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Resumen Laonicomicosis, o infeccion fungica de las uiias, constituye una de las enfermedades
micoticas mas prevalentes en la poblacion. Su tratamiento tiene una efectividad limitada,
ademas de ser largo y tedioso y, en el caso de los antifingicos sistémicos, no esta exento
de efectos adversos. La terapia fotodinamica (TFD) podria ser una buena alternativa para las
infecciones cutaneas superficiales, entre ellas la onicomicosis.

El presente articulo revisa la experiencia publicada, tanto in vitro como in vivo, acerca
de la utilidad de la TFD en las onicomicosis, mostrando el potencial de diversos fotosensibi-
lizantes, asi como sus limitaciones. Desde el punto de vista clinico el azul de metileno y el
acido 5-aminolevulinico muestran tasas de curacion del 80% y el 43% respectivamente al ano de
seguimiento.

Finalmente, basado en la bibliografia y en la propia experiencia, se propone un protocolo
de 3 sesiones de TFD, usando metil-aminolevulinato 16% como fotosensibilizante y luz roja
(A=630nm, 37 J.cm~2), separadas por 1 0 2 semanas. Estas iran precedidas de la aplicacién de
urea 40% durante unos dias. Nuevos ensayos clinicos deben optimizar los protocolos y establecer
qué pacientes se benefician especialmente de recibir este tratamiento.
© 2015 Elsevier Espana, S.L.U. y AEDV. Todos los derechos reservados.

Usefulness of Photodynamic Therapy in the Management of Onychomycosis

Abstract Onychomycosis, or fungal infection of the nails, is one of the most prevalent fungal
diseases in the general population. Treatment is of limited effectiveness, tedious, and must be
administered for long periods. Furthermore, systemic antifungal agents are associated with
adverse effects. Photodynamic therapy (PDT) may prove to be a viable alternative in the
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treatment of superficial skin infections, including onychomycosis. We review articles relating
to the usefulness of PDT in onychomycosis in both in vitro and in vivo settings and discuss the

5- potential and limitations of various photosensitizing agents. In vivo, methylene blue and 5-

methylaminolevulinic
acid;
Methylene blue

aminolevulinic acid have led to cure rates in 80% and 43% of cases, respectively, at 12 months.
Finally, based on data in the literature and our own experience, we propose a protocol of 3
PDT sessions, separated by an interval of 1 or 2 weeks, using methyl aminolevulinate 16% as

a photosensitizing agent and red light (\=630nm, 37 J.cm~2). Each session is preceded by the
topical application of urea 40% over several days. Clinical trials are needed to optimize PDT
protocols and to identify those patients who will benefit most from this treatment.

© 2015 Elsevier Espana, S.L.U. and AEDV. All rights reserved.

La onicomicosis es la infeccion fungica de las uias de los pies
o de las manos. Representa hasta el 50% de todas las onico-
patias, y aproximadamente el 30% de las dermatomicosis’.
La prevalencia descrita oscila entre un 2 y un 40%, en fun-
cion de la poblacion estudiada y de los medios diagnosticos
utilizados. Es una enfermedad com(n en los adultos?, y esta
relacionada con diferentes factores predisponentes, como
la ocupacion laboral, la clase social, el clima, las distin-
tas enfermedades de base (diabetes, insuficiencia vascular
periférica, inmunodeficiencia, psoriasis, etc.) y la edad”?>.

Los dermatofitos son la causa mas frecuente de onico-
micosis, y entre ellos Trichophyton rubrum es el agente
etiolégico mas frecuente?®. Los hongos filamentosos no
dermatofitos (especies de Fusarium, Aspergillus, Scopu-
lariopsis, Acremonium, etc.) causan del 2 al 13% de los
casos’ "% y las levaduras son responsables de alrededor del
21% de las onicomicosis, afectando generalmente a las unas
de las manos®'2.

En cuanto al tratamiento, a pesar del avance logrado
por los nuevos antimicéticos, tanto la falta de respuesta
(40-70%)?> como las recaidas y/o recurrencias (20-25%)"
son frecuentes. La dificultad de penetracion en la ldamina
ungueal, la falta de adhesion al tratamiento (que se prolonga
durante meses), la mala respuesta de algunos hongos a los
antifingicos y la cierta susceptibilidad personal son factores
que las favorecerian'. De todo ello se deriva la necesidad
de ampliar las opciones terapéuticas, intentando asimismo
reducir los efectos adversos. En este sentido, las terapias
basadas en dispositivos'® como laser'®", iontoforesis'® o
terapia fotodinamica (TFD)'*?° pueden ayudar a solventar
las citadas limitaciones.

La TFD se basa en el uso de agentes fotosensibilizantes
que se localizan selectivamente en determinadas células,
por lo que cuando se activan con una luz de longitud de onda
apropiada y en presencia de oxigeno se produce la muerte
celular (fig. 1)2".

La aplicacion de la TFD a las infecciones ha dado lugar a
la denominada terapia fotodinamica antimicrobiana (TFA),
representando un campo emergente de investigacion en el
tratamiento de infecciones localizadas'®. Asi, diversos arti-
culos relativos a experiencias in vitro e in vivo apoyan su
utilidad en el tratamiento de infecciones causadas por virus,
bacterias, hongos y parasitos'’. Este tratamiento ofrece una

serie de ventajas frente a las terapias antimicrobianas tradi-
cionales, como son: 1) amplio espectro de accion; 2) eficacia
independiente del patron de resistencia a los antimicrobia-
nos; 3) fotoinactivacién de los microorganismos, proceso
multidiana que hace muy improbable la seleccion de cepas
fotoresistentes; 4) disponibilidad de formulaciones que per-
miten la liberacion especifica del fotosensibilizante a la
zona infectada sin danar el tejido sano adyacente; 5) uso
de fuentes luminosas de bajo coste para activar el agente
fotosensibilizante; y 6) compatibilidad para combinarse con
cualquier farmaco de accion antibidtica o antimicotica.

Sin embargo, la TFD todavia no tiene indicacion clinica
antimicrobiana aprobada y su aplicacion es anecdoética. Con
respecto a las infecciones por hongos, hay series de casos
de tifas de piel lampifia?? y de candidiasis?® con resulta-
dos diversos. La onicomicosis, al ser una infeccion localizada
para la que los tratamientos existentes son de limitada efi-
cacia, seria quizas la micosis cutanea en la que la TFA podria
tener una mayor aplicacion.

Esta revision pretende dar respuesta a una serie de pre-
guntas acerca de las evidencias basicas, in vitro, y clinicas,
in vivo, sobre el uso de la TFD en las onicomicosis.

La eficacia antifungica de la TFD ha sido evaluada, in vitro,
utilizando diferentes fotosensibilizadores a distintas con-
centraciones, fuentes de luz de variadas longitudes de onda
y en diferentes tipos de hongos. La tabla 1 resume los estu-
dios mas relevantes.

Propst y Lubin, en 1978, demostraron que los hongos
dermatofitos pueden ser fotosensibles in vitro a colorantes
heterociclicos, observando un efecto fungicida de la profla-
vina y luz azul (455 nm) sobre Trichophyton mentagrophytes
y Microsporum gypseum?*.

Smijs et al., en diferentes estudios in vitro?>?¢, demos-
traron el efecto fungicida, persistente incluso varias
semanas después de la TFD, frente a T. rubrum usando
diferentes porfirinas (Sylsens B y deuteroporfirin monome-
tiléster) activadas por luz blanca y roja de banda ancha. El
efecto se observo en las diferentes fases de crecimiento fin-
gico, aunque con diferencias interesantes en la sensibilidad
a la TFD, ya que las esporas en suspension se mostraron mas



Utilidad de la terapia fotodinamica en el manejo de la onicomicosis 797

\

FS basal no
excitado

excitado
= -\]\\

Calor
Fluorescencia

Fosforescencia

Reaccion
tipo |
H,O
Sustratos
«_biolégicos

FS basm\ —1

\

Reaccion
tipo Il

8L

Figura 1

Diagrama modificado de Jablonski: base molecular y mecanismo de accion en terapia fotodinamica. La absorcion de luz

por un fotosensibilizador (FS) en su estado basal no excitado promueve un electrén a un orbital de mayor energia (FS basal excitado).
A continuacion, este puede volver a su estado basal por emision de calor y/o fluorescencia o puede cambiar la orientacion de su
momento angular de espin (FS triplete excitado). El largo tiempo de vida del estado electrénico triplete favorece la formacion de
oxigeno singlete y/o radicales libres que daian estructuras claves de la célula y finalmente causan su muerte. Finalizado el proceso
el FS regresa a su estado fundamental, listo para realizar un nuevo ciclo fototerapéutico.

susceptibles que las colonias del hongo en cultivo liquido?®.
El hecho de que la TFD destruya las hifas e inactive las espo-
ras del hongo es importante para poder establecer su posible
utilidad como tratamiento de las micosis superficiales. En
una situacion clinica las esporas son responsables del inicio
de la infeccion, y con frecuencia se mantendran y sobre-
viviran en la piel después del tratamiento favoreciendo las
reinfecciones.

La adherencia de los hongos dermatofitos a estructuras
queratinizadas es fundamental en la patogénesis de las der-
matofitosis. Para investigar el comportamiento de la TFD
en una situacion préxima a lo que sucede en la clinica,
Smijs et al. cultivaron T. rubrum en un modelo ex vivo
de estrato corneo de piel humana?’. Este modelo permitio
investigar la susceptibilidad en las diversas etapas de cre-
cimiento del hongo a la TFD, demostrando la importancia
de la adherencia a una estructura queratinizada en la viru-
lencia fungica. Asi, observaron que, en comparacion con los
estudios in vitro, la susceptibilidad del micelio maduro a
la TFD disminuye mientras la de los conidios no. De esta
forma, la TFD con Sylsens B 160 pM y luz roja (108 J/cm?)
tuvo un efecto fungicida solo en el 65% de los tratamientos,
aumentando al 90% si se anadia un inhibidor de la enzima
queratinasa a la mezcla de incubacion. Los autores también
comprobaron que, cuando la inhibicion fotodinamica no tuvo

éxito, el fotosensibilizador no habia penetrado en la pared
celular fungica.

Kamp et al.?® observaron una reduccion de casi el 50%
del crecimiento de T. rubrum in vitro utilizando acido 5-
aminolevulinico (ALA) como fotosensibilizante. Este efecto
fungistatico podria ser debido a que el ALA es una molé-
cula hidrofilica, por lo que su absorcion y metabolizacion
por T. rubrum fue extremadamente lenta, observando la pri-
mera formacion de protoporfirina ix (PplX) a los 10-14 dias
de incubacion. Probablemente la esterificacion del ALA, al
aumentar su lipofilia, mejore sus propiedades de difusion,
captacién y conversion por T. rubrum?®.

Otros autores han demostrado propiedades antiflingicas
in vitro de la TFD empleando diferentes FS como fenotia-
zinas (Amorim et al.)?, hipericina (Paz-Cristobal et al.)** o
rosa de Bengala (Morton et al.)*'

:Qué evidencia clinica apoya el uso de la terapia
fotodinamica en las onicomicosis?

La experiencia clinica sobre el uso de la TFD en onicomico-
sis no es muy amplia, y no existe un protocolo de actuacion
estandarizado. La tabla 2 recoge los casos y ensayos clini-
cos publicados hasta la fecha. La mayoria de ellos incluyen



Investigacion in vitro de la terapia fotodinamica en hongos filamentosos

Referencias

Morton et al. '
(2014)

Paz-Cristobal
et al.®¢
(2014)

Amorim et al.?’
(2012)

Smijs et al.*
(2009)

Smijs et al.?’
(2007)

Donnely et al.*
(2005)

Kamp et al.?®
(2005)

Microorganismo

T. rubrum

T. rubrum
T. mentagrophytes

T. rubrum

T. rubrum
(modelo ex vivo
estrato corneo
humano)

T. rubrum
(modelo ex vivo
estrato corneo
humano)

Trichophyton
interdigitale

T. rubrum
(cultivo liquido)

Fotosensibilizante

Rosa de
Bengala
Hipericina

Azul de
toluidina O

Sylsens B
(pH 5,2)

Sylsens B
DP mme

ALA
(0-100 mM)

ALA
(1-10mmol =)

Luz
N\ (nm) Dosis Fluencia Fuente
(J/cm?) (mW/cm?)

530 24 13,4 Three 3-watt
H-HP803PG LED

602 37 10,3 LED

630 18-90 NE LED

340-550 18 30 UVA-1

580-870 108 30 «MASIVE» (n.°
74900/21).
1 x 500W-230V-
R7s, IP44 con
filtro de corte a
600 nm

635 100 100 Paterson Lamp
(Photothera-
peutics
Ltd.)

NE (luz 10J por 36,8 Quartz-halogen

blanca) 60 min Zeiss KL 2500

(=128Jcm~2)

LCD

Efecto de la TFD

Fungicida 100%
con dosis 140 pM
Fungicida.
reduccion 3 log,
con dosis 10-50 pM
Fungicida con
dosis 25 uM y una
densidad de
energia de
72J/cm?
Fungicida.

CMI de Sylsens B
10 wM con el
aislado clinico,

1 .M cepa de
laboratorio
Fungicida en
diferentes fases
de crecimiento
conidial.

Sylsens B:
-1uMalas 8h
-5pMalas 17y
24h

DP mme:
-80uMalas 8h
Fungistatico <79%

Fungistatico:
reduccion del
numero o del
diametro de las
colonias

861
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(continuacién)

Referencias

Smijs et al.%®
(2004)

Smijs et al.?®
(2003)

Ouf et al.“®
(2003)

Propst y Lubin?*
(1978)

Microorganismo

T. rubrum
(suspension de
hifas y
microconidias)

T. rubrum
(cultivo liquido)

T. rubrum
Trichophyton
verrucosum
Trichophyton
violaceum

Microsporum canis

M. gypseum

Epidermophyton

floccosum
(solucion de
esporas)

T. mentagrophytes

M. gypseum

(suspension mixta

de esporas y
micelios)

Fotosensibilizante

Sylsens B
DP mme

Sylsens B
DP mme

Derivado de
hematoporfi-
rina, azul de
metileno, azul
de toluidina

Azul de
metileno.
Rojo neutro.
Proflavina
hemisulfato
(3mM)

Luz

A (nm)

580-870

NE (luz
blanca)

NE (luz
visible)

455

Dosis
(J/cm?)

108

108

72-144

Fluencia
(mW/cm?)

30

30

40

Fuente

«MASIVE» (n.°
74900/21). 13
max. 500
W-230V-R7s,
IP44 con filtro
de corte a
600 nm

«MASIVE» (n.°
74900/21). 13
max. 500
W-230V-R7s,
IP44

Oriel solar
simulator

Luz azul

Efecto de la TFD

Fungicida para
microconidias:
-Sylsens B 1 uM
-DPmme >5 pM
Fungicida para
hifas:

-Sylsens B 10 pM
-DPmme 40 pM
Fungicida
(3pgmL") con
Sylsens B y
DPmme.
Fungistatico con
ftalocianinas y
Photofrin de
unasemana de
duracion
Fungicida con
hematoporfirina y
azul de metileno a
10~3 M para M.
canis, T.
mentagrophytes y
T. verrucossum

Fungicida con
proflavina (3 mM)

ALA: acido 5-aminolevulinico; DP mme: deuteroporfirin monometiléster; NE: no especificado; Sylsens B: 5, 10, 15-tris (4-metilpiridinio)-20-fenil-[21H, 23H] tricloruro de porfina.
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Estudios de onicomicosis tratadas con terapia fotodinamica

Referencias

Watanabe D et al.??
(2008)
Sotiriou E et al.?? (2010)

Piraccini et al.?¢ (2008)

Aspiroz et al.** (2011)
Gilaberte et al.*> (2011)
Gilaberte et al.* (2011)
Aspiroz et al.** (2011)

Silva et al.>?(2013)

Figueiredo Souza et al.?’
(2014)

Figueiredo Souza et al.3®
(2014)

Tipo de
onicomicosis

Subungueal distal
y lateral
Subungueal distal
y lateral

Onicodistrofia
total
Subungueal
proximal

Blanca superficial
Onicodistrofia
Blanca superficial
Onicodistrofia.
Onicolisis distal
Subungueal distal
y lateral.

Onicodistrofia

Subungueal distal
y lateral

Subungueal distal
y lateral

Casos Agente causal
N.°
2 DTF NE

30 T. rubrum

1 T. rubrum

1 Acremonium sclerotigenum
1 Fusarium oxysporum

1 Aspergillus terreus

1 Candida

albicans + Malassezia furfur
1 NE

40 T. rubrum T.
mentagrophytes
E. floccosum
Aspergillus niger
Candida sp.
Fusarium sp.

22 T. rubrum

Localizacion

1.2 una pie
1.2 uha pie
(22 pacientes)
Otra una pie

(8 pacientes)
Primeras unas pies

5.2 uha mano

4.2 uha mano

1.2 a 5.2 uha mano
3.2y 4.9 mano

1.2 uha ambos pies

NE

NE

Urea previa a TFD
(%)

Si, urea 20%
Si, urea 20%
+abrasion
mecanica

Si, urea

40%

+ abrasion
mecanica

No

Si, urea al 40%
Si, urea al 40%
Si, urea al 40%
Si, urea al
20% + abrasion

mecanica

Abrasion
mecanica®

Abrasion
mecanica?

Fotosensibilizante

ALA 20%

ALA 20%

MAL 16%

MAL al 16% (Metvix®)
MAL al 16% (Metvix®)
MAL al 16% (Metvix®)
MAL al 16% (Metvix®)

Derivado de
hematoporfirina
(Photogem®

1 ml, mg/ml)

Solucion acuosa de azul
de metileno al 2%

Solucion acuosa de azul
de metileno al 2%

Tiempo de
incubacion

5h

3h

3h

4h
4h
4h
3h

1h

3min

008
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(continuacién)

Referencias

Watanabe D et al.*?
(2008)

Sotiriou E et al.?? (2010)

Piraccini et al.® (2008)
Aspiroz et al.** (2011)

Gilaberte et al.* (2011)
Gilaberte et al.* (2011)

Aspiroz et al.*? (2011)
Silva et al.>?(2013)

Figueiredo Souza et al.?’

(2014)

Figueiredo Souza et al.3®
(2014)

Aktilite: Photocure ASA, Oslo, Noruega. DTF: hongo dermatofito; MAL: metil aminolevulinato; NE: no especificado; Waldman TF 1200: Waldmann-Medizin-Technik, Villingen-Schwenningen,

Alemania.

Seguimiento
(meses)

3y6

12y 18

24
3,6,9y12

6

6y18
No

1y12

1y 12

Calidad de
evidencia

1I-1

N.° de sesiones
de TFD

6-7

12

12

Luz
\ (nm) Fluencia Irradiancia Fuente
(J/ecm?)  (mW/cm?)
630 100 NE Laser pulsado de
colorante excimer
(Hamamatsu Photonics KK)
570-670 40 40 Waldmann TFD 1200
630 37 NE Aktilite®
630 37 NE Aktilite®
630 37 NE Aktilite®
630 37 NE Aktilite®
630 37 NE Aktilite®
630 54 NE LED
630 18 100 LED
630 36 100 LED

@ Abrasion mecanica de la ufa si hiperqueratosis > 2 mm, veta longitudinal o dermatofitoma.

Tasa de curacion
clinica/microbioldgica

2 (100%)

A los 12 meses
seguimiento: 43%
A los 18 meses
seguimiento: 37%
1 (100%)

1 (100%)

1 (100%)
1 (100%)

1 (100%)
1 (100%)

Al final del tratamiento:
90%

A los 12 meses
seguimiento: 80%
Onicomicosis
leve-moderada: 100%
Onicomicosis grave:
63,3%

SISODLLIODLUO B) 3P ofauew 13 U ediweulpolos eidelal e) ap pepliin
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pacientes en los que los tratamientos antifingicos pre-
vios habian fracasado o presentaban enfermedades de base
que contraindicaban el tratamiento oral. Todos utilizan una
fuente de luz con una longitud de onda dentro del color rojo,
cuyo espectro no es absorbido por la hemoglobina y puede
penetrar mas profundamente en el tejido vivo, propiedad
que es particularmente importante en el tratamiento de las
infecciones ungueales. Por lo general, se ha utilizado una
lampara de diodos emisores de luz (LED) con una longitud de
onda de 630 & 10 nm (Aktilite®)??32-35, Los LED son compac-
tos, requieren menos energia para emitir luz con las longitu-
des de onda deseadas, no producen dafo térmico en los teji-
dos bioldgicos y se fabrican en varias longitudes de onda?®.

A pesar de que in vitro presenta un efecto fungista-
tico, el fotosensibilizante mas utilizado en la bibliografia
es ALA al 20%?%3? o su derivado metil-aminolevulinato
(MAL) al 16%73¢. Ambos se han mostrado efectivos
aplicados de forma tdpica y tras 24-48h de su apli-
cacion se han eliminado totalmente de los tejidos?:.
Otros fotosensibilizantes empleados han sido azul de
metileno al 2%**® y un derivado de la hematoporfirina
(Photogem®)*.,

Al final del tratamiento la mayoria de los estudios des-
criben un 90-100% de curacion clinica y microbiolégica,
porcentaje que disminuye con el seguimiento. Por otro
lado, la eficacia de la TFD parece depender de la rea-
lizacion de un pretratamiento de las ufas con urea y/o
abrasion de la ufa para aumentar la permeabilidad del
fotosensibilizante??32, asi como de la eliminacion activa de
la hiperqueratosis??3¢.

Los primeros casos publicados de onicomicosis trata-
dos con TFD son de 2008. Watanabe et al.’? tratan a
2 pacientes con onicomicosis subungueal distal y late-
ral por dermatofitos en la primera una del pie, que
previamente habian recibido otros tratamientos antifingi-
cos sin éxito terapéutico. Ambos pacientes recibieron un
pretratamiento con urea al 20% durante 10h para faci-
litar la penetracion del fotosensibilizante ALA (incubado
durante 5h). Posteriormente se irradié6 con laser pulsado
a una longitud de onda de 630nm y 100J/cm?. El trata-
miento fue repetido una vez por semana hasta observar
mejoria clinica y confirmar la desaparicion de los derma-
tofitos por KOH y cultivo. Los pacientes experimentaron
dolor leve durante la TFD, que se resolvid al final del
dia. La curacion clinica y microbiologica persistia a los 3
meses de seguimiento en un paciente y a los 6 meses en
otro.

Posteriormente, Piraccini et al.*® publicaron el caso de
una paciente con onicomicosis por T. rubrum en las prime-
ras uias de ambos pies, tratada sin éxito con antifiingico
topico y que presentaba contraindicaciones para recibir tra-
tamiento oral. Tras la aplicacion los dias previos de urea al
40% y eliminacion de la hiperqueratosis ungueal el dia de la
TFD, aplicaron MAL 16% con incubacion de 3 h en cura oclu-
siva e irradiaron con luz roja (Aktilite®) (630 nm, 37 J/cm?).
Tras 3 sesiones de TFD, con un intervalo de 15 dias entre
ellas y sin describir efectos adversos, obtuvieron curacion
clinica y micoldgica mantenida a los 24 meses de segui-
miento.

El grupo de Aspiroz**** y Gilaberte®, basandose en el
protocolo de actuacion de Piraccini et al., publicaron varios

casos de onicomicosis por hongos no dermatofitos (Acre-
monium sclerotigenum, Fusarium oxysporum, Aspergillus
terreus) y por levaduras (infeccion mixta por Candida albi-
cans y Malassezia furfur). En todos ellos las lesiones se
localizaron en las unas de las manos y fueron tratadas con
éxito, lo que apoyaria el uso de la TFD en este tipo de oni-
comicosis que muestran escasa respuesta a los antifingicos
orales y topicos™.

Silva et al.* describen la eficacia de la TFD utilizando un
derivado de hematoporfirina (Photogem®) en onicomicosis
de anos de evolucion, con cultivo negativo tras la finalizacion
del tratamiento, aunque sin seguimiento posterior.

Hasta la fecha solo existen 3 ensayos clinicos publi-
cados. Sotiriou et al.?? utilizan ALA 20% y 40J/cm? de
luz roja (Waldmann PDT 1200, Waldmann-Medizin-Technik,
Villingen-Schwenningen, Alemania) y tratan 30 pacientes
con onicomicosis subungueal distal y lateral por T. rubrum,
sin respuesta al tratamiento antifingico topico y con contra-
indicaciones confirmadas para usar antiflingicos orales. De
ellos, 22 (73,3%) presentaban afectacion de la primera una
del pie. El nimero de sesiones de tratamiento y los inter-
valos entre las mismas fueron similares a los utilizados por
Piraccini et al., con la diferencia de una preparacion las
10 noches previas con urea al 20% en cura oclusiva. Tras
12 meses de seguimiento, 13 pacientes (43,3%) presenta-
ban curacion clinica y microbioldgica, de los que solo 5
(16,6%) presentaron ausencia completa de los signos clini-
cos y 8 (26,6%) cambios residuales que afectaban a menos
de 10% de la placa de la ufa y cultivo negativo. A los 18
meses la tasa de curacion se redujo a 11 pacientes (36,6%),
lo que pudo deberse a la pobre penetracion del ALA, o a
que solo trataron una uia en casos de afectacion multi-
ple.

El grupo de Figueiredo Souza realiza 2 estudios usando
azul de metileno como fotosenbilizante. El mayor ensayo
publicado hasta la fecha incluye 80 pacientes diagnostica-
dos de onicomicosis de diferentes etiologias®’: T. rubrum,
T. mentagrophytes, Epidermophyton floccosum, Aspergillus
spp., Candida spp. y Fusarium spp. Se trata de un estudio
ciego en el que utilizan TFD con azul de metileno al 2% con
un intervalo de 15 dias entre cada sesion frente a fluco-
nazol oral durante 24 semanas. En ambos grupos aquellos
pacientes que presentaban hiperqueratosis>2mm, onico-
micosis longitudinal o dermatofitomas fueron tratados con
abrasion mecanica de la uia con el fin de facilitar la pene-
tracion del fotosensibilizante. Al final del tratamiento se
observo una tasa de curacion del 90% en el grupo de TFD con
azul de metileno frente al 45% en el grupo que habia reci-
bido fluconazol oral (p<0,002). En el primer grupo la tasa
de curacion fue del 80% a los 12 meses de seguimiento, inde-
pendientemente de si habian recibido abrasion previa o no.
Este estudio muestra que la TFD puede ser utilizada como
un tratamiento eficaz para la onicomicosis, independiente-
mente del hongo causal. No obstante, el utilizar fluconazol
oral como comparador puede suponer un sesgo, ya que es
menos eficaz que la terbinafina o el itraconazol*'*?. La tasa
de curacion clinica del 90% es la mas alta conseguida con
TFD, probablemente debido a la utilizacion de la abrasion
mecanica en lesiones hiperqueratdsicas, con dermatofitoma
y vetas longitudinales de hongos, habituales determinantes
en el fracaso del tratamiento®.
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Figura 2

Onicomicosis subungueal distal y lateral por T. mentagrophytes. Antes (A) y 36 semanas después (B) de tratamiento con

3 sesiones, separadas por una semana, de terapia fotodinamica con metilaminolevulinato al 16% y Aktilite (Photocure ASA, Oslo,
Noruega; 37 J/cm?). Antes de cada sesion se realizd preparacion con urea al 40% en oclusiva las 5 noches previas.

Conclusiones

La TFD es un tratamiento local, bien tolerado, facil-
mente reproducible, que no presenta interacciones con
otros farmacos y que ofrece la posibilidad de ser com-
binada con cualquier antifungico. Es una opcion de
tratamiento en onicomicosis de larga evolucion sin res-
puesta a los antifungicos habituales, en pacientes con
enfermedades subyacentes, polimedicados y en aque-
llos que no desean tratamientos prolongados en el
tiempo.

La variabilidad de los resultados obtenidos en los dife-
rentes estudios clinicos de TFD en onicomicosis podria ser
debida a factores dependientes de la técnica, tipo de
fotosensibilizante, nimero de sesiones administradas, pre-
paracion previa de las ufas, nimero de uhas afectadas,
gravedad de la onicomicosis, asi como al agente cau-
sal.

En funcion de todo lo expuesto y basado en nuestra
experiencia a lo largo de 5 anos (figs. 2 y 3), opinamos

que la TFD puede ser una buena opcion para pacien-
tes con onicomicosis de cualquier etiologia limitada a
pocas ufas, no tributarios de tratamiento sistémico, o
en los que se prevea una baja adherencia al mismo.
La existencia de signos clinicos de tina del pie o de
la mano, o la existencia de infeccion subclinica, obliga
a la asociacion con el tratamiento adecuado de la
misma.

La tabla 3 recoge el protocolo de TFD para onicomi-
cosis utilizado por nuestro grupo, en el que no se han
registrado efectos adversos significativos. Un aspecto impor-
tante del mismo es la aplicacion previa de urea al 40%,
asi como la eliminacion mecanica de los restos unguea-
les y zonas hiperqueratosicas, que parece favorecer la
penetracion del fotosensibilizante, mejorando la respuesta
clinica a la TFD. No obstante, son necesarios ensayos cli-
nicos, no solo para establecer la eficacia real, sino para
optimizar el procedimiento y sobre todo determinar qué
subgrupos de pacientes pueden beneficiarse de este trata-
miento.

Figura 3

Onicomicosis blanca superficial por Fusarium oxysporum. Antes (A) y 48 semanas después (B) de tratamiento con 3

sesiones, separadas por una semana de terapia fotodinamica con metilaminolevulinato al 16% y Aktilite (Photocure ASA, Oslo,
Noruega; 37 J/cm?). Antes de cada sesidn se realizé preparacidn con urea al 40% en oclusiva las 3 noches previas, y eliminacién
mecanica activa de lamina ungueal justo antes de la aplicacion del fotosensibilizante.
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Tabla 3 Protocolo de terapia fotodinamica para el tratamiento de onicomicosis

Dias previos

Aplicar urea 40% en cura oclusiva, 12-24 h, con cuidado de no macerar demasiado la piel periungueal:
En ufas de pies o manos con hiperqueratosis > 2 mm, se aplicara diariamente, durante los 5 dias previos a la terapia

fotodinamica?

En uias de manos o pies con hiperqueratosis < 2 mm bastaria con 2 o 3 dias de aplicacion de urea®

Dia del tratamiento

1. Limpiar con alcohol al 70% los restos de urea de la l[dmina ungueal y de la piel de alrededor
2. Eliminacion mecdnica de restos ungueales y zonas hiperqueratodsicas con bisturi o con abrasivos como limas

(recomendado, podria mejorar los resultados)

3. Limpiar con alcohol al 70% la ldmina ungueal y la piel de alrededor

4. Aplicar el fotosensibilizante en la ufia y la zona periungueal (ayudarse de un depresor o con el dedo para su aplicacion)
5. Se cubrird todo con apésito pldstico oclusivo, y cubrir con apésito opaco para proteger de la luz durante 3 h en el caso
del dcido 5-metilaminolevulinato al 16% (Metvix®, Galderma, La Défense Cedex, Francia)

6. lluminar con LED 635 nm (Aktilite®) con fluencia de 37 J/cm?

7. Proteger de la luz el drea tratada 24-48 h

8. Repetir el mismo protocolo cada 1-2 semanas, hasta completar 3 sesiones®

@ Tener precaucion para que la piel periungueal no resulte dafiada en exceso por la urea, lo que podria incrementar el dolor de la TFD

durante la iluminacion.
b El procedimiento se podria repetir si fuera necesario.

Conflicto de intereses

Los autores declaran no tener ningn conflicto de intereses.

Agradecimientos

Los autores quieren hacer constar su agradecimiento al
Ministerio de Economia y Competitividad por el apoyo
proporcionado a su investigacion en terapia fotodinamica
(Proyecto CTQ2013-48767-C3-2-R), asi como al Grupo de
Investigacion B85 del Gobierno de Aragon.

Bibliografia

1. Elewski B. Onychomycosis: Treatment, quality of life, and eco-
nomic issues. Am J Clin Dermatol. 2000;1:19-26.

2. Thomas J, Jacobson GA, Narkowicz CK, Peterson GM, Burnet H,
Sharpe C. Toenail onychomycosis: An important global disease
burden. J Clin Pharm Ther. 2010;35:497-519.

3. Loo DS. Onychomycosis in the elderly: Drug treatment options.
Drugs Aging. 2007;24:293-302.

4. Perea S, Ramos MJ, Garau M, Gonzalez A, Noriega AR, del
Palacio A. Prevalence and risk factors of tinea unguium and
tinea pedis in the general population in Spain. J Clin Microbiol.
2000;38:3226-30.

5. Midgley G, Moore MK. Onychomycosis. Rev Iberoam Micol.
1998;15:113-7.

6. Nenoff P, Kriiger C, Ginter-Hanselmayer G, Tietz HJ. Myco-
logy - an update. Part 1: Dermatomycoses: Causative agents,
epidemiology and pathogenesis. J Dtsch Dermatol Ges.
2014;12:188-211.

7. Relloso S, Arechavala A, Guelfand L, Maldonado |, Walker L,
Agorio |, et al. Onicomicosis: estudio multicéntrico clinico, epi-
demiolégico y micoldgico. Rev Iberoam Micol. 2012;29:157-63.

8. Sigurgeirsson B, Baran R. The prevalence of onychomycosis in
the global population - A literature study. J Eur Acad Dermatol
Venereol. 2013;28:1480-91.

1.

12.

13.

14.

15.

16.

17.

18.

19.

. Lopez-Jodra O, Torres-Rodriguez JM. Especies fungicas poco

comunes responsables de onicomicosis. Rev Iberoam Micol.
1999;16:511-5.

. Moreno G, Arenas R. Other fungi causing onychomycosis. Clin

Dermatol. 2010;28:160-3.

Elewski BE, Ghannoum MA, Mayser P, Gupta AK, Korting HC,
Shouey RJ, et al. Efficacy, safety and tolerability of topi-
cal terbinafine nail solution in patients with mild-to-moderate
toenail onychomycosis: Results from three randomized stu-
dies using double-blind vehicle-controlled and open-label
active-controlled designs. J Eur Acad Dermatol Venereol.
2013;27:287-94.

Larruskain J, Idigoras P, Mendiola J. Onicomicosis: diagnostico
y tratamiento. Inf Ter Sist Nac Salud. 2008;32:83-92.

Piraccini BM, Sisti A, Tosti A. Long-term follow-up of toenail
onychomycosis caused by dermatophytes after successful treat-
ment with systemic antifungal agents. J Am Acad Dermatol.
2010;62:411-4.

Garcia-Romero MT, Granados J, Vega-Memije ME, Arenas R. Ana-
lisis del polimorfismo genético de los loci HLA-B y HLA-DR en
pacientes con onicomicosis dermatofitica y familiares en primer
grado. Actas Dermosifiliogr. 2012;103:59-62.

Gupta AK, Simpson FC. Medical devices for the treatment of
onychomycosis. Dermatol Ther. 2012;25:574-81.

Lim EH, Kim HR, Park YO, Lee Y, Seo YJ, Kim CD, et al. Toe-
nail onychomycosis treated with a fractional carbon-dioxide
laser and topical antifungal cream. J Am Acad Dermatol.
2014;70:918-23.

Hollmig ST, Rahman Z, Henderson MT, Rotatori RM, Gladstone
H, Tang JY. Lack of efficacy with 1064-nm neodymium:yttrium-
aluminum-garnet laser for the treatment of onychomycosis:
A randomized, controlled trial. J Am Acad Dermatol.
2014;70:911-7.

Nair AB, Kim HD, Chakraborty B, Singh J, Zaman M, Gupta
A, et al. Ungual and trans-ungual iontophoretic delivery of
terbinafine for the treatment of onychomycosis. J Pharm Sci.
2009;98:4130-40.

Jori G, Fabris C, Soncin M, Ferro S, Coppellotti O, Dei D, et al.
Photodynamic therapy in the treatment of microbial infections:
Basic principles and perspective applications. Lasers Surg Med.
2006;38:468-81.


http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0235
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0235
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0235
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0235
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0235
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0235
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0235
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0235
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0235
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0235
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0235
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0235
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0235
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0235
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0235
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0235
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0235
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0235
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0235
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0235
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0235
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0240
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0240
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0240
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0240
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0240
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0240
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0240
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0240
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0240
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0240
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0240
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0240
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0240
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0240
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0240
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0240
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0240
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0240
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0240
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0240
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0240
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0240
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0240
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0240
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0240
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0240
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0240
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0240
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0240
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0240
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0240
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0240
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0245
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0245
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0245
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0245
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0245
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0245
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0245
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0245
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0245
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0245
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0245
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0245
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0245
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0245
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0245
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0245
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0250
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0250
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0250
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0250
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0250
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0250
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0250
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0250
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0250
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0250
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0250
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0250
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0250
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0250
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0250
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0250
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0250
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0250
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0250
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0250
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0250
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0250
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0250
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0250
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0250
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0250
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0250
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0250
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0250
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0250
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0250
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0250
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0250
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0250
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0250
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0250
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0250
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0250
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0250
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0250
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0255
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0255
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0255
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0255
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0255
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0255
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0255
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0255
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0255
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0255
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0255
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0255
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0255
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0255
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0260
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0260
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0260
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0260
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0260
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0260
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0260
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0260
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0260
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0260
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0260
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0260
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0260
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0260
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0260
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0260
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0260
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0260
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0260
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0260
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0260
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0260
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0260
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0260
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0260
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0260
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0260
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0260
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0260
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0260
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0260
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0260
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0260
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0265
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0265
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0265
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0265
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0265
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0265
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0265
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0265
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0265
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0265
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0265
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0265
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0265
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0265
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0265
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0265
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0265
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0265
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0265
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0265
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0265
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0265
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0265
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0265
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0265
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0265
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0265
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0265
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0265
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0265
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0265
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0265
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0265
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0270
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0270
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0270
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0270
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0270
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0270
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0270
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0270
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0270
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0270
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0270
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0270
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0270
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0270
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0270
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0270
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0270
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0270
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0270
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0270
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0270
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0270
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0270
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0270
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0270
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0270
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0270
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0270
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0275
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0275
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0275
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0275
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0275
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0275
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0275
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0275
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0275
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0275
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0275
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0275
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0275
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0275
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0275
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0275
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0275
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0275
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0275
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0275
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0275
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0275
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0280
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0280
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0280
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0280
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0280
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0280
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0280
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0280
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0280
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0280
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0280
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0280
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0280
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0280
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0280
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0285
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0290
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0290
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0290
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0290
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0290
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0290
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0290
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0290
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0290
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0290
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0290
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0290
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0290
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0290
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0290
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0290
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0290
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0290
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0290
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0290
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0290
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0290
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0295
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0295
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0295
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0295
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0295
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0295
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0295
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0295
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0295
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0295
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0295
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0295
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0295
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0295
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0295
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0295
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0295
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0295
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0295
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0295
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0295
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0295
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0295
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0295
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0295
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0295
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0295
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0295
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0295
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0295
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0295
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0295
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0295
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0300
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0300
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0300
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0300
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0300
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0300
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0300
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0300
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0300
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0300
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0300
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0300
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0300
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0300
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0300
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0300
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0300
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0300
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0300
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0300
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0300
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0300
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0300
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0300
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0300
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0300
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0300
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0300
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0300
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0300
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0300
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0300
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0300
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0300
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0300
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0300
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0300
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0300
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0300
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0300
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0305
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0305
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0305
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0305
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0305
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0305
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0305
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0305
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0305
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0305
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0305
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0305
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0305
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0305
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0305
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0305
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0305
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0305
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0305
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0310
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0310
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0310
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0310
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0310
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0310
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0310
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0310
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0310
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0310
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0310
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0310
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0310
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0310
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0310
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0310
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0310
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0310
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0310
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0310
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0310
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0310
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0310
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0310
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0310
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0310
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0310
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0310
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0310
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0310
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0310
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0310
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0310
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0310
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0310
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0310
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0310
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0310
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0310
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0310
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0310
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0315
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0320
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0320
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0320
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0320
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0320
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0320
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0320
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0320
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0320
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0320
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0320
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0320
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0320
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0320
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0320
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0320
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0320
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0320
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0320
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0320
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0320
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0320
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0320
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0320
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0320
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0320
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0320
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0320
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0320
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0320
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0320
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0320
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0320
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0320
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0320
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0320
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0325
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0325
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0325
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0325
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0325
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0325
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0325
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0325
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0325
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0325
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0325
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0325
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0325
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0325
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0325
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0325
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0325
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0325
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0325
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0325
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0325
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0325
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0325
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0325
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0325
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0325
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0325
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0325
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0325
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0325
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0325
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0325
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0325
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0325
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0325
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0325

Utilidad de la terapia fotodinamica en el manejo de la onicomicosis

805

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Simmons BJ, Griffith RD, Falto-Aizpurua LA, Nouri K. An update
on photodynamic therapies in the treatment of onychomycosis.
J Eur Acad Dermatol Venereol. 2015;29:1275-9.

Dougherty TJ, Gomer CJ, Henderson BW, Jori G, Kessel D,
Korbelik M, et al. Photodynamic therapy. J Natl Cancer Inst.
1998;90:889-905.

Sotiriou E, Koussidou-Eremonti T, Chaidemenos G, Apalla Z,
loannides D. Photodynamic therapy for distal and lateral subun-
gual toenail onychomycosis caused by Trichophyton rubrum:
Preliminary results of a single-centre open trial. Acta Derm
Venereol. 2010;90:216-7.

Calzavara-Pinton PG, Venturini M, Sala R. A comprehensive
overview of photodynamic therapy in the treatment of super-
ficial fungal infections of the skin. J Photochem Photobiol B.
2005;78:1-6.

Propst C, Lubin L. In vitro and in vivo photosensitized inacti-
vation of dermatophyte fungi by heterotricyclic dyes. Infect
Immun. 1978;20:136-41.

Smijs TG, Schuitmaker HJ. Photodynamic inactivation of the
dermatophyte Trichophyton rubrum. Photochem Photobiol.
2003;77:556-60.

Smijs TG, van der Haas RN, Lugtenburg J, Liu Y, de Jong RL,
Schuitmaker HJ. Photodynamic treatment of the dermatophyte
Trichophyton rubrum and its microconidia with porphyrin pho-
tosensitizers. Photochem Photobiol. 2004;80:197-202.

Smijs TG, Bouwstra JA, Schuitmaker HJ, Talebi M, Pavel S.
A novel ex vivo skin model to study the susceptibility of the
dermatophyte Trichophyton rubrum to photodynamic treat-
ment in different growth phases. J Antimicrob Chemother.
2007;59:433-40.

Kamp H, Tietz HJ, Lutz M, Piazena H, Sowyrda P, Lademann
J, et al. Antifungal effect of 5-aminolevulinic acid PDT in Tri-
chophyton rubrum. Mycoses. 2005;48:101-7.

Amorim JC, Soares BM, Alves OA, Ferreira MV, Sousa GR, Silveira
Lde B, et al. Phototoxic action of light emitting diode in the
in vitro viability of Trichophyton rubrum. An Bras Dermatol.
2012;87:250-5.

Paz-Cristobal MP, Gilaberte Y, Alejandre C, Pardo J, Revillo MJ,
Rezusta A. In vitro fungicidal photodynamic effect of hypericin
on Trichophyton spp. Mycopathologia. 2014;178:221-5.
Morton CO, Chau M, Stack C. In vitro combination therapy
using low dose clotrimazole and photodynamic therapy leads
to enhanced killing of the dermatophyte Trichophyton rubrum.
BMC Microbiol. 2014;14:261.

Watanabe D, Kawamura C, Masuda Y, Akita Y, Tamada Y, Mat-
sumoto Y. Successful treatment of toenail onychomycosis with
photodynamic therapy. Arch Dermatol. 2008;144:19-21.
Aspiroz C, Gilaberte Y, Paz-Cristobal P, Rezusta A. Onicolisis dis-
tal en un paciente anciano polimedicado resuelta con terapia
fotodinamica. Enferm Infecc Microbiol Clin. 2011;29:626-8.

34.

35.

36.

37.

38.

39.

40.

M.

42.

43.

45.

46.

Aspiroz C, Fortuno B, Rezusta A, Paz-Cristobal P, Dominguez-
Luzon F, Gene Diaz J, et al. Terapia fotodinamica aplicada
al tratamiento de la onicomicosis. Presentacion de un caso
y revision de la literatura. Rev Iberoam Micol. 2011;28:
191-3.

Gilaberte Y, Aspiroz C, Martes MP, Alcalde V, Espinel-Ingroff A,
Rezusta A. Treatment of refractory fingernail onychomycosis
caused by nondermatophyte molds with methylaminolevuli-
nate photodynamic therapy. J Am Acad Dermatol. 2011;65:
669-71.

Piraccini BM, Rech G, Tosti A. Photodynamic therapy of
onychomycosis caused by Trichophyton rubrum. J Am Acad Der-
matol. 2008;59:575-6.

Figueiredo Souza LW, Souza SV, Botelho AC. Randomized contro-
lled trial comparing photodynamic therapy based on methylene
blue dye and fluconazole for toenail onychomycosis. Dermatol
Ther. 2014;27:43-7.

Souza LW, Souza SV, Botelho AC. Distal and lateral toenail ony-
chomycosis caused by Trichophyton rubrum: Treatment with
photodynamic therapy based on methylene blue dye. An Bras
Dermatol. 2014;89:184-6.

Silva AP, Kurachi C, Bagnato VS, Inada NM. Fast elimination
of onychomycosis by hematoporphyrin derivative-photodynamic
therapy. Photodiagnosis Photodyn Ther. 2013;10:328-30.
Baudraz-Rosselet F, Ruffieux C, Lurati M, Bontems O, Monod
M. Onychomycosis insensitive to systemic terbinafine and azole
treatments reveals non-dermatophyte moulds as infectious
agents. Dermatology. 2010;220:164-8.

Westerberg DP, Voyack MJ. Onychomycosis: Current trends
in diagnosis and treatment. Am Fam Physician. 2013;88:
762-70.

Arca E, Tastan HB, Akar A, Kurumlu Z, Giir AR. An open, ran-
domized, comparative study of oral fluconazole, itraconazole
and terbinafine therapy in onychomycosis. J Dermatolog Treat.
2002;13:3-9.

Scher RK, Baran R. Onychomycosis in clinical practice: fac-
tors contributing to recurrence. Br J Dermatol. 2003;149:
5-9.

. Smijs TG, Pavel S, Talebi M, Bouwstra JA. Preclinical studies

with  5,10,15-Tris(4-methylpyridinium)-20-phenyl-[21H,23H]-
porphine trichloride for the photodynamic treatment of
superficial mycoses caused by Trichophyton rubrum. Photochem
Photobiol. 2009;85:733-9.

Donnelly RF, McCarron PA, Lightowler JM, Woolfson AD. Bioad-
hesive patch-based delivery of 5-aminolevulinic acid to the nail
for photodynamic therapy of onychomycosis. J Control Release.
2005;103:381-92.

Ouf SA, Abdel-Kader MH, Shokeir HA, El-Adly AA. Study of
solar photosensitization processes on dermatophytic fungi. Acta
Microbiol Pol. 2003;52:65-79.


http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0330
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0330
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0330
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0330
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0330
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0330
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0330
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0330
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0330
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0330
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0330
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0330
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0330
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0330
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0330
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0330
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0330
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0330
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0330
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0330
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0330
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0330
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0330
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0330
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0330
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0330
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0330
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0330
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0330
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0335
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0335
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0335
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0335
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0335
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0335
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0335
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0335
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0335
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0335
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0335
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0335
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0335
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0335
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0335
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0335
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0335
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0335
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0335
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0335
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0335
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0335
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0335
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0335
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0335
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0335
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0335
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0335
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0335
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0335
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0340
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0345
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0345
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0345
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0345
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0345
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0345
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0345
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0345
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0345
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0345
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0345
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0345
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0345
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0345
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0345
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0345
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0345
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0345
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0345
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0345
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0345
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0345
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0345
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0345
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0345
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0345
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0345
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0345
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0345
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0345
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0345
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0345
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0345
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0345
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0345
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0345
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0350
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0350
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0350
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0350
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0350
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0350
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0350
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0350
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0350
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0350
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0350
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0350
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0350
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0350
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0350
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0350
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0350
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0350
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0350
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0350
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0350
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0350
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0350
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0350
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0350
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0350
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0355
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0355
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0355
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0355
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0355
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0355
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0355
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0355
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0355
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0355
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0355
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0355
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0355
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0355
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0355
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0355
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0355
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0355
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0355
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0355
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0355
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0355
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0355
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0360
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0360
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0360
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0360
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0360
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0360
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0360
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0360
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0360
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0360
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0360
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0360
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0360
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0360
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0360
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0360
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0360
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0360
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0360
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0360
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0360
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0360
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0360
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0360
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0360
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0360
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0360
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0360
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0360
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0360
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0360
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0360
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0360
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0360
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0360
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0360
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0360
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0360
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0360
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0360
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0360
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0365
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0370
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0370
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0370
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0370
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0370
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0370
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0370
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0370
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0370
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0370
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0370
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0370
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0370
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0370
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0370
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0370
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0370
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0370
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0370
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0370
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0370
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0370
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0370
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0370
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0370
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0370
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0370
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0370
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0370
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0370
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0370
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0370
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0370
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0370
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0370
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0375
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0375
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0375
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0375
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0375
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0375
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0375
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0375
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0375
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0375
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0375
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0375
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0375
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0375
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0375
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0375
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0375
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0375
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0375
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0375
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0375
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0375
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0375
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0375
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0375
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0375
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0375
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0375
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0375
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0375
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0375
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0375
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0375
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0375
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0375
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0375
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0375
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0375
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0375
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0375
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0375
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0380
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0380
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0380
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0380
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0380
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0380
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0380
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0380
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0380
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0380
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0380
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0380
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0380
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0380
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0380
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0380
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0380
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0380
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0380
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0380
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0380
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0380
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0380
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0380
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0380
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0380
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0380
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0380
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0380
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0380
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0380
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0380
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0380
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0380
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0380
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0385
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0385
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0385
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0385
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0385
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0385
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0385
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0385
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0385
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0385
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0385
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0385
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0385
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0385
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0385
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0385
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0385
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0385
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0385
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0385
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0385
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0385
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0385
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0385
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0385
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0385
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0385
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0385
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0385
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0385
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0385
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0390
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0390
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0390
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0390
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0390
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0390
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0390
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0390
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0390
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0390
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0390
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0390
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0390
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0390
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0390
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0390
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0390
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0390
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0390
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0390
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0390
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0390
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0390
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0390
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0390
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0390
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0390
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0390
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0390
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0390
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0390
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0390
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0390
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0390
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0390
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0395
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0395
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0395
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0395
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0395
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0395
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0395
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0395
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0395
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0395
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0395
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0395
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0395
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0395
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0395
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0395
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0395
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0395
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0395
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0395
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0395
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0395
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0395
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0395
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0395
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0395
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0395
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0395
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0395
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0395
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0395
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0395
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0395
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0400
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0405
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0405
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0405
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0405
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0405
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0405
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0405
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0405
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0405
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0405
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0405
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0405
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0405
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0405
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0405
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0405
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0405
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0405
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0405
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0405
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0405
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0405
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0405
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0405
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0405
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0405
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0405
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0405
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0405
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0405
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0405
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0405
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0405
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0405
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0405
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0405
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0405
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0405
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0405
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0405
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0405
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0405
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0410
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0410
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0410
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0410
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0410
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0410
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0410
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0410
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0410
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0410
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0410
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0410
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0410
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0410
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0410
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0410
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0410
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0410
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0410
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0410
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0410
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0410
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0410
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0410
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0410
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0410
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0410
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0410
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0410
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0410
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0415
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0415
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0415
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0415
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0415
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0415
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0415
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0415
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0415
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0415
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0415
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0415
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0415
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0415
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0415
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0415
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0415
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0415
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0415
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0415
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0415
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0415
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0415
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0415
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0415
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0415
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0415
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0415
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0415
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0415
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0415
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0415
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0415
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0415
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0415
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0420
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0420
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0420
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0420
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0420
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0420
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0420
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0420
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0420
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0420
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0420
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0420
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0420
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0420
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0420
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0420
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0420
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0420
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0420
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0420
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0420
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0420
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0420
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0420
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0420
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0420
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0420
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0420
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0420
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0420
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0420
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0420
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0420
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0420
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0420
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0420
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0420
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0420
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0420
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0425
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0425
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0425
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0425
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0425
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0425
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0425
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0425
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0425
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0425
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0425
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0425
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0425
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0425
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0425
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0425
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0425
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0425
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0425
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0425
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0425
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0425
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0425
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0425
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0425
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0425
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0425
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0425
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0425
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0425
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0430
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0430
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0430
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0430
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0430
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0430
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0430
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0430
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0430
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0430
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0430
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0430
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0430
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0430
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0430
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0430
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0430
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0430
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0430
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0430
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0430
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0430
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0430
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0430
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0430
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0430
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0430
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0430
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0430
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0430
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0430
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0430
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0430
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0430
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0435
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0435
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0435
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0435
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0435
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0435
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0435
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0435
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0435
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0435
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0435
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0435
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0435
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0435
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0435
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0435
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0435
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0435
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0435
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0435
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0435
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0435
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0435
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0435
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0440
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0440
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0440
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0440
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0440
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0440
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0440
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0440
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0440
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0440
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0440
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0440
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0440
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0440
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0440
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0440
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0440
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0440
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0440
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0440
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0440
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0440
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0440
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0440
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0440
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0440
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0440
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0440
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0440
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0440
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0440
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0440
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0440
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0440
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0440
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0440
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0440
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0440
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0440
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0445
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0445
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0445
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0445
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0445
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0445
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0445
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0445
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0445
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0445
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0445
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0445
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0445
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0445
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0445
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0445
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0445
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0445
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0445
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0445
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0445
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0445
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0450
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0450
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0450
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0450
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0450
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0450
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0450
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0450
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0450
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0450
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0450
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0450
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0450
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0450
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0450
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0450
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0450
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0450
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0450
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0450
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0450
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0450
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0450
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0450
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0450
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0450
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0450
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0450
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0450
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0450
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0450
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0450
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0450
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0450
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0450
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0450
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0450
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0450
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0450
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0450
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0455
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0455
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0455
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0455
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0455
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0455
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0455
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0455
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0455
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0455
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0455
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0455
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0455
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0455
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0455
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0455
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0455
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0455
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0455
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0455
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0455
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0455
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0455
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0455
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0455
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0455
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0455
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0455
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0455
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0455
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0455
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0455
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0455
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0455
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0455
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0460
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0460
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0460
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0460
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0460
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0460
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0460
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0460
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0460
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0460
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0460
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0460
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0460
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0460
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0460
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0460
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0460
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0460
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0460
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0460
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0460
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0460
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0460
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0460
http://refhub.elsevier.com/S0001-7310(15)00374-9/sbref0460

	Utilidad de la terapia fotodinámica en el manejo de la onicomicosis
	Introducción
	¿La terapia fotodinámica es eficaz in vitro frente a los hongos filamentosos que causan onicomicosis?
	¿Qué evidencia clínica apoya el uso de la terapia fotodinámica en las onicomicosis?

	Conclusiones
	Conflicto de intereses
	Agradecimientos
	Bibliografía


