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Resumen

Antecedentes: El acné es una de las afecciones dermatologicas con mayor incidencia a nivel
mundial; su origen es multifactorial y, por lo tanto, su tratamiento puede ser complejo. Pro-
pionibacterium acnes tiene un papel primordial en la inflamacion de esta dermatosis y para
su tratamiento se usan antibioticos topicos; entre los principales se encuentran eritromicina y
clindamicina, en los que se ha documentado una amplia resistencia bacteriana, lo que genera
controversia respecto a su uso. Por este motivo se presenta un metaanalisis de las publicaciones
de los Ultimos 10 afos para confirmar esta hipotesis.

Material y métodos: En la literatura de los ultimos 10 afios se buscaron articulos sobre resul-
tados de cultivos con antibiograma de pacientes con acné. Se realizaron busquedas tipo
MeSH con los términos «acne vulgaris», «Propionibacterium acnes», «topical administration»,
«treatment», «erythromycin», «clindamycin», «nadifloxacin», «antibacterial agent», «bacterial
drug resistance», en los metabuscadores PubMed, Ovid, EBSCO, Cochrane, ScienceDirect y
ClinicalKey.

Resultados: Se encontraron 13 articulos que cumplieron con los criterios de inclusion. La razon
de momios promedio (OR 1.24, IC 95%) de los articulos demostro una ligera tendencia hacia la
resistencia de Propionibacterium acnes.

Conclusiones: Se confirma el aumento en la resistencia bacteriana de Propionibacterium acnés
a eritromicina y clindamicina topica, por lo que recomendamos el uso de estos antibioticos
combinados en casos selectos por periodos cortos y en combinacion con perdxido de benzoilo,
para obtener el mejor resultado clinico en los pacientes con Acne vulgaris.
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Bacterial resistance in ache? A meta-analysis of the controversy

Abstract

Background: Acne is one of the dermatological pathologies with the highest incidence around
the world. It is a multifactorial disease and its treatment can be complex. Propionibacterium
acnes play a key role in the inflammation of this dermatosis. Topical antibiotics, including mainly
erythromycin and clindamycin, have been used, but there is controversy over their use due to
the widely documented bacterial resistance. For this reason a meta-analysis of the publications
over the past 10 years is presented in order to confirm this hypothesis.

Material and methods: A search was made of the publications over the past 10 years
that included the results of antibiogams of patients with acne. MeSH type searches were

performed with the terms ‘‘acne vulgaris’’, ‘‘Propionibacterium acnes’’, *‘topical admi-
nistration’’, ‘‘treatment’’, ‘‘erythromycin’’, ‘‘clindamycin’’, ‘‘nadifloxacin’’, ‘‘antibacterial
agent’’, ‘‘bacterial drug resistance’’ in PubMed, Ovid, EBSCO, Cochrane, ScienceDirect and

ClinicalKey meta-searches.

Results: A total of 13 articles were found that met the inclusion criteria. The mean odds ratio
(OR 1.24, 95% Cl) of the articles showed a slight tendency toward resistance of Propionibacte-
rium acnes.

Conclusions: An increase in bacterial resistance to topical erythromycin and clindamycin can
be confirmed, thus the use of these antibiotics is recommended in selective cases for short
periods, and in combination with benzoyl peroxide for the best clinical outcome in patients
with acne vulgaris.

© 2015 Academia Mexicana de Cirugia A.C. Published by Masson Doyma México S.A. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Antecedentes

El acné es la segunda causa de consulta en dermatologia,
por lo que es importante conocer el tratamiento ade-
cuado de este'. Las guias de tratamiento para el acne
vulgaris establecen como criterios: a) la variedad clinica
del acné, clasificandolo en comedoénico, papulopustuloso
y noduloquistico, y b) la severidad?. El tratamiento mas
utilizado en el acné, y especialmente en los casos de
acné papulopustuloso, son los antibidticos topicos®?; en el
caso de Propionibacterium acnes (P. acnes) se ha confir-
mado, a través de cultivos y antibiogramas, un incremento
en la resistencia a los antibidticos topicos® por su uso
indiscriminado’.

Con la finalidad de evaluar si existe evidencia suficiente
para considerar que P. acnes es resistente a los antibioticos
topicos, llevamos a cabo un metaanalisis de los articulos
publicados sobre el tema e investigamos los ultimos 10 afos
(2004-2013).

Material y métodos
Estrategia de busqueda

Se reviso la literatura publicada desde el 1 de enero de 2004
hasta el 31 de diciembre de 2013 sobre el tratamiento topico
para el acné. Los metabuscadores que utilizamos fueron
PubMed, Ovid, EBSCO, Cochrane, ScienceDirect y Clinical-
Key.

Se realizaron bUsquedas de los siguientes térmi-
nos MeSH: «acne vulgaris», «Propionibacterium acnes»,
«topical administration», «treatment», «erythromycin»,
«clindamycin», «nadifloxacin», «antibacterial agent»,
«bacterial drug resistance».

Seleccion de estudios

Se eligieron los estudios publicados desde el 1 de enero de
2004 hasta el 31 de diciembre de 2013 (10 anos) y que estu-
vieran escritos en idioma inglés y/o espanol. Dos autores
(Alvarez-Sanchez y Arellano-Mendoza) revisaron, evaluaron
y eligieron de manera independiente los estudios a anali-
zar.

Analisis microbiolégico

Se obtuvieron los datos relacionados con el método de
manejo de la muestra, transporte, cultivo, aislamiento e
identificacion de P acnes, asi como los resultados del anti-
biograma con antibidticos disponibles en administracion
topica (clindamicina, eritromicina o nadifloxacino). Se valo-
raron con resultados de: sensibilidad y resistencia, puntos
de corte de la concentracion minima inhibitoria o E-strip
basados en los estandares del European Committee on Anti-
microbial Susceptibility Testing o Clinical and Laboratory
Standards Institute®.
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Autor Estadistica de cada estudio Razén de momios e IC de 95%
Razénde Limite Limite
momios inferior superior ValorZ Valor p

Schaferet al.'? 0529  0.145 1.929 -0.965 0.334 —a
Mendoza et al.”® 0.667 0215 2071 -0.701 0.483 —a—
Luk etal.”® 1556  0.475 5.094 0730 0.465 ——
Moon et al.8 1930 0268 13.881 0.653 0514
Song et al.'” 0.050 0.000 5.783 -1.237 0.216 <
Zandi et al.’® 1949 0467 8131 0.916 0.360 —T—
Dumont-Wallonet al.'! 3015 1.426  6.374  2.889 0.004 -

) , 3.083 0523 18187 1.244 0214 .
Gonzalez et al. 0913 0184 4536 -0.112 0.911 ——
Ishida et al. 0.265 0091 0770 -2.439 0.015 -
Tanetal.” 0.082 0006 1.028 -1.938 0.053 <
Gubelin et al. 1164 0254 5340 0.196 0.845
Erginetal. © 1.040 0475 2280 0.099 0.921
Oprica et al. 1105 0.784 1559 0.570 0.568

0.01 0.1 1 10 100
Sensible Resistente
Figura 1  Estadistica de cada estudio.

Extraccion de datos

Se sometieron a evaluacion los datos derivados de estu-
dios publicados. Se extrajo de cada estudio la siguiente
informacién: nimero de pacientes totales, pacientes con
identificacion de P acnes y los datos microbioldgicos ya
mencionados. Cualquier discrepancia entre los observado-
res se resolvid por consenso o con la inclusion de un tercer
observador.

Analisis estadistico

Para el procesamiento de los datos se utilizé el programa
Comprehensive Meta-Analysis (CMA version 2.2.064), se
introdujeron los datos y se realizo el analisis estadistico,
el cual podemos ver en el forest plot (fig. 1).

El punto de corte para determinar resistencia o sensibi-
lidad es una odds ratio (OR) de 1, donde menos de 1 indica
sensibilidad y mayor a 1 indica resistencia; los valores de
p <0.05 se consideraron estadisticamente significativos.

Resultados

En la bUsqueda mencionada se encontraron alrededor de
501 articulos en el periodo seleccionado (enero 2004-
diciembre 2013). No encontramos articulos duplicados y
del total solo 142 cumplian con el criterio de identificar a
P. acnes, asi como con el analisis de resistencia y sensibili-
dad con antibiograma; sin embargo, solo 24 estudios fueron
seleccionados para revision metodologica y analisis, que-
dando solo 13 que reunian todos los datos microbiologicos
y clinicos a analizar; los estudios restantes fueron excluidos
por falta de datos o por presentar metodologia incompleta
(fig. 2).

Se determino que 13 articulos contaban con una clasi-
ficacion de casos y controles con un nivel de evidencia y
recomendacion grado IIB, sin obtener el nivel de ensayo

clinico, lo cual es preferible para este disefio estadistico
(tabla 1)7-17,

De los trabajos seleccionados se extrajeron los siguientes
datos: muestra con P. acnes, sensibilidad y resistencia a clin-
damicina y eritromicina. Nadifloxacino no fue encontrado
en ninguna de las publicaciones; solamente levofloxacino
fue probado, pero su via de administracion lo descarta del
estudio’.

Una vez seleccionados estos datos se calculd la razén
de momios OR de cada uno de ellos, asi como el calculo
del limite superior y el valor estadistico de p en cada arti-
culo.

En la figura 1 podemos observar como el promedio de OR
se encuentra en 1.24, con un IC del 95% de 0.7048-2.3090.
De los 13 articulos se obtuvo un total de 1,770 pacientes,
con un rango de 40 a 400 y una media de 136.15; P. acnes se
identifico en un 70% de los pacientes y se demostro resisten-
cia al tratamiento en un 43%, con sensibilidad en un 57%. La
mayoria de los articulos son de paises diferentes, excepto
por 2 de Chile (Schafer et al.'? y Giibelin et al.') y 2 de Corea
(Moon et al. y Song et al."”). Los demas paises son: México’
(Gonzélez et al.), Japén’® (Ishida et al.), China'® (Luk et al.),
Francia'' (Dumont-Wallon et al.), Suecia' (Oprica et al.),
Singapur® (Tan et al.), Iran'® (Zandi et al.), Colombia
(Mendoza et al.) y Turquia'® (Ergin et al.). Los afos en los
que se observo mayor resistencia fueron entre el 2010 y el
2012 (tabla 1).

Discusion

El acné es un motivo frecuente de consulta en nuestra prac-
tica clinica'. En los Gltimos afos se ha hecho evidente la
resistencia a los antibioticos topicos en diferentes publica-
ciones, principalmente a la eritromicina y la clindamicina
topicas?; sin embargo, en la practica no se ha esclarecido
completamente su significado clinico y se siguen usando
como practica comun en el manejo de los pacientes, princi-
palmente en aquellos con acné papulopustuloso. Al revisar
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13 articulos
quedan en
seleccion final

no indica toma de muestra en pacientes con
acné, 2 hablan de resistencia,
historia y creacién de biofilm,

3 hablan de resistencia y tipo de muestreo
cutaneo, realizan antibiograma no mencionan
porcentajes de resistencia y realizan secuencia
genoémica.

Figura 2  Proceso de seleccion de los articulos.
Tabla 1 Estudios seleccionados
Autores Pais Afo  Total de  Muestras Resistente Sensible Porcentaje de Porcentaje de Porcentaje Porcentaje
muestras con P. acnes resistencia sensibilidad de ERI de CLN
Schafer et al."”>  Chile 2013 83 80 27 53 33.8 66.3 12.50 7.50
Mendoza et al.’® Colombia 2013 100 100 40 60 40.0 60.0 35.00 15.00
Luk et al.™® China 2013 111 86 47 39 54.7 45.3 20.90 53.50
Moon et al.? Corea 2012 100 30 11 19 36.7 63.3 26.70 30.00
Song et al."” Corea 2011 46 31 1 30 3.2 96.8 0.00 3.22
Zandi et al."® Iran 2011 100 57 30 27 52.6 47.4 12.10 10.30
Dumont-Wallon  Francia 2010 273 273 205 68 75.1 24.9 73.60 NA
etal."

Gonzélez et al.”  México 2010 49 49 37 12 75.5 24.5 46.00 36.00
Ishida et al.’ Japon 2008 73 48 18 30 37.5 62.5 10.40 8.30
Tan et al.”® Singapur 2007 262 174 26 148 14.9 85.1 52.00 50.00
Giibelin et al.™  Chile 2006 53 53 4 49 7.5 92.5 69.20 50.00
Ergin et al.”” Turquia 2006 120 53 18 35 34.0 66.0 18.00 15.00
Oprica et al.” Suecia 2004 400 201 69 132 34.3 65.7 19.90 27.30

Total 1,770 1,235 533 702 38.4 61.6 30.48 25.51

CLN: clindamicina; ERI: eritromicina; NA: no asignado; P. acnes: Propionibacterium acnes.
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la literatura podemos observar que son pocas las publica-
ciones que contienen criterios estrictos de demostracion
de la resistencia de P acnes a los antibioticos topicos;
7 articulos presentan una OR mayor a 1, lo cual muestra una
tendencia a la resistencia bacteriana. También encontramos
2 estudios que presentaban una excelente sensibilidad a los
antibidticos'"”. En el estudio de Song et al."” de 31 mues-
tras diagnosticadas con P. acnes, solamente un aislado fue
resistente a clindamicina, lo cual mueve el promedio gene-
ral de los estudios hacia la sensibilidad, y esto también se
demuestra con el analisis antes mencionado en el total de
los pacientes.

Eritromicina y clindamicina son los 2 antibioticos topicos
que todos los articulos prueban. En el caso de eritromi-
cina, el porcentaje de resistencia promedio en todas las
publicaciones es de un 30%, con un maximo de 73.6% en
el estudio de Dumont-Wallon et al."" y nula resistencia en el
estudio de Song et al."”. El caso de clindamicina es similar,
con un promedio de resistencia de un 25.5% y un maximo de
53% en el estudio de Luk et al."® con un minimo del 3% en el
estudio ya antes mencionado de Song et al."’.

Debemos resaltar que a pesar de que existe una tenden-
cia estadistica hacia la resistencia bacteriana, esta es muy
débil y clinicamente puede haber fallo en el tratamiento
topico; sin embargo, se debe recordar que la combinacion
de los antibioticos topicos con perdxido de benzoilo, como
lo indican las guias de tratamiento, disminuye la incidencia
de resistencia. Publicaciones recientes comprobaron que los
pacientes con P. acnes resistente tienen un beneficio cli-
nico si antes del tratamiento con el antibidtico tdpico se
realiza un lavado de la zona afectada, una vez al dia con
perdxido de benzoilo al 6% durante 20 s, lo que disminuye
la resistencia bacteriana considerablemente (1 log después
de una semana de tratamiento y al menos 2 log después de 3
semanas de tratamiento)?°. En nuestro pais, la presentacion
comercial de peroxido de benzoilo al 5% se puede encontrar
en combinacion con antibioticos topicos, lo cual ayuda a los
dermatologos a tener una buena respuesta terapéutica en
los pacientes.

Observamos que existen pocos estudios que hubieran rea-
lizado cultivos de P. acnes, y los disponibles tenian un grado
de evidencia llIB, por lo que es imperativo realizar estudios
clinico-microbiologicos con mayor rigor y evidencia cienti-
fica para una enfermedad de la piel de alta prevalencia como
el acné vulgar.

Los indices de resistencia observados en los estudios pue-
den ser menores, cuando se utilizan esquemas cortos de
antibioticos y con la combinacion con perdxido de ben-
zoilo.

En conclusion, se ha encontrado una tendencia hacia la
resistencia bacteriana de P acnes en pacientes con acne
vulgaris. La monoterapia con clindamicina y eritromicina no
debe ser la base para el tratamiento de esta afeccion; estos
antibiodticos tdpicos se pueden utilizar en casos muy selec-
tos, por periodos cortos, y siempre deben combinarse con
perdéxido de benzoilo para reducir, desinflamar y evitar la
resistencia bacteriana de P. acnes en los pacientes con acne
vulgaris.

Recomendamos que los clinicos se basen en la evidencia
encontrada en este metaanalisis para poder elegir el mejor

tratamiento y, a su vez, obtener los mejores resultados en
los pacientes con acne vulgaris.

Conflicto de intereses

Los autores declaran no tener ningn conflicto de intereses.

Bibliografia

1. Bhate K, Williams HC. Epidemiology of acne vulgaris. Br J Der-
matol. 2013;168:474-85.

2. Gamble R, Dunn J, Dawson A, Petersen B, MclLaughlin L,
Small A, et al. Topical antimicrobial treatment of acne vul-
garis. An evidence-based review article. Am J Clin Dermatol.
2012;13:141-52.

3. Kaminsky A. Acné. Un enfoque global. 1.2 ed. Buenos Aires:
Colegio Ibero-Latinoamericano de Dermatologia; 2007. p. 181.
Cap. 14.

4. Thiboutot D, Dreno B, Gollnick H, Bettoli V, Kang S, Leyden JJ,
et al. A call to limit antibiotic use in acne. J Drugs Dermatol.
2013;12:1331-2.

5. Hassanzadeh P, Bahmani M, Mehrabani D. Bacterial resistance to
antibiotics in acne vulgaris: Anin vitro study. Indian J Dermatol.
2008;53:122-4.

6. Alexeyev OA, Jahns AC. Sampling and detection of skin Pro-
pionibacterium acnes: Current status. Anaerobe. 2012;18:
479-83.

7. Gonzalez R, Welsh O, Ocampo J, Hinojosa-Robles RM,
Vera-Cabrera L, Delaney ML, et al. In vitro antimicrobial suscep-
tibility of Propionibacterium acnes isolated from acne patients
in northern Mexico. Int J Dermatol. 2010;49:1003-7.

8. Moon SH, Roh HS, Kim YH, Kim JE, Ko JY, Ro YS. Antibiotic resis-
tance of microbial strains isolated from Korean acne patients.
J Dermatol. 2012;39:833-7.

9. Ishida N, Nakaminami H, Noguchi N, Kurokawa I, Nishijima S,
Sasatsu M. Antimicrobial susceptibilities of Propionibacterium
acnes isolated from patients with acne vulgaris. Microbiol Immu-
nol. 2008;52:621-4.

10. Luk NM, Hui M, Lee HC, Fu LH, Liu ZH, Lam LY, et al. Antibiotic-
resistant Propionibacterium acnes among acne patients in a
regional skin centre in Hong Kong. J Eur Acad Dermatol Vene-
reol. 2013;27:31-6.

11. Dumont-Wallon G, Moyse D, Blouin E, Dréno B. Bacterial
resistance in French acne patients. Int J Dermatol. 2010;49:
283-8.

12. Schafer F, Fich F, Lam M, Garate C, Wozniak A, Garcia P.
Antimicrobial susceptibility and genetic characteristics of Pro-
pionibacterium acnes isolated from patients with acne. Int J
Dermatol. 2013;52:418-25.

13. Oprica C, Emtestam L, Lapins J, Borglund E, Nyberg F, Stenlund
K, et al. Antibiotic-resistant Propionibacterium acnes on the
skin of patients with moderate to severe acne in Stockholm.
Anaerobe. 2004;10:155-64.

14. Gibelin W, Martinez MA, Molina MT, Zapata S, Valenzuela
ME. Antimicrobial susceptibility of strains of Propionibacterium
acnes isolated from inflammatory acne. Rev Latinoam Microbiol.
2006;48:14-6.

15. Tan HH, Tan AW, Barkham T, Yan XY, Zhu M. Community-based
study of acne vulgaris in adolescents in Singapore. Br J Derma-
tol. 2007;157:547-51.

16. Zandi S, Vares B, Abdollahi H. Determination of microbial agents
of acne vulgaris and Propionibacterium acnes antibiotic resis-
tance in patients referred to dermatology clinics in Kerman,
Iran, 2008. Jundishapur J Microbiol. 2011;4:17-22.


http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0105
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0105
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0105
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0105
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0105
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0105
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0105
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0105
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0105
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0105
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0105
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0105
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0105
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0105
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0105
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0105
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0105
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0105
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0110
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0110
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0110
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0110
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0110
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0110
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0110
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0110
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0110
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0110
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0110
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0110
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0110
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0110
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0110
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0110
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0110
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0110
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0110
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0110
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0110
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0110
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0110
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0110
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0110
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0110
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0110
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0110
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0110
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0110
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0110
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0110
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0110
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0110
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0110
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0110
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0115
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0115
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0115
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0115
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0115
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0115
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0115
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0115
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0115
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0115
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0115
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0115
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0115
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0115
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0115
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0115
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0115
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0115
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0115
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0115
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0115
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0115
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0120
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0120
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0120
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0120
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0120
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0120
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0120
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0120
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0120
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0120
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0120
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0120
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0120
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0120
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0120
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0120
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0120
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0120
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0120
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0120
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0120
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0120
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0120
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0120
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0120
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0120
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0120
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0120
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0120
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0120
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0120
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0125
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0125
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0125
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0125
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0125
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0125
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0125
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0125
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0125
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0125
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0125
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0125
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0125
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0125
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0125
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0125
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0125
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0125
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0125
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0125
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0125
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0125
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0125
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0125
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0125
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0125
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0125
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0130
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0130
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0130
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0130
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0130
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0130
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0130
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0130
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0130
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0130
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0130
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0130
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0130
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0130
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0130
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0130
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0130
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0130
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0130
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0130
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0130
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0135
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0135
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0135
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0135
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0135
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0135
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0135
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0135
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0135
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0135
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0135
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0135
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0135
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0135
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0135
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0135
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0135
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0135
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0135
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0135
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0135
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0135
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0135
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0135
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0135
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0135
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0135
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0135
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0135
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0135
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0135
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0135
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0135
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0135
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0135
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0135
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0135
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0135
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0135
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0135
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0140
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0140
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0140
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0140
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0140
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0140
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0140
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0140
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0140
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0140
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0140
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0140
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0140
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0140
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0140
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0140
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0140
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0140
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0140
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0140
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0140
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0140
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0140
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0140
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0140
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0140
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0140
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0140
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0140
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0140
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0140
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0140
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0140
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0140
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0140
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0140
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0140
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0145
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0145
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0145
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0145
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0145
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0145
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0145
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0145
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0145
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0145
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0145
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0145
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0145
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0145
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0145
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0145
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0145
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0145
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0145
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0145
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0145
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0145
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0145
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0145
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0145
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0145
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0145
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0145
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0145
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0145
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0145
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0145
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0150
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0155
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0155
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0155
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0155
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0155
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0155
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0155
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0155
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0155
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0155
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0155
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0155
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0155
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0155
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0155
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0155
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0155
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0155
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0155
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0155
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0155
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0155
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0155
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0155
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0160
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0160
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0160
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0160
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0160
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0160
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0160
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0160
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0160
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0160
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0160
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0160
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0160
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0160
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0160
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0160
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0160
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0160
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0160
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0160
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0160
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0160
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0160
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0160
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0160
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0160
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0160
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0160
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0160
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0160
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0160
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0160
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0160
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0160
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0160
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0160
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0160
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0160
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0165
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0165
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0165
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0165
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0165
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0165
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0165
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0165
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0165
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0165
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0165
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0165
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0165
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0165
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0165
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0165
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0165
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0165
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0165
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0165
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0165
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0165
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0165
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0165
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0165
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0165
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0165
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0165
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0165
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0165
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0165
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0165
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0165
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0165
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0165
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0165
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0170
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0170
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0170
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0170
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0170
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0170
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0170
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0170
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0170
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0170
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0170
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0170
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0170
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0170
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0170
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0170
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0170
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0170
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0170
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0170
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0170
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0170
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0170
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0170
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0170
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0170
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0170
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0170
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0170
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0170
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0170
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0170
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0170
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0175
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0175
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0175
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0175
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0175
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0175
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0175
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0175
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0175
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0175
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0175
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0175
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0175
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0175
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0175
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0175
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0175
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0175
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0175
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0175
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0175
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0175
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0175
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0175
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0175
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0175
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0175
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0175
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0175
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0175
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0175
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0175
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0175
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0175
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0175
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0180
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0180
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0180
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0180
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0180
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0180
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0180
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0180
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0180
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0180
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0180
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0180
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0180
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0180
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0180
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0180
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0180
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0180
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0180
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0180
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0180
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0180
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0180
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0180
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0180
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0180
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0180
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0180
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0180
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0180
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0180
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0180
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0180
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0180
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0180
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0180
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0180
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0180
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0180

;Resistencia en el acné? Un metaanalisis

195

17.

18.

Song M, Seo SH, Ko HC, Oh CK, Kwon KS, Chang CL, et al. Anti-
biotic susceptibility of Propionibacterium acnes isolated from
acne vulgaris in Korea. J Dermatol. 2011;38:667-73.

Mendoza N, Hernandez PO, Tyring SK, Haitz K, Motta A. Antimi-
crobial susceptibility of Propionibacterium acnes isolates from
acne patients in Colombia. Int J Dermatol. 2013;52:688-92.

19. Ergin C, Ergin S, Kaleli I, Kacar N, Sengiil M, Erdogan BS. Nasal
antibiotic-resistant Propionibacterium acnes carriage in acne
vulgaris patients in Turkey. J Dermatol. 2006;33:899-901.

20. Leyden JJ, Wortzman M, Baldwin EK. Antibiotic-resistant
Propionibacterium acnes suppressed by a benzoyl peroxide
cleanser 6%. Cutis. 2008;82:417-21.


http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0185
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0185
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0185
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0185
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0185
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0185
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0185
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0185
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0185
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0185
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0185
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0185
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0185
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0185
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0185
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0185
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0185
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0185
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0185
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0185
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0185
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0185
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0185
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0185
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0185
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0185
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0185
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0185
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0185
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0185
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0185
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0185
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0185
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0185
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0185
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0185
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0190
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0190
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0190
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0190
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0190
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0190
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0190
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0190
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0190
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0190
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0190
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0190
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0190
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0190
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0190
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0190
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0190
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0190
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0190
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0190
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0190
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0190
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0190
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0190
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0190
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0190
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0190
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0190
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0190
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0190
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0190
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0195
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0195
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0195
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0195
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0195
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0195
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0195
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0195
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0195
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0195
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0195
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0195
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0195
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0195
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0195
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0195
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0195
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0195
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0195
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0195
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0195
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0195
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0195
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0195
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0195
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0195
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0195
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0195
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0195
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0195
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0195
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0195
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0195
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0195
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0195
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0195
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0195
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0200
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0200
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0200
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0200
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0200
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0200
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0200
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0200
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0200
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0200
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0200
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0200
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0200
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0200
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0200
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0200
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0200
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0200
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0200
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0200
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0200
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0200
http://refhub.elsevier.com/S0009-7411(15)00236-4/sbref0200

	¿Resistencia en el acné? Un metaanálisis a propósito de la controversia
	Antecedentes
	Material y métodos
	Estrategia de búsqueda
	Selección de estudios
	Análisis microbiológico
	Extracción de datos
	Análisis estadístico

	Resultados
	Discusión
	Conflicto de intereses
	Bibliografía


