objetividad y facilita la lectura de las
CMls, sigue siendo metodolégicamente complejo implementar estudios de
microdilucién en caldo en los laboratorios de Microbiologia Clinica. Por tanto, hay que
recurrir a métodos comerciales o tecnologia menos compleja. Hasta la fecha, los
métodos comerciales para las pruebas de sensibilidad antifungica frente a Aspergillus
spp., para uso diario en un laboratorio de Microbiologia Clinica, no han sido bien
validados. Las evaluaciones previas de Sensititre YeastOne y Etest® frente A. fumigatus
mostraron resultados variables y, ademas, los estudios que mostraron los acuerdos
categdricos mas altos con los métodos de referencia de microdilucién en caldo evaluaron

un numero bajo de cepas con mutaciones y excluyeron las especies cripticas

Las placas de agar con azoles son una alternativa que puede ayudar a superar las
limitaciones mencionadas. Diversos estudios, incluyendo una validacién multicéntrica
del método utilizando tanto placas VIPcheck© como placas elaboradas en los propios
laboratorios participantes, demostraron un excelente rendimiento de las placas que
contienen azoles para detectar cepas resistentes. Los resultados mostraron una alta
correlacidon con el método de microdilucién de EUCAST. Esto permitié que EUCAST

desarrollara el método E.Def 10 e implementara el procedimiento para uso rutinario

Las placas comerciales son una buena alternativa, sin embargo, no estan disponibles
en todos los paises, y su precio es elevado. La preparacion de las placas de manera casera
comporta decidir qué tipo de material plastico se deben utilizar. Los estudios previos a

los realizados en esta tesis no incluyeron especies cripticas, ni habian evaluado el
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impacto del uso de diferentes tipos de plasticos para la preparacion de las placas de

forma casera.

En esta tesis se confirmd el buen rendimiento de las placas que contienen azoles
para detectar la resistencia a azoles en A. fumigatus sensu stricto. El patrén de resistencia
se dedujo facilmente a partir del crecimiento en pocillos de agar con azoles. Asi, las
sustituciones TR34-L98H pueden sospecharse en cepas que crecen en agares que
contienen itraconazol y voriconazol, las sustituciones G54 pueden sospecharse en cepas
que crecen en agares que contienen itraconazol y posaconazol, y las sustituciones TRass-
Y121F-T289A pueden sospecharse en cepas que crecen exclusivamente en placas de

agar que contienen voriconazol.

Ademas, el tipo de plastico utilizado no tuvo impacto en los valores de sensibilidad
y especificidad del procedimiento, lo cual supone una ventaja econdmica a la hora de
preparar las placas de agar con azoles de forma casera. En itraconazol no hubo errores
muy graves. En voriconazol se produjeron errores muy graves (1,1%) solo en una cepa
con una CMI en ATU (2 mg/L) y que no albergaba una mutacién que se correlacionara
claramente con la resistencia a azoles. En posaconazol, el nimero de errores muy graves
si fue mas elevado, lo que podria deberse a la alta concentracién del farmaco en la placa
de agar (0,5 mg/L), superior al punto de corte de EUCAST para posaconazol (0,25 mg/L,
coincidente con el ATU). Los errores graves con itraconazol y voriconazol sélo se
produjeron en unas pocas cepas (1,1%-4,4%) que muestran un crecimiento fungico débil.
En cambio, todas las cepas que albergaban sustituciones relevantes (TR3s-L98H, G54R y
TR46-Y121F-T289A) crecieron vigorosamente en placas que contienen itraconazol vy
voriconazol, en consonancia con su perfil de sensibilidad segun el método de
microdilucién. En posaconazol los errores graves solo se produjeron en una cepa que
mostraba también un crecimiento débil. Un crecimiento vigoroso debe hacer saltar la
alarma sobre la presencia de cepas verdaderamente resistentes, mientras que un

crecimiento fungico débil puede implicar una falsa resistencia (Figura 12).
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Figura 12. Diferencias entre un crecimiento vigoroso y un crecimiento débil en las placas de agar con

azoles.

No obstante, independientemente del grado de crecimiento observado, y aunque
este método pueda constituir un recurso valioso para el cribado de resistencia a azoles
y la deteccién de crecimiento flngico deba considerarse como un indicio importante
para ajustar el tratamiento del paciente, se deben confirmar los hallazgos mediante

métodos de referencia de microdilucion

En el caso de las especies cripticas, el rendimiento de las placas de agar que
contienen azoles fue mucho menor, y los pocillos de agar que contienen voriconazol
mostraron la mayor sensibilidad en la deteccidn de resistencia frente a estas especies.
Se observé un crecimiento débil (falsa resistencia), especialmente en las placas que
contienen itraconazol, en un nimero alto de especies cripticas sensibles a los azoles. El
menor rendimiento observado en el caso de las especies cripticas podria atribuirse a su
crecimiento mas lento, baja capacidad de esporulacion y, por lo tanto, a la menor
homogeneidad de las conidias en los indculos. Futuros estudios deberan enfocarse en
estas especies cripticas para determinar si el rendimiento del método mejora al
incrementar el tiempo de incubacién de las placas de agar que contienen azoles, y/o al
emplear indculos de conidias estandarizados mediante el uso de una cdmara de

Neubauer.

Con el fin de aliviar la carga de trabajo del laboratorio, se estudié si se podian
simplificar los métodos omitiendo el filtrado de las suspensiones de conidias antes de la
preparacion del indculo, ya que la forma de preparacion del indculo es la misma que para
inocular las placas de microdilucién segin E.Def 9.4. En general, observamos que la
sensibilidad (100%) y la especificidad (98,2%) del método de cribado en agar son

elevadas y no se veian afectadas cuando las placas se inoculaban con suspensiones de
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conidias sin filtrar. Se observaron pocas discrepancias cuando se utilizaban suspensiones
de conidias sin filtrar para el posaconazol y ninguna para el itraconazol y el voriconazol.
Ademas, omitir el filtrado de la suspensiéon de conidias no condujo a errores en la

clasificacion de cepas con sustituciones TR34-L98H, G54R o TR46-Y121F-T289A.

Para simplificar todavia mds la metodologia, se omitié el ajuste del in6culo a 0,5
MacFarland antes de proceder a inocular las placas de agar con azoles. En general, se
observé que el rendimiento del método de cribado en agar no se veia afectado cuando
las placas se inocularon con suspensiones de conidias sin filtrar ni ajustar, y sélo se
observaron algunas discrepancias en las placas con agares que contenian posaconazol.
Omitir el ajuste del indculo no condujo a errores en la deteccidon de las cepas que

albergaban la sustitucion TR34-L98H.

Debido al elevado nimero de errores muy graves encontrados en los agares con
posaconazol, especialmente en cepas que presentaban la sustitucion TR34-L98H con
niveles bajos de resistencia a este fdrmaco y que no lograron crecer en presencia de
posaconazol, se considerd que esto podria atribuirse a la alta concentracion de farmaco
en el pocillo (0,5 mg/L). Cabe destacar que el método E.Def 10.1 fue disefiado con
concentraciones ajustadas a los puntos de corte vigentes en ese momento. Por lo tanto,
se adaptd la concentracion final de posaconazol en el agar a los puntos de corte
actualizados de EUCAST (v10), estableciéndola en 0,25 mg/L. Esta concentracion
reducida de posaconazol en las placas de agar podria aumentar los errores graves; sin
embargo, también podria reducir los errores muy graves en la deteccidn de cepas TR3s-
L98H con resistencia de bajo nivel al posaconazol. En un estudio reciente, Lucio y
colaboradores encontraron una buena concordancia al reducir la concentracion de
posaconazol a la mitad (de 0,5 mg/L a 0,25 mg/L) en cepas con sustituciones TR34-L98H,
TRs3 y TR4s-Y121F-T289A . En el caso de esta tesis, la reduccion de la
concentracion de posaconazol a 0,25 mg/L en los pocillos de agar condujo a una
disminucion en el nimero de errores muy graves, especialmente en cepas con
sustitucion TR3s-L98H con resistencia de bajo nivel al posaconazol, sin un incremento en
el nimero de errores graves. En cualquier caso, estas discrepancias resultaron poco

preocupantes, ya que las cepas resistentes a este antifungico lograron crecer en los
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pocillos que contenian itraconazol y, por consiguiente, el resultado en el pocillo de agar

con posaconazol podria omitirse.

El método de las tiras de difusidén en gradiente es el método mas utilizado en los
laboratorios de Microbiologia Clinica, pero tiene la limitacion de que no se cuenta con
puntos de corte para interpretar los valores de CMIs, como se ha comentado
previamente. En esta tesis se estudio el método de las tiras de difusién en gradiente con
objeto de proponer unos puntos de corte orientativos para interpretar los valores de

CMls obtenidos frente a cepas de A. fumigatus sensu lato.

Estudios anteriores, compararon el método de microdilucién de E.Def 9.4 con las
tiras de difusidon en gradiente, y encontraron acuerdos categdricos elevados, pero
aungue incluian cepas de A. fumigatus de tipo salvaje y cepas con mutaciones en el gen
cyp51A (TR3a-L98H, TRae-Y121F-T289A, M220 y G54), estaban limitados por el bajo
numero de estas ultimas, los agentes antifungicos seleccionados y la ausencia de
especies cripticas . Espinel-Ingroff y
colaboradores, utilizando el método de microdiluciéon CLSI, propuso puntos de corte
epidemioldgicos frente a A. fumigatus sensu stricto para itraconazol (2 mg/L),

voriconazol (0,5 mg/L) y posaconazol (0,25 mg/L)

Los puntos de corte propuestos por Espinel-Ingroff y colaboradores fueron similares
a los propuestos en esta tesis, itraconazol (1 mg/L), voriconazol (0,5 mg/L) y posaconazol
(0,25 mg/L) y detectaron las cepas de A. fumigatus sensu stricto resistentes. Los valores
de sensibilidad y especificidad fueron superiores al 97%. Los errores detectados fueron
escasos, encontrdndose sélo un error grave en una cepa con la sustitucion TR4e-Y121F-

T289A.

Se estudiaron también especies cripticas por primera vez, pero en este caso al igual
gue se observé en las placas de agar que contienen azoles, el rendimiento fue bajo y sélo
se pudieron proponer valores de corte de CMIs para voriconazol (>1 mg/L) e
isavuconazol (>0,75 mg/L) con un elevado nimero de cepas que resultaron falsamente
sensibles a esos farmacos. El bajo rendimiento con especies cripticas puede deberse, al

igual que en el método de las placas que contienen azoles, a la escasa esporulacion de
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las cepas, que podria dar lugar a indculos de conidias irregulares y, por consiguiente, a

un crecimiento también irregular en las placas de RPMI.

De la misma manera que se hizo con el método de las placas de agar que contienen
azoles, se intentd simplificar el método de las tiras de difusidn en gradiente omitiendo
el filtrado y el ajuste del inéculo. Debido al bajo rendimiento obtenido en las especies
cripticas, estas no fueron aqui estudiadas. Los requisitos de preparacién de placas con
tiras de difusiéon en gradiente con indculos filtrados y ajustados son idénticos a los
utilizados para inocular placas de microdilucién siguiendo el método E.Def 9.4. Aqui se
demuestra que el rendimiento del método de tiras de difusién en gradiente apenas se

veia afectado por la forma en que se preparaba el indculo.

El acuerdo esencial entre ambas formas de preparacion del indculo fue del 95,5%
para itraconazol y del 98% para voriconazol y posaconazol. Sélo se observaron dos
discrepancias cuando se utilizaron suspensiones de conidias sin filtrar ni ajustar; sin
embargo, éstas no condujeron a errores categoricos. Se encontrd una discrepancia
categdrica en una cepa que albergaba la sustitucion G448S, que se clasifico falsamente
como sensible a posaconazol (CMI EUCAST de 0,25 mg/L, ATU) con una CMI en tira de
difusion en gradiente de 0,25 mg/L al usar el inéculo sin filtrar ni ajustar (muy cercana al
valor de corte de CMI >0,25 mg/L propuesto) y con una CMI al usar el indculo filtrado y
ajustado de 0,38 mg/L. Futuros estudios con un mayor nimero de cepas deberan
clarificar si puede ser necesario establecer un ATU en las CMI de posaconazol obtenidas
por tiras de difusidon en gradiente, ya que podria existir confluencia de cepas de tipo
salvaje y cepas mutantes, al igual que ocurre con las CMIs obtenidas por microdilucion

en caldo.

Estos puntos de corte deberian ser validados en estudios multicéntricos, pero hasta
que se estandaricen, podrian utilizarse en el laboratorio para guiar la interpretacion de
los resultados de CMIs y poder asi alertar sobre la necesidad de ajuste del tratamiento
en aquellos casos en los que las CMlIs se encuentren por encima, enviando solo en estos
casos las cepas a un centro de referencia para confirmar los hallazgos mediante métodos

de microdilucion.

En estudios futuros sera fundamental incorporar los nuevos antifungicos con

actividad frente a Aspergillus que se vayan integrando en la practica clinica (olorofima,
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ibrexafungerp, opelconazol, rezafungina y fosmanogepix), con el fin de evaluar la
aplicabilidad de los tres métodos analizados. Ademds, como se ha mencionado
previamente, los estudios futuros que utilicen los métodos de placas de agar con azoles
y tiras de difusidn en gradiente deberian enfocarse en la optimizacion de estos para las
especies cripticas. Esto permitird determinar si la eficacia del método mejora al
aumentar el tiempo de incubacion de las placas y al emplear indculos de conidias

estandarizados mediante el uso de una cdmara de Neubauer.

La presente tesis tiene ciertas limitaciones. En primer lugar, es necesaria la
realizacién de estudios adicionales en los que se incluyan cepas resistentes con una gama
mas amplia de mutaciones y con una mayor representacion de cepas con la sustitucion
TR46-Y121F-T289A. En segundo lugar, en el caso del método de placas de agares con
azoles y de las tiras de difusion en gradiente, para poder validar las conclusiones

extraidas en nuestros estudios, son necesarios estudios externos y multicéntricos.
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Conclusiones

1. La lectura espectrofotométrica es una alternativa rapida, objetiva y
automatizada, a la lectura visual de las CMIs de azoles y anfotericina B frente a A.

fumigatus sensu lato.

2. La lectura espectrofotométrica de las CMlIs de azoles y anfotericina B frente a A.
fumigatus sensu stricto, utilizando tanto el endpoint de inhibicién del crecimiento
fungico del 90% como del 95% y comparadas con las lecturas visuales, tienen una

elevada concordancia.

3. El método de las placas de agar con azoles (EUCAST E.Def 10.2), es un método de
cribado util, independientemente del tipo de plastico utilizado, para diferenciar entre

cepas de A. fumigatus sensu stricto sensibles y resistentes a los azoles.

4. El método de las tiras de difusion en gradiente es un método sencillo y util para
el cribado de la resistencia a azoles en cepas de A. fumigatus sensu stricto si las CMls
obtenidas se interpretan de la siguiente manera: itraconazol >1 mg/L, voriconazol >0,5

mg/Ly posaconazol >0,25 mg/L.

5. Cuando se realiza el cribado de la resistencia a azoles en A. fumigatus sensu
stricto, ni la omision de la filtracidn ni la del ajuste a 0,5 McFarland de las suspensiones
de conidias influyé negativamente en el rendimiento del método de las placas de agar

con azoles (EUCAST E.Def 10.2), o en el método de las tiras de difusidon en gradiente.

6. Los métodos de cribado de resistencia, usando tanto placas con azoles o tiras de
difusidon en gradiente de concentraciéon, no mostraron un buen rendimiento para la
deteccidén de resistencia a azoles frente a cepas pertenecientes a especies cripticas del

complejo Fumigati.
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Anexo

Comunicaciones como primera autora enviadas a congresos

internacionales o nacionales derivadas de esta tesis

9th Advances Against Aspergillosis & Mucormycosis Conference

- Clinical Aspergillus isolates causing aspergillosis in the last 20 years: an

overview of aetiology and antifungal resistance to azoles and amphotericin B.
31t European Society of Clinical Microbiology and Infectious Diseases
- Azole resistance screening in Aspergillus fumigatus clinical isolates using
azole-containing agar plates (EUCAST E.Def 10.1): low impact of plastic trays
used and poor performance against cryptic species.
32" European Society of Clinical Microbiology and Infectious Diseases

- Tentative cut-off MIC values using gradient diffusion plastic strips: accurate

detection of azole resistance in Aspergillus fumigatus sensu stricto.

- Azole resistance screening in Aspergillus fumigatus using azole-containing
agar plates (EUCAST E. Def 10.1). Good news for the routine clinical mycology!

Filtration of inoculum suspensions is not needed.

33" European Society of Clinical Microbiology and Infectious Diseases

- EUCAST-obtained MICs of azoles and amphotericin B against Aspergillus
fumigatus sensu stricto: Spectrophotometric readings and visual inspections

showed high agreement.
- EUCAST-obtained olorofim MICs against non-fumigatus Aspergillus clinical

isolates:  high  agreements between visual inspections and

spectrophotometric readings.
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XXVI Congreso Nacional de la Sociedad Espaiiola de Enfermedades Infecciosas

y Microbiologia Clinica

- Deteccidn de resistencia a azoles en Aspergillus fumigatus usando placas de
agar (EUCAST E. Def 10.2): la preparacion del inéculo no requiere filtrado ni

ajuste previo.

34t European Society of Clinical Microbiology and Infectious Diseases

- Olorofim showed potent in vitro activity against Aspergillus spp. clinical
isolates collected in a national survey on azole resistance conducted in Spain

in 2022 (ASPEIN 11).
- Gradient diffusion plastic strip for detection of azole resistance in Aspergillus

fumigatus sensu stricto: inoculum preparation might not require prior

filtration and adjustment.
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Clinical Aspergillus isolates causing aspergillosis in the last 20 years: an averview of aetiology and
antifungal resistance to azoles and amphotericin B
J. Serrano-Lobo*?, E. Reigadas®?, A. Vena*?, M. Machado®?, P. Mufioz¥*34, P, Escribano?, J. Guinea2s3:4

* Clinical Microbiology and Infectious Diseases, Hospital General Universitario Gregoric Marafion, Madrid, Spain. * Instituto de Investigacion Sanitaria Gregorio Marafion, Madrid, Spain. » CIBER
Enfermedades Respiratorias-CIBERES (CBo6/06/0058), Madrid, Spain. * Medicine Department, Faculty of Medicine, Universidad Complutense de Madrid

IN DUCTION AND PURPOSE MATERIAL AND METHOD

There is a plethora of reports alerting on the raise in the number of azole-resistant Aspergilfus spp isolates in
different European countries. In contrast, data from Southern Eurape is scarce.

The Clinical Microbiology and Infectious Diseases Department of Gregorio Maraiion Hospital, a large tertiary Asper_qillus spp- (n=356)
hospital located in Madrid, Spain, acts as a watchtower of invasive fungal infections in the hospital where all

patients with Aspergitlus isolation are followed up. Isolates from 264 patients with proven (n-30) ar
probable aspergillosis

Admitted to Gregoria Marafion Hospital
We here report the identification and antifungal susceptibility to amphotericin B, itracenazole, voriconazale, {1 isolate per species and patient) {Jan 109 - Dec 2038)

posaconazole, and isavuconazole of a collection of clinically sig
cared at our hospital in the last two decades.

ESULTS

= The aetiology of agents causing invasive aspergillosis is shown in Figure 1:

ficant Aspergillus spp. isolates from patients

Melecular Identification

Amplification and sequencing of Phy oo enerea nays

B-tub gene
Versicolores TOHELSL,
,4,1% 0%
Usti , 6, 2%,

Nidulantes, . s
8, 2% Antifungal Susceptibility EUCAST g9.3.2
Nigri, 22,7, AmB, ITC, WOR, POS, and 154
6% Breakpaints table v 5.0 R e
Fumigati, (Resistance, MIC of ITC andjarVOR = 4 mgfL) izl A fymigeis
Flavi , 39, - 246, 69%
11%
* Overall resistance to amphotericin B and azoles was 4.5% and 8.15%, respectively.
* In non-Fumigati sections, azole resistance was found in Terrei (2/31; A. terreus sensuy stricto, n=1; A
1a b citrinaterreus, n=1) and Nidulantes {1/8; Emericella nidulans).
: = lsolates of Fumigati section showed the highest rate of antifungal resistance with the cryptic species
Figure 2. 5pecies distribution by sections (1a) or species identification (1b} of the 356 isolates tested. as the ones mostly affected (Table 1).
= The vast majority of patients were infected by A. fumigatus sensu stricta and the number Ta‘l;ie 1. Percentage of resistance {No. of isolates) of the 356 isolates against azoles and amphotericin B. |
of patients infected by cryptic species was variable and erratic (Figure 3).
P Y ryp P (Fig 3) Percentage of resistance {No. of isolates) % of
75 i /
HAMSS  WCryplic W Afum S5+ cryptic 003 DEs 028 02n 05 1 2 9 SR newwildtype
20 Amphotericin B 0 1 2 9% 117 11 2 0 0 0/os8
, Itraconazole 0 [} 8 8 125 9 1 0 1 0.45/0.9
A. fumigatus §S N
15 (n=229) Voriconazole ¢} o [} 10 97 108 12 1 1 0.9/6
n=.
Posaconazale 7 104 91 25 2 0 0o 0 0 09709
10 Isavuconazole ¢} o (¢} 14 122 82 9 0 2 5/0.9
Amphaotericin B o Q o ) 1 1 7 5 3 475/88.2
5 . " Itraconazole 4] 0 o] 1 5 4 5 @0 2 12741
Cryptic species B
{ne17) Voriconazole 0 ¢} 0 0 o0 1 1 3 2 29/94
[} Posaconazole o o s 9 2 1 0 0 0 18/17.6
qf? @“ m‘P o 1’@@ 1’@ @"’ 196‘ 1@‘5 '\SP% e @0 o ,@'s _b“«f! ,@«3’ ny )‘p;a Isavuconazole o o ] 6 0 9 & 2 O 47 /117

Bt e bl it s sl unides iread s nbers ndic e san &7 1yps ol S 4 TCOFFs

* The percentage of A. fumigatus sensu stricto isolates resistant to one or more azoles ranged from

Figure 2. Number of patients infected by A. fumigatus complex species per year of the study period. | 0.4% (itraconazole) to 5% (isavuconazole) (Table 1).
+ Most of isavuconazole-resistant isolates had an MIC = 2 mg/L but were susceptible to the remaining
Amphotericin B Itraconazole Voriconazole azoles and had a C)’P51A wild type sequence
“ --7 = * Cyps1A gene mutations were found in isolates from 2 patients (Table 2) and showed cross resistance
- u to azoles.
©
= “ Table 2. Isolates from two patients infected by azole-resistant A. fumigatus sensu stricto isolates. |
3 = — |
i VS w ow om a0 i @ & MIC {mg/L 1A
—— WS Year Diagnosis {ma/L) eyps Risk factors (clinical form)

AmB ITC  VOR POS ISA gene
2011 Proven 0.5 2{l) 216{R)0.5(R)B(R) G4485 Tympanoctomy (Brain aspergillosis)
2012 Probable 0.25 216 (R} 4(R} 0.5(R) B (R) TR,,98H Liver disease + HIV (Pulmonary aspergillosis)

TR . CONCLUSION _

Figure 3. MIC distributions of azoles and amphotericin B against A. furmigatus sensu St"‘ﬂﬂ‘ - A fumigatus complex represented around 70% of the isolates causing invasive aspergillosis at our center.
isolates.

» The rate of resistance to azoles and amphotericin B in A. fumigatus sensu stricto was lower than 1%, highly
- impacted by the presence of cryptic species, and has not shown any sign of increase over the years.
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Tentative cut-off MIC values using gradient diffusion plastic strips: accurate detection of

azole resistance in Aspergillus fumigatus sensu stricto

J. SERRANO-LOBO'?, A. GOMEZ12, E. REIGADAS 2, P. MURNOZ1224, P. ESCRIBANO™2, J. GUINEA222 on behalf of the ASPEIN Study Group
'Clinical Microbiology and Infectious Diseases, Hospital General Universitario Gregorio Marafién, Madrid, Spain. “Instituto de Investigacion Sanitaria Gregorio Marafién, Madrid, Spain. 'CIBER Enfermedades Respiratorias-CIBERES
(CBO6/06/0058), Madrid, Spain. *Medicine Department, Faculty of Medicine, Universidad Complutense de Madrid

INTRODUCTION AlM

Although gradient diffusion plastic strips are widely utilized in clinical microbiology The objective of this work is to evaluate the performance of gradient diffusion

laboratories, interpretive criteria are not available for azole susceptibility testing plastic strips to detect azole resistance in clinical A. fumigatus sensu stricto isolates.
against Aspergillus fumigatus sensu stricto.

A. fumigatus sensu stricto Antifungal susceptibility to itraconazole, Gradient diffusion plastic strips- Cut-o.ff settllng to separate
{n=89) voriconazole, posaconazole and obtained MIC distributions resistant isolates from
VI{ isavuconazole susceptible ones

54 azole-susceptible isolates A

35 azole-resistant isolates (Table 1)

EUCAST 9.4 Gradient diffusion plastic strips
No. of isolates resistant to itraconazole (n=33), . ® n: : 1 .
voriconazole (n=30), posaconazole (n=33) and (EUCAST breakpmnts VlO) (ETEST » Biomerieux, Marcy 1 Etoile,
isavuconazole (n=30) Gold standard France)

Table 1. Cyp51A gene substitutions of the

e i MICs were obtained by following the manufacturer's
azole-resistant isolates

guidelines after 48h of incubation (Figure 1)

51A bstitution: Mogot

Cyp. gene substitutions tolates

TR3,-L98H 24

G54 1 All discrepancies between EUCAST 9.4 and gradient diffusion plastic strips method y

TR Y121F-T289A 1 were retested k -y

FA6Y-M172V-N248T-D255E-E427K 1

F165L 1 Figure 1. Interpretation of the MICs values using gradient
None (cyp51A gene wild-type) 3 diffusion plastic strips (orange arrows)

RESULTS

Figure 2. Gradient diffusion plastic strips-obtained MIC distributions of azoles against A. fumigatus

% Al isolates with Itraconazole MICs of >2 mg/L, or voriconazole,
posaconazole, and isavuconazole MICs of >0.5 mg/L were azole-resistant
isolates.

Itraconazole Voriconazole

|
Zl
» ‘
0 ‘
15
0 -
‘|
o L - .

0s 1 2 4 e 216

Posaconazole Isavuconazole

o,

“* Using such cut-off values, two resistant cyp51A-wild-type gene isolates
: were incorrectly classified as susceptible to voriconazole and isavuconazole
I (one of the isolates was also misclassified as susceptible to itraconazole and
3 posaconazole as well) (Table 2 and Figure 2).

cwBHERBEERS

puge—y § B ey § e

003 006 0125 035 05 1 2 216
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< The profile of azole resistance in isolates harbouring G54 or TRy,-L98H

cyp51A gene substitutions was correctly detected by using such cut-off
values.

s

< Sensitivity and Specificity of the cut-off values to detect azole resistance
Al _mlle_= = ==l was very high {Figure 3}
o — — o —
2 4 0s 1 2 4 £l

T ST AR BB 2 S W o e Figure 3. Sensitivity and specificity values of gradient diffusion plastic strips to
detect azole resistance

B R84

-1

216
W Susceptible isolates according to EUCAST E.Def, 9.4

W Resistantisolates according to EUCAST E.Def. 9.4

Table 2. Isolates false classified as susceptible by the Etest according to the cut-off Ek 93.3% 7% 93.3%
values proposed

Cyp51A  E.Def 9.4 method (MIC, in mg/L) / E-test (MIC, in mg/L)

Isolate
gene o S
code e hictic Itraconazole Voriconazole Posaconazole Isavuconazole 100% 1100% 100%
6545  Wild-type 5(0.25)/0.5 R(4)/0.25  5(0.125)/0.125 R(8)/0.25
6567  Wild-type R(16)/2 R(2)/0.5 R(0.5)/0.25 R(4)/0.5 Itr | Vori | P 1 Isavt 1

Sensitivity = Specificity

CONCLUSIONS

We have been able to set tentative cut-off MIC values to correctly spot azole-resistant Aspergillus fumigatus isolates using gradient diffusion plastic strips.

Only few errors (false susceptibility) were found and never occurred in isolates harbouring either the G54 or TR;,-L98H cyp51A gene substitutions.

o from For

Salud Carlos I; Plan Naclonal dé 1+D+1 2021-2023)
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Azole resistance screening in Aspergillus fumigatus using azole-containing agar plates (EUCAST E.Def

10.1). Good news for the routine clinical mycology! Filtration of inoculum suspensions is not needed

J. SERRANO-LOBO?, A. GOMEZ!2, E. REIGADAS, P. MUNOZ%234, P. ESCRIBANO!2, J. GUINEAL23 on behalf of the ASPEIN Study Group
Clinical Microbiology and Infectious Diseases, Hospital General Universitario Gregorio Marafién, Madrid, Spain. “Instituto de Investigacién Sanitaria Gregorio Marafidn, Madrid, Spain. “CIBER Enfermedades Respiratorias-CIBERES
(CBO6/06/0058), Madrid, Spain. ‘Medicine Department, Faculty of Medicine, Universidad Complutense de Madrid

INTRODUCTION

Azole resistance screening in A. fumigatus isolates can be routinely carried out by
using azole-containing plates (E.Def 10.1 method), a straightforward and easy-to-
perform EUCAST method. E.Def 10.1 requires filtering conidial suspensions prior

AIM

The objective of this work is to evaluate whether skipping the filtration step of
conidial suspensions prior inoculum adjustment negatively influences the
performance of the azole-containing agar method (EUCAST E.Def 10.1) to screen for

inoculum adjustment, which takes time, increases laboratory workload and is
cumbersome.

azole resistance in A. fumigatus.

‘Table 1. Cyp51A gene substitutions in azole-resistant isolates

METHODS .~ 54 arzole-susceptible isolates o of
e g Cyp51A gene substitutions . 248
~ isolates

TRss-L98H 26
. ; G54

A. fumigatus sensu stricto {(n=92)

38 azole-resistant isolates (Table 1) TRys-Y121F-T289A i

FABY-M172V-N248T-D255E-E42 7K 1

v . EUCAST E.Def 9.4 (EUCAST breakpoints v10) F165L 1

o G448S ¥

Antifungal susceptibility to itraconazole, None (cypS1A gene wild-type) 3

voriconazole and posaconazole \\

™y EUCAST E.Def 10.1:

Conidial suspensions
red (Merck

illipore®, Nylon Net
Filter 11.0 pm)

Inoculum adjustment
0.5 McFarland

Inoculation of plates

v

°m\ ./;\e

Conidial suspensions.
prepared in distilled
water (Tween 20 0.1%)

Calculation of sensitivity, specificity and
categorical agreement

} o5 . Ermn
. L“‘mxll) control
Inoculum .

0.5 MeFarland Inoculation of plates

RESULTS

= Qverall, sensitivity and specificity was 100% and 98.2% regardless the filtration of
the conidial suspension.

Table 3. Very major errors (VME, false susceptibility) and major errors (ME, false resistance) found
in the isolates tested and using both kinds of inoculums preparation

= Agreements for the agar screening method with either unfiltered or filtered imE:.cE::l'J::::ﬁ:z:f;;ii::?;zi’!’:)r{lu:gf:::l:‘t’es
conidial suspensions were high for itraconazole (100%), voriconazole (100%), and Isolate code CVPS‘I_A g_e"e Errors
= substitutions .
posaconazole (97.8%) (Table 2). I Vor Py
= All isolates harbouring TR;,-L98H, GS54R and TR,.-Y121F-T283A substitutions 3917 64485 R(2)/s/5 R/R/R R(0.25)/5/5
were correctly classified by the agar screening method for unfiltered and filtered 6433 F165L R/R/R R(2)/5/s R{0.5)/5/5
suspensions. 4728 TR;4-L98H R/R/R R/R/R R{0.5)/5/5
6118 TR;,-L98H R/R/R R/R/R R{0.5)/5/5
= Discrepancies between unfiltered and filtered conidial suspensions were only 6293 TRy-LO8H R/R/R R/R/R R(0.5)/5/5
ncut(led. in two isclxlates harbouring the .TRl;f,-LQSH substitut\‘cl)n,.in which filtered 6308 TR,,-L98H R/R/R R/R/R R(0.5)/5/5
conidial suspension led to false susceptibility to posaconazole (isolates 6432 and e TR,-LogH RIR/R R/RIR R(0.5}/5/5
6444; Table 3).
6319 TRy4-L98H R/R/R R/R/R R(1)/5/S
Table 2. Categorical agreement values between the studied screening method on azole- 6371 TR3,-L98H R/R/R R/R/R R{0.5)/5/5
containing agar plates using filtered and unfiltered conidia suspensions and the E.Def 9.4 6374 TR,,-L98H R/R/R R/R/R R{0.5)/5/S
method 6390 TR3,-L98H R/R/R R/R/R R(0.5)/5/5
Evfors 6393 TR3.-L98H R/R/R R/R/R R(0.5)/5/5
Dl Conidia suspension ~ Categorical P— Major 6402 TRy,-L98H R/R/R R/R/R R{0.5}/5/5
R = (false ptibility) (false resistance) 6407 TR3,-L98H R/R/R R/R/R R(0.5)/5/S
6414 TR3,-L98H R/R/R R/R/R R{0.5)/5/5
" , Ytiltered % Ltz (=) g 6422 TRy,-L98H R/R/R R/R/R R(0.25)/5/5
raconazole
Filtered e 11% (n=1) i 6432 TR3-L98H R/R/R R/R/R R(0.5)/R/S
6444 TR3,-L98H R/R/R R/R/R R(0.5)/R/S
Unfiltered 97.8% 1.1% (n=1) 1.1% (n=1) 6503 TRy4-LO8H R/R/R R/R/R R(1)/5/S
Voriconazole 6639 TRy,-L98H R/R/R R/R/R R(1)/s/S
Filtered 97.8% 1.1% (n=1) 1.1% (n=1) 6878 TR, -L98H R/R/R R/R/R R(0.5)/5/5
Unfiltered 77.2% 22.8% [(n=21) 0 834 TRs:L98H R/R/R R/R/R R{D.5)/5/5
Posaconazole 6964 TR3,-L98H R/R/R R/R/R R{0.5)/5/5
Filtered 75% 25% (n=23) 0 7057 Polymorphism*  ME sIs/s S(0.5)/R/R S/S/s
R, resistant. s, susceptible, * F46Y/M172V/N2481/D255E/E427K
CONCLUSIONS

Unfiltered conidial suspensions for inoculum adjustment does not negatively influence the performance of the E.Def 10.1 method when screening for azole resistance in A.
fumigatus sensu stricto clinical isolates.

The study was supported by grants PI18/01155 and PI15/00074 from Fondo de Inve: 7 Sanitaria [FIS. Instituto de Salud Carlos IIi; Plan National de 1+D+ 2017-2020). The study was co-funded by the European Regional Development Fund (FEDER) ‘A way of making Europe
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EUCAST-obtained MICs of azoles and amphotericin B against Aspergillus fumigatus sensu stricto:
Spectrophotometric readings and visual inspections showed high agreement

J. Serrano-Lobo'?, A. Gémez!'?, L. Martinez-Lamas?, L.M. Soria-Blanco®, A. Pérez-Ayala®, E. Gomez-Garcia-de-la-Pedrosa®, |. Sdnchez-Romero’, P. Garcia-Clemente®, M.T. Duran-del-
Valle®, . Gadea?, N. Zurita’, M.S. Cuétara?, P. Merino?3, A. Alastruey-lzquierdo!, M. Fernandez™®, E. Garcia-Figueres'®, V. Sanchez-Hellin'’, M.I. Gascon-Ros!®, A. Valentin-Martin
12, 1. Colomina-Rodriguez?®,
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INTRODUCTION AIM

Previous studies show high essential and categorical agreements between MICs of azoles and amphotericin B The objective of this work is to assess such comparisons,
obtained by spectrophotometric readings and visual inspection against Aspergilfus fumigatus, according to paying special attention to the MIC distributions (modal
EUCAST methodology. MIC and wild type upper limits [wt-UL]) obtained by using

each endpaoint.
Visual MIC readings requires experiences and may lead to some degree of subjectivity. In contrast,

spectrophotometric reading is more objective and automated and thus requires less skilled readers.

* Essential {1 twofold dilution) and categorical
METHODS agreement assessment
A. fumigatus sensu stricto (n=624) Antifungal susceptibility to amphotericin B,
callected at 55 Spanish hospitals ilraconazolle, voriconazole, pesaconazole, and - Setting of wild-type upper limits {wt-ULs)
isavuconazole EUCAST 9.4 according to the eye-ball method

Table 1. CypS1A gene mutations in azole-resistant isolates

Cyp51A gene mutation No. of
15 azole-resistant isolates (Table 1) Visual reading Spectrophotometric readings isolates
(295% or 290% fungal growth TRy, -Lo8H n
ST TR;,-L98H/5297T/F4951 2
inhibition, read at 540 nm) FA6Y/M172V/N248T/D255E/E427K 3
RESULTS
Tahle 2, MIC distributions, essential and categorical agreement between visual and spectrophotometric readings and wt-ULs obtained
Endpoints MIC distributions (no. of isolates at each MIC, mg/L)
Drug used to EA (%) CA VME ME wt-UL* EUCAST
obtainthe 0.016 0.03 0.06 0.125 0.25 0.5 1 2 4 8 16 (%) (%) (%) ECOFF
MiIC
Visual 0 0 2 12 262 315 33 0 0 0 0 - - - - z 1
Amphotericin B 95% 0 0 5 13 283 297 25 o] 0 0 1 99.8 99.8 0 0.2 2
90% 0 0 7 13 312 275 16 0 0 Q 1 99.8 99.8 0 0.2 1
Visual 1 4 1 36 366 197 4 0 0 0 15 - - - - & 1
Itraconazole 95% & 4 2 68 365 162 7 0 0 4] 15 987 994 03 03 &
90% 4 3 8 129 350 110 6 0 0 14 0 96.8 995 03 0.2 1
Visual 0 0 0 3 94 391 123 1 9 3 0 = = - - 2 1
Voriconazole 95% 0 0 0 3 185 360 57 8 S 1 1 97.9 99 0 1 2
90% 0 0 Fi 11 312 255 24 9 6 Q 0 923 99.7 0 0.3 1
Visual 6 146 371 82 5 13 1 0 0 0 0 - - - - 025 0.25
Posaconazole 95% 8 233 301 56 10 12 1 3 0 0 0 984 99 0.2 08 025
90% 21 322 229 33 7 9 0 3 0 0 0 97.3 99 03 06 025
Visual 0 0 0 1 10 388 204 6 2 11 2 - - - - 2 2
Isavuconazole 95% 0 0 1 3 22 417 157 8 4 9 3 99.2 995 0.2 0.3 z
90% 0 0 2 7 81 459 56 7 7 4 1 963 998 0.2 0 2

*Two two-fold dilutions higher than the modal MIC

Numbers in bold indicate modal MIC; EA = essential agreement; CA = categorical agreement; VME = very major error; ME = major error

Figures in green indicate identical wt-UL, modal MIC or wt-UL and ECOFF (epidemiclogical cut-off values) among MICs obtained by visual and spectrophotometric reading.

Underlined values indicate resistant isolates (EUCAST breakpoint table v. 10.0, 2020).

= Overall, essential and categorical agreement was 98.8% and 99.4%, respectively, when spectrophotometric endpoint was 295%; and 96.5% and 99.6%, respectively, when
spectrophotometric endpoint was >90%. No very major errors were found in amphotericin B and voriconazole.

= |nitraconazole, two very major errors (0.3%) were found with both spectrophotometric endpoints.

= |n posaconazcle, one very major error (0.2%) was found when spectrophotometric endpoint was 295%, and two very major (0.3%) were found when spectrophotometric
endpoint was 290%.

= Inisavuconazole, one very major error {0.2%) was found with both spectrophotometric endpoints.

= Major errors occurred in all the antifungal drugs when spectrophotometric endpoint was 295% (n=16) and in all antifungal drugs except isavuconazole when
spectrophotometric endpoint was 290% (n=8).

The fungal growth inhibition endpoints that led to modal MIC and wt-UL values identical to the ones obtained by visual inspections were: itraconazole, posaconazole and
isavuconazole (295% or 290%), amphotericin B and voriconazole(295%).
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EUCAST-obtained olorofim MICs against non-fumigatus Aspergillus clinical isolates: high

agreements between visual inspections and spectrophotometric readings

1. Serrano-Lobo'?, A. Gémez'?, M.A. Miguel-Gémez?, C. Lopez, A. Antuori-Torres®, E. Cuchi-Burgos®, F. Sdnchez-Reus®, F. Marco-Reverté’, R. Olmos®, M.T. Martin-Gémez®, M.
Colomer-Palaul®, |. Prats-Sanchez!!, I. Pujol-Bajadori?, A. Casabella-Pernas!?, F.F. Gomez-Bertomeu!?, M.O. Pérez-Moreno!®, M. Fajardo-Olivares®, C. Pazos-Pacheco’, M.D.
Rodriguez-Mayo®®, 5. Méndez-Lage!?, J. Alba-Dominguez®®, A. Cid-Lama?!, M.A. Pallarés-Gonzélez??, R. Trastoy-Pena®?, E. Reigadas!'?, P. Mufioz!-224 25, P. Escribanol?, J. Guineal?.2
on behalf of the ASPEIN Study Group

Clinical Microbiology and Infectious Diseases, Hospital General Universitario Gregario Marafién, Madrid, Spain. “Instituto de Investigacion Sanitaria Gregoria Marafion, Madrid, Spain. *Hospital Clinica Universitaria de
Valladolid, *Hospital Universitari Germans Trias i Pujal, *Haspital Universitari Mutua Terrasa, “Hospital de la Santa Creu i Sant Pau, "Hospital Clinic de Barcelana, *Hospital Universitario de Bellvitge, SHaspital Vall de
Hebran, ""Hospital Josep Trueta, ''Hospital Universitario Arnau de Vilanova, "Hospital Universitario Sant Joan de Reus, '"Hospital Parc Tauli, **Hospital Universitari de Tarragona Joan XX, “Hospital de Tortasa Verge de
la Cinta, "*Hospital Universitario de Badajoz, '*Complejo Hospitalario Universitario de Caceres, "*Complexo Hospitalario Universitario A Corufa, "Complexa Hospitalario Universitario de Ferrol, **Hospital Universitario
Lucus Augustl, 'Complexo Hospitalaria Universitario de Ourense, “*Complexe Hospitalario Universitario de Pantevedra, ?'Complexo Hospitalario Universitario Santiage de Compostela, ™CIBER Enfermedades
Respiratorias-CIBERES {CBOG/06/0058), Madrid, Spain. 2Medicine Department, Faculty of Medicine, Universidad Complutense de Madrid

INTRODUCTION AIM

We previously showed a high agreement between olorofim MIC values obtained by
visual inspection and spectrophotometric readings against Aspergillus fumigatus
sensu fato following EUCAST methodology (DOI: 10.1128/8ac.00849-22).

The objective of this work is to expand those comparisons against non-fumigatus
Aspergillus spp. clinical isolates.

METHODS

5 : = Essential agreement assessment (+1 twofold dilution
Non-fumigatus Aspergilius 8 ( ¥

isolates (n= 439) collected at ‘ Antifungal susceptibility EUCAST 9.4
55 hospitals in Spain

l F‘li\VI Eﬂ=39] Spectrophotometric readings
Nidulantes (n=55) sual reading (295% or 290% fungal growth inhibition, read at 540 nm)

Nigri (n=192)
Terrei (n=103)

- * Setting of wild-type upper limits (wt-ULs) according to the eye-ball
method (2 two-fold dilutions higher than the modal MIC)

RESULTS

Figure 1. MIC distributions and essential agreement between visual and spectrophotometric readings

MIC distributions (no. of isolates at each MIC, mg/L)

Endpoints ;
% non-wild
Sections used to obtain EA (%) wt-UL )
the MIC 0.001 0.002 0.004 0.008 0.016 0.03 0.06 0.125 0.25 20.5 type isolates
Flavi Visual 0 0 10 64 14 0 ] 0 1 - 0.06 1.1
(n=89) 95% 0 1 1 35 44 0 ] 0 1 98.9 0.06 1.1
= 90% 0 3 13 a6 25 1 0 ] 0 1 80.9 0.03 1.1
" Visual 0 0 3 7 30 12 2 0 1 0 - 0.06 1.8
Nidulantes
(n=55) 95% 0 3 1 4 34 11 0 0 1 1 96.4 0.06 3.6
B 90% 0 3 2 10 34 4 0 0 1 i 90.9 0.06 3.6
Nigri Visual 0 0 1 121 52 12 2 0 0 - 0.06 1.0
( _fgz) 95% 0 0 1 1 61 92 31 4 2 0 911 0.125 3.1
L 90% 0 0 1 9 119 51 11 ] 1 0 984 0.06 0.5
Visual 0 0 27 65 9 1 0 0 0 1 - 0.03 1
Terrei (n=103) 95% 0 3 49 46 3 1 0 0 0 1 98.1 0.016 1
90% 0 14 67 19 2 0 0 0 0 1 91.3 0.016 1

Numbers in bold indicate modal MIC; EA = essential agreement
Figures in green indicate identical wt-UL and modal MIC obtained by visual and spectrophotometric reading
< With only a few exceptions, clorofim MIC values were up to 0.03 mg/L against Flavi and Terrei, 0.06 mg/L against Nidulantes, and 0.125 mg/L against Nigri.

< Essential agreement between visually-obtained MIC values and spectrophotometric-obtained MIC values were higher when the 295% fungal growth inhibition endpoint
was used (Flavi and Terrei [98.1%]; Nidulantes [96.4%)]), except for section Nigri.

<+ The fungal growth inhibition endpoints that led to modal MIC and wt-UL values identical to the ones obtained by visual inspections were: Flavi section {*95%), Nidulantes
section (295% or 290%), Nigri section (290%).

“+ In section Terrei, both endpoints led to lower modal MICs and wt-UL values.
CONCLUSIONS

* MICs of clorofim against non-fumigatus Aspergillus were low, showing the activity of the drug against the isolates tested.

« Although current E.Def 8.4 procedure version indicates that MIC readings for azoles and amphotericin B values against A. fumigatus should be performed using a 90% fungal
growth inhibition endpoint, MIC values obtained by spectrophotometer and by visual inspection showed very high agreement values using the 95% fungal growth inhibition
endpoint against non-Fumigati section except Nigri, that showed higher agreement using 90% fungal growth inhibition endpoint.

This work was supported by grants PIZ1/00450 from Fonda de Investigacion Sanltaria (FIS, Instituto de Salud Carlas |1l Plan Estatal de Investigacién Clentifica, Técnica y de Innovaclon 26212023 (PEICTI). The study was co-funded by the Luropean Reglanal Development Fund [FLDER] &
way of making Curepe’. This study was partially funded by F26.
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Deteccion de resistencia a azoles en Aspergillus fumigatus usando placas de agar (EUCAST

E.Def 10.2): la preparacion del inoculo no requiere filtrado ni ajuste previo

1. Serrano-Lobo'?, A. Gomez'2, E. Reigadas®>*, P. Mufiozb34, . Escribano®?, ). Guinea®?3 en representacion del grupo de estudio ASPEIN
“Servicio de Microblologia v Enfermedades Infecciosas, Hospital General Universitario Gregorio Marandn, Madrid. #nstituto de Investigacion Sanitaria Gregorio Marandn, Madrid, *CIBER Enfermedades Respiratorias-CIBERES

(CHOG/06/0058), Madrid. *Departamento de Medicina, Facultad de Medicina Universidad Complutense de Madrid

INTRODUCCION Y OBJETIVO

El método de EUCAST de placas de agar suplementada con azoles (E.Def 10.2) permite detectar resistencia a azoles en A. fumigatus y es sencillo de implementar en el laboratorio de
micrabiologia clinica. El método recomienda el filtrado de las suspensiones de conidias y su posterior ajuste (0,5 McFarland) lo que canlleva tiempo y aumenta la carga de trabajo.

Se estudid si eliminar el filtrado de las suspensiones de conidias y su posterior ajuste antes de inocular las placas afectaba al rendimiento del método.

MATERIAL Y METODOS

98 aislados de A. fumigatus
sensu stricta

Estudio de sensibilidad a itraconazol,
voriconazol y posaconazol

'S

EUCAST E.Def 10.2:

| | j—

49 resistentes a azoles

)

EUCAST E.Def 9.4
(puntos de corte v10]

Suspensiones de
conidias filtradas
(Merck Millipore®,
Nylon Net Filter
11,0 pm)

Cilculo de sensibilidad, especificidad y acuerdo categérico
=Sensibilidad: probabilidad de que un aislado resistente crezca en uno o mas pocillos que
contienen azoles,

*Especificidad: probabilidad de que un aislado sensible no crezca en ningdn pocille que
rontiene azoles.

*Acuerdo categdrico: coincidencia en la clasificacidn de los aislados como S o R tanto por el
método de referencia como el procedimiento alternativo.

=Errores mayores (false sensibilided): cuando el procedimiento de EUCAST E.Def 9.4 clasifica
a unaislado como resistente y el E.Def 10.2 como sensible.

*Errores menores (falsa resistencia): cuando el procedimiento de EUCAST E.Def 9.4 clasifica
a un aislado como sensible y el E.Def 10,2 como resistente.

Concentracidn de posaconazel adaptada a los puntos de corte actualizados (0,25 mg/L)

| Inoculacién de las
placas de agar

Indculos ajustadas
a 0,5 MacFarland

No.
Mutacion en el gen cyp5IA Sklados T Tord
TR3s-L98H 41
GL4R 5 ¢
TR.-Y121F-T288A 1 cjﬂ“;'i’:s”;'g;is:;as
G4485 1 en agua destilada —
Secuencia del gen salvaje 1 con Tween 20 (0,1%)

Inaculacién de las
placas de agar

RESULTADOS

Tabla 1. Sensihilidad, especificidad y valores de acuerdos categdricos del cribado de |a resistencia a
azoles utilizando placas de agar y preparando indculos con y sin filtracion y ajuste del McFarland previo.

Inoculo filtrado Errares
Acuerdo
Antifingico yajustadoa0,5 Sensibilidad Especificidad e
Mayores Menores  categdrico
McF
No 100% 100% o] o0
Itraconazoal 99%
Si 97,9% 100% 1% (n=1) 0
No 100% 100% 0] a
Voriconazol 100%
Si 100% 100% o a
No 93,8% 100% 3,1% (n=3) 0
Posaconazol 94,9%
Si 83,3% 100% 8,2% (n=8) 0

McFarland.

ol

Tabla 2. Errores mayoares (falsa sensibifidad) encontrados en los aislados
usando las dos formas de preparacion del indculo. 5e muestran los
valores de CMI en las discrepancias.

E.Def 9.4 (CMI, en mg/L}/agar con indeulo sin
Codigo Mutaciones filtrar ni ajustar McF/agar con indculo filtrado y
aislado en el gen ajustado McF
cyp51A
Itraconazol  Voriconazol  Posaconazol

3917 G448S R(2)/R/S R/R/R R(0,25)/R/S

6407 TR3,-L98H R/R/R R/R/R R{0,5)/R/S

6422 TR,;-L98H R/R/R R/R/R R(0,25)/5/5*

8636  TR,,-L98H R/R/R R/R/R R(0,5)/R/S

8682 TR.-L98H R/R/R R/R/R R{0,5)/R/S

9098 TR,;-L98H R/R/R R/R/R R{0,5)/5/5*

9244  TR,,-L98H R/R/R R/R/R R{0,5)/R/S
10007  TR.-L98H R/R/R R/R/R R(0,5)/5/5*

= Aislados con firlss sensibiidod praprando 103 inGeulos sin filtrar ni ajustar.

“ Lasensibilidad y |a especificidad global del método de placas de agar suplementado con azoles fue del 100%, independientemente de la filtracion y el ajuste de McFarland.
i El acuerdo categdrico de la comparacion de ambas formas de preparacion del indculo para itraconazal, voriconazol y posaconazol fue, respectivamente, del 99%, 100% y 94,9%.
*  Todos los aislados con mutaciones TR,,-L98H, G54R y TR,;-¥12 1F-T289A fueron clasificados correctamente como resistentes a itraconazol y variconazol.

En itraconazol, se detectd falsa sensibilidad (errores mayores) en un aislado con una mutacion G4485 con una CMI de 2 mg/L, al utilizar el indculo filtrado y ajustado a 0,5

* En posaconazol, al utilizar el indculo sin filtrar y sin ajuste de McFarland, se detectd falsa sensibilidad en tres aislados con CMIs de 0,25 mg/L y 0,5 mg/L, portadores de |a

sustitucion TR,,-L98H. Al utilizar el inéculo filtrado y ajustado a 0,5 McFarland, se detectd falsa sensibilidad en estos mismos tres aislados y en otros cuatro aislados mas, portadores
de la sustitucion TRy,-L98H con CMIs de 0,5 mg/L y en un ajslado con una mutacién G448S con una CMI de 0,25 mg/L.

< No se detecto falsa resistencia (errores menores).

CONCLUSIONES

+ Las suspensiones de conidias de aislados de A. fumigatus sensu stricto preparadas sin filtracidn ni ajuste de indculo previo a la inoculacién aumentd el rendimiento del

procedimiento E.Def 10.2.

+ Esta modificacion metodoldgica puede ayudar a implantar el cribado de resistencia a azoles en A. fumigatus en el laboratorio de micologia clinica.

Grupa de estudin ASPEIN,
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Olorofim showed potent in vitro activity against Aspergillus spp. clinical isolates collected in a
national survey on azole resistance conducted in Spain in 2022 (ASPEIN I1)

). Serrano-Labo*?, A. Gomez?, ). Gonzalez-Leiva*?, M. Fajardo-Olivares®, C. Pazos-Pacheco®, M.D. Rodriguez-Mayo®, S. Méndez-Lage®, J. Alba-Dominguez’, A. Cid-Lama®, M.A.
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INTRODUCTION AlM

Olorofim is a new antifungal drug belonging to a novel antifungal class (orotomides) and
shows in vitro antifungal activity against Aspergillus isolates, including azole-resistant
ones.

The objective of this work is to expand those comparisons against a large
collection of Aspergillus fumigatus sensu lato as well as other Aspergiflus

sections (Nigri, Terrei, Flavi, and Nidulantes} collected as part of a national survey
We previously showed a high agreement between oclorofim MIC values obtained by on azole resistance conducted in Spain in 2022 (ASPEIN Il study).

visual inspection and spectrophotometric readings against Aspergillus fumigatus sensu
lato following EUCAST E.Def 9.4 methodology (DOI: 10.1128/aac.00849-22),

, . METHODS * Essential (31 two-fold dilutions) agreement
Aspergillus spp. |so|a.tes (“=2'_108) Antifungal susceptibility to olorofim obtained assessment
collected at 87 Spanish hospitals following EUCAST E.Def 9.4 methodology
; = Setting of wild-type upper limits (wt-ULs) using
Sections | ECOFFinder software and the eye-hall method (two
Fumigati (n=1,244) two-fold dilutions higher than the modal MIC)
Nigri [n=351}) Visual readings Spectrophotometric readings

(two endpoints [295% or 290%
fungal growth inhibition], read at
540 nm wavelength)

Terrei (n=205)
Flavi (n=167)
Nidulantes (n=141)

RESULTS
Table 1. MIC distributions, essential agreement among visual and spectrophotometric readings (295% or 290% fungal growth inhibition) and wt-ULs obtained
MIC distributions (no. of isolates at each MIC, mg/L) wt-UL
E::l::itr:s Statistical wt-UL at each
Section  Cptainthe 0.001 0.002 0,004 0.008 0.016 0.03 0.06 0,125 025 205 A% percentage of modelled Eye bal
e population method*
95% 97.5% 99% 99.9%
. Visual 0 1 7 101 895 239 5 | 0 0 0 - 0.03 0.03 0.03 0.06 0.06
:::;f::; 95% 0 3 14 138 821 251 17 0 0 O 986 003 003 003 006 006
90% 2 6 65 367 741 60 3 0 0 0 94.6 0.03 0.03 0.03 0.03 0.06
: Visual 0 0 0 17 118 32 o] 0 0 0 - 0.03 0.03 0.03 0.03 0.06
("F=|:;|7) 95% 0 1 57 90 18 0 0 0 0 99.4 0.03 0.03 0.03 0.03 0.06
90% 0 3 19 91 50 4 0 0 0 0 86.8 0.016 0.03 0.03 0.03 0.03
Visual 1 6 20 24 56 26 7 (o] 1 0 - 0.06 0.06 0.125 0.25 0.06
Nidulantes

(n=141) 95% 1 i8 15 19 68 17 1 0 1 1 94.3 0.06 0.06 0.06 0.125 0.06
90% 4 19 12 34 60 10 0 1 0 1 87.2 0.03 0.06 0.06 0.125 0.06
. Visual 4] 0 1 17 197 103 29 2 1 1 - 0.03 0.03 0.03 0.06 0.06
[r:':: ) 95% o 0 1 10 102 165 63 5 0 5 °1.7 006 006 0125 0125 0125
90% 0 1 2 27 195 104 19 0 2 1 98.9 0.03 0.03 0.06 0.06 0.06
e Visual 0 1 39 121 42 2 0 0 0 0 - 0.016 0.016 0.016 0.03 0.03
(n=205) 95% 0 8 69 107 19 2 0 0 0 0 98 0.016 0.016 0.016 0.03 0.03
90% 0 24 111 64 6 0 0 0 0 0 91.2 0.008 0.008 0.016 0.016 0.016

Numbers in bold indicate modal MIC; modal MICs in green indicate identical & itk oply a few exceptions, olorofim MIC values were up to 0.03 mg/L against Flavi and Terrei, 0.06 mg/L
values obtained by visual and spectrophotometric readings; FA = essential 7 e A 3 L

agreement; wt-UL = wild-type upper limits; *Two two-fold dilutions higher than against Fum‘gat‘ and Nidulantes, and 0.125 mgﬂ- against N'E" (Table 1]-

the modal MIC

= MIC distributions obtained using any of the three endpoints led to modal MICs within £1 two-fold dilutions

Table 2. MICs of olorofim against azole-resistant isolates (Table 1).

MICs [using visual endpoints) in mg/L

* Essential agreements between visually-obtained MIC values and spectrophotometric-obtained MIC values

Ranges Modal values
= =~ were higher when the 295% fungal growth inhibition endpoint was used (Fumigati [98.6%]; Flavi [99.4%];
Fumigati (n=69) 0:02:0.06 0.016 Nidulantes [94.3%]; Terrei [98%)) except for section Nigri. However, essential agreements when the »90%
Flavi {n=3) 0.08-0.03 0.016 fungal growth inhibition endpoint was used were alsa high and 2 87% for all sections (Table 1).
Nidulantes (n=47) 0.001-0.25 0.016 = The fungal growth inhibition endpoints that led to wt-UL values identical to the ones obtained by visual
inspections were: Fumigati, Flavi and Nidulantes section (295% or =90%), Terrei section (=95%), Nigri
Nigri (n=6] 0.004-0.5 0.016
gri (n=6) section (290%) (Table 1).
Terrei (n=12) 0.002-0.03 0.008

Activity of the drug was unaffected by the presence of azole resistance (Table 2).

CONCLUSIONS

* Olorofim MIC values against most clinically relevant Aspergillus spp. were low, including azole-resistant isolates, thus proving the high drug activity.

159



Anexo

. " R— .
e ECCMIDEE: Mgy SMmEmm—— L Fa
g s - 8 g Carnilo Jasé Celi jserranc@salud.madrid org

Gradient diffusion plastic strip for detection of azole resistance in Aspergillus fumigatus

sensu stricto: inoculum preparation might not require prior filtration and adjustment

J. Serrano-Lobol?, A. Gémezl2, W. Sanchez-Yebra?, |. Guerrero-Lozano*, R. Tejero®, F. Cobo®, L. Vifiuela?, F. Franco-Alvarez de Luna®, A. Lara-Oya®, M. P. Bermudez-Ruiz'?, A.l.
Sudrez-Barrenecheal?, C. Castro-Méndez!?, M. Ruiz-Pérez de Pipadn'?, H. Condado!, R. Cebollada-Sanchez!?, C. Ldpez-Gomez!®, E. Valverde!'s, H. Villar-Pérez!%, M. Arias-
Temprano!, T. Pelaez’®, C. Castell6-Abietar’®, C. Collado-Giner®, E. Alcoceba-Cruixent?®, E. Reigadas!?, P. Mufioz! 22122, P, Escribano!?22?, |. Guinea®221.23 gn behalf of the ASPEIN
Study Group
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liménez, *Complejo Hospitalario de Jaén, '"Hospital Regional Universitario de Malaga, 'Hospital Universitario Virgen Macarena, “Hospital Universitario Valme, *Haspital Universitario Virgen del Racio, *Hospital
Universitario San large, SHospital Universitaria Miguel Servet, Hospital Univarsitario San Agustin, Hpspital Universitario de Cabuehes, ‘*Hospital Universitario Central Asturias, “*Hospital Universitario Son Llatzer,
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INTRODUCTION

Gradient diffusion plastic strip are widely utilized for azole susceptibility testing in
clinical microbiology laboratories, but they lack proper validation. We previously
proposed cut-off values for plastic-strip-obtained MICs of azoles against A. fumigatus
sensu stricto to separate susceptible and resistant isolates: itraconazole >1.5 mg/L,
voriconazole >0.38 mg/L, and posaconazole >0,75 mg/L (DOI: 10.1111/myc.13541),

AlM

The aim of this work is to assess the performance of the method to
detect azole resistance in A. fumigatus sensu stricto by including a larger
number of isolates and to assess whether skipping filtration and inoculum
adjustment of conidial suspensions negatively influences its performance.

METHODS

Aspergillus fumigatus sensu
stricto isolates (n= 98)

Antifungal susceptibility to
itraconazole, voriconazole, and
posaconazole

Table 1. cyp51A gena substitutions found in
the azole-resistant isolates

Gradient diffusion plastic strips

No. of EUCAST 9.4 (ETEST®, Biomerieux, Marcy-I'Etoile, France):
cyp51A gene substitutions isolates | (FUCAST breakpaints v 10} MICs were obtained after 48h of incubation
Gold standard
TR;,-L98H5297T-F4951 41
G54 5 Inocula filtared (Merck
| Millipore®, Nylon Net
TR,e-Y121F-T289A 1
Rug Conidial suspensions eI el
G448s 1 prepared in distilled f
None (cyp51A gene wild-type) 1 water (Tween 20 0.1%)

Swab soaked into the
| suspension and agar
RPMI plate streaked

Inocula adjusted to 0.5

12%10°- 5 10° CFU/mL)

* Essential agreement:
unfiltered-unadjusted
suspensions  and
conidial suspensions

* Sensitivity: probability that a resistant

ameong
. . ) i ) conidial
Gradient diffusion plastic strips filtered-adjusted

obtained MIC distributions

Cut-off setting to separate isolate had an MIC higher than the cut-
resistant isolates from off value
susceptible ones « Specificity:  probability that a

susceptible isolate had an MIC lower
All discrepancies between EUCAST 9.4 and than the cut-off value
gradient diffusion plastic strips method were

Fi 1. Setti i i
retested igure 1. Setting MIC values by using gradient

diffusion plastic strips (orange arrow)

Swab soaked into the
inoculum and agar
RPMI plate streaked

MeFarland

RESULTS

# According to the gradient diffusion-plastic-strip-obtained MIC distributions against the isolates, regardless the kind of inocula used, the following cut-off MIC
values classified isolates as resistant: >1 mg/L for itraconazole, >0.5 mg/L for voriconazole, and >0.25 mg/L for posaconazole (Figure 1, vertical red line).
# High essential agreement values among MIC values obtained using filtered-adjusted inccula and unfiltered-unadjusted inocula were observed: itraconazole

(95.9%), and voriconazole and posaconazole (98%) (Table 1).

* Overall, sensitivity/specificity values of the proposed cut-off values for itraconazole (100%/98%), voriconazole (100%/100%), and posaconazole (298%/98%) to
screen for azole resistance were high and not impacted by skipping inoculum adjustment and filtering (Table 1). Only two isolates were misclassified and
harboured the following cyp51A gene substitutions: GA485 and TR,,-Y121F-T289A (Table 2).

Figure 1. Gradient-diffusion-plastic-strip-obtained MIC distributions against the isolates and
using filtered-adjusted conidial inocula (bars above the X-axis) and with unfiltered-unadjusted
conidial inoculum (bars below the X-axis). The red lines indicate the proposed cut-offs

Itraconazole Voriconazole

Es-- = 1. —hlll]l R L LE |

30
FEEPeP T e s e
Posaconazole

& T S S S Y
‘90";,» e“*@t"’b& St o T LR

mSusceptibleisolates according to EUCASTE.Def. 9.4
W Resistantisolates according to EUCAST E.Def. 9.4

o?"né‘é"ufo‘v&'“ﬂfﬂf S TP e ey

Table 1. Essential agreements between gradient diffusion plastic strips
using filtered-adjusted and unfiltered-unadjusted conidia suspensions and
their sensitivity and specificity

g T eon e Senitiy _ Spaicty
e (e Bl
Voriconazaole Un;:;:::z::z‘lj\?aut:jfie d 98% i$: 1%:
possonazole e e ey o

Table 2. A. fumigatus sensu stricto isolates misclassified by gradient
diffusion plastic strips according ta the proposed cut-off values

E.Def 9.4 method/gradient diffusion plastic strip
with filtered and adjusted inoculum/ gradient

lsotare cyp51A gene sequence diffusion plastic strip with unfiltered and
eods djusted inoculum (MIC, in mg/L}

Itr le  Vori I P
3917 G4485 R[2)/1.5/1.5  R(16)/32/32  R[0.25)/0.38/0.25
6544 TRe/Y121F/T289A  S(0.5)/15/2  R(16)/32/32  5(0.25)/0.75/0.75

Bold “R" letters in red and "S" letters in green indicate, respectively, resistance or susceptibility
according to the microdilution E.Def 9.4 method. MIC, minimum inhibitery concentration.

CONCLUSIONS

# Gradient diffusion plastic strip is a helpful method to screen for azole resistance in A. fumigatus sensu stricto isolates when MICs obtained are interpreted as follows:

itraconazole >1 mg/L, voriconazole 0.5 mg/L, and posaconazole >0.25 mg/L.

# Preparation of inoculum avoiding filtration and further inoculum adjustment did not negatively influence the performance of the method.

This woric was supported by grants PI21/00450 from Fondo de Investigacion Sanitaria (FIS. Instituto de Salud Carlos il Plan Estatal de Investigscion Cientifica, Técnica y de Innovacidn 20212023 {PEICTI}). The study was co-funded by the European Regional

Develogment Fund (FEDER] %A way of making Europe

FEDER
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