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Resumen

Enterococcus faecium se trata de un microorganismo comensal con
capacidad para provocar infecciones como bacteriemia. La
incidencia en la bacteriemia por este microorganismo se ha
incrementado durante los ultimos afos, presentando una elevada
mortalidad. Sin embargo, a pesar de estos datos no existe evidencia

suficiente que avale la eleccién del tratamiento mas apropiado.

El objetivo principal de esta tesis, elaborada por compendio de
publicaciones, consiste en estudiar la efectividad y seguridad de los
diferentes tratamientos antibiéticos disponibles (vancomicina,
linezolid y daptomicina) en el tratamiento de la bacteriemia por E.

faecium sensible a la vancomicina.

En el primer trabajo se observé que linezolid podria ser una
alternativa efectiva y segura a vancomicina en el tratamiento de esta
entidad.

En el segundo trabajo daptomicina present6 un mayor riesgo de
fracaso terapéutico en comparaciéon con vancomicina, por lo que

deberia ser utilizado con precaucién y una estricta monitorizacion.

Finalmente, son necesarios ensayos clinicos que confirmen lo
observado en estos estudios observacionales. Hasta disponer de
esa evidencia, linezolid podria considerarse una alternativa a
vancomicina, mientras que daptomicina deberia ser utilizado como

farmaco de segunda linea.
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Abstract

Enterococcus faecium is a commensal microorganism with the
ability to cause infections as bacteraemia. The incidence in the
bacteraemia of this microorganism has increased in recent years,
showing a high mortality. Despite these data, there is a lack of

evidence to support the choice of the most appropriate treatment.

The main objective of this thesis, presented as a compendium of
publications, is to study the effectiveness and safety of the different
antibiotic treatments (vancomycin, linezolid and daptomycin) in the
treatment of the bacteraemia caused by vancomycin susceptible E.

faecium.

In the first study, linezolid appeared as an effective and safe

alternative to vancomycin.

In the second, daptomycin presented a higher risk of therapeutic
failure compared to vancomycin, so it should be used with caution

and strict monitoring.

Finally, randomised clinical trials are necessary to confirm what has
been observed in these observational studies. Until this evidence is
available, linezolid could be considered an alternative to
vancomycin, while daptomycin should be used as a second-line

therapy.
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Introduccion

1 INTRODUCCION

1.1 Enterococcus faecium

El termino enterococo proviene del griego Enteron y coccus (1). En
los ultimos anos, este microorganismo se ha erigido como uno de
los que presentan una mayor incidencia de infecciones en el medio
hospitalario (2). Su extraordinaria capacidad de adaptacion a
ambientes hostiles, su resistencia antibidtica tanto intrinseca como
adquirida y su genoma maleable han contribuido a la conversion de
una bacteria considerada de segunda linea a un problema clinico de
primer nivel (2). Estas caracteristicas, unidas a la dificultad de su
tratamiento, han hecho que este microorganismo haya sido incluido
dentro del grupo ESKAPE (E. faecium, Staphylococcus aureus,
Klebsiella pneumoniae, Acinetobacter baumanii, Pseudomonas
aeruginosa y Enterobacter spp.), mientras que aquellas cepas
resistentes a vancomicina estan incluidas en el grupo 2 de la lista

prioritaria de la Organizacion Mundial de la Salud (3-5).
1.1.1 Microbiologia

Los enterococos son microorganismos Gram-positivos oxidasa y
catalasa negativos, muy versatiles y que pertenecen al filo
Firmicutes (2,6,7). El género Enterococcus spp. presenta una gran
capacidad para sobrevivir en medios hostiles, incluyendo alto
contenido en NaCl (6,5%), fluctuaciones de temperatura (10-45°C),
presencia de sales biliares y un amplio rango de pH (4,5-10)(2,6,7).
Pueden sobrevivir a temperaturas de hasta 80°C y presentan una
tolerancia variable a concentraciones subclinicas de alcohol y
clorhexidina (7). A pesar de ser inicialmente considerados como
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microorganismos comensales, tienen la capacidad de ocasionar

infecciones en el ser humano (6).

Estas bacterias fueron inicialmente clasificadas dentro del grupo D
del

morfolégicas como bioquimicas (6). Actualmente, existen 59

género Streptococcus, debido a sus similitudes tanto

especies de Enterococcus validadas (Tabla 1)(1).

Tabla 1. Resumen de todas las especies de enterococos identificadas (1).

diestrammenae

. dispar

E. malodoratus

E. moraviensis

E. silesiacus

E. songbeiensis

E. alcenidis E. durans E. nangangensis E. termitis

E. aquimarinus E. eurekensis E. olivae E. thailandicus

E. asini E. faecalis E. pallens E. ureasiticus

E. avium E. faecium E. phoeniculicola E. ureilyticus

E. bulliens E. florum E. pingfangensis E. viikkiensis

E. caccae E. gallinarum E. plantarum E. villorum

E. camelliae E. gilvus E. pseudoavium E. wangshanyuanii
E. canintestini E. haemoperoxidus E. quebecensis E. xiangfangensis
E. canis E. hermanniensis E. raffinosus

E. casseliflavus E. hirae E. ratti

E. cecorum E. hulanensis E. rivorum

E. columbae E. italicus E. rotai

E. crotali E. lactis E. saccharolyticus

E. devriesei E. lemanii E. saigonensis

E.

E

E.

dongliensis

E. mundtii

E. sulfureus

En el género Enterococcus existen dos especies que son
predominantes: E. faecalis y E. faecium (6). A diferencia de otros
enterococos, estos dos han sido capaces de sobrevivir en el medio

hospitalario (8).

Dentro de E. faecium, se distinguen dos tipos de poblaciones: “linaje
A” y “linaje B” (8). Inicialmente dentro del linaje B se agrupaban la
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mayoria de aislamientos comunitarios que actian como cepas
comensales, mientras que los aislamientos nosocomiales con
potencial patogénico se agrupaban dentro de linaje A (7-9). El linaje
A se divide a su vez en dos subpoblaciones: A1 (cepas aisladas en
humanos, sobre todo en hospitales) y A2 (cepas aisladas en

animales y en el ambiente extrahospitalario)(6).

Los E. faecium pertenecientes a A1 presentan diferencias notables
respecto a A2 y B, ya que presentan un mayor tamano del
cromosoma, numero de factores de virulencia y genes de resistencia
antibidtica (3,8).

Los principales factores de virulencia incluyen la adhesion de los
factores a las superficies (Acm, Scm, EcbA y Fms15), la secrecion
de factores de virulencia (hemolisina-citolisinas, gelatinasas o
hialuronidasas) y los sistemas de fosfotransferasa (8). Estos
factores facilitan la adhesion, una mayor carga bacteriana durante
la colonizacion, la producciéon de biofilm y la patogénesis (3). En
cuanto a la resistencia antibidtica, las A1 presentan una mayor

resistencia a ampicilina (10).

Por todos estos motivos, A1 es predominante en el hospital y la
responsable del incremento y expansion de las infecciones por E.
faecium en el mundo (8). En Espania, el perfil mas habitual es el de
E. faecium resistente a ampicilina y sensible a vancomicina
(EfRASV).
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1.1.2 Colonizacién del tracto gastrointestinal e

invasion

Los enterococos colonizan el tracto gastrointestinal, la cavidad oral
y el tracto genital (11). En el tracto gastrointestinal de los seres
humanos suponen aproximadamente el 1% de la microbiota (108-
107 unidades formadoras de colonias o UFC/g de heces)(3), siendo
la mayor parte E. faecalis (10%-107 UFC/g de heces), seguido de E.
faecium (10*-10% UFC/g de heces)(11).

E. faecium presenta la capacidad de resistir los mecanismos de
defensa presentes en el tracto gastrointestinal y, en determinadas

condiciones, provocar la infeccion (12).

En situacion de homeostasis, los enterococos se encuentran en
equilibrio con el resto de las bacterias que forman la microbiota
intestinal. Este equilibrio se basa en la presencia de
microorganismos anaerobios del género Firmicutes y Bacteroidetes
que sobreviven gracias al metabolismo de los carbohidratos de la
dieta del huésped por lo que controlan y equilibran la presencia de
otra flora potencialmente patdgena (12). Sin embargo, la restriccion
en la dieta (situacion potencial en pacientes criticos u
hospitalizados) hace que la microbiota utilice la capa de mucina
como una fuente de carbohidratos, lo que ocasiona una disminucién
de la barrera de proteccion a ese nivel y la dilatacién de las uniones
adherentes (11,12). Todo ello facilita la translocacién de E. faecium

y la invasion tisular (11,12).

Ademas, en esta localizacion el sistema inmunitario esta modulado

por el sistema linfatico intestinal, principalmente mediante la sintesis
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de inmunoglobulina A secretora (11). En pacientes con alteraciones
de la inmunidad, la disminucion de la sintesis de esta
inmunoglobulina podria también contribuir a la colonizacion e

infeccion por E. faecium (11).

Por ultimo, modelos animales han determinado que la presencia de
lipopolisacaridos y flagelina de los microorganismos Gram-
negativos estimula la producciéon de la regenerating gene family
protein Il (REGIII) y por las células de Paneth (2). Esta sustancia
presenta actividad frente a los Gram-positivos regulando la
presencia de éstos (2). El empleo de antibiéticos como
piperacilina/tazobactam, amoxicilina/clavulanico o cefalosporinas
facilita la deplecion de Gram-negativos y anaerobios, disminuyendo
la produccion de REGIIl, lo que contribuye a la seleccién vy
crecimiento de los enterococos (2,7).

En definitiva, las alteraciones descritas pueden modificar la
microbiota y la permeabilidad del intestino, facilitando Ila
colonizacién por cepas infectivas de tipo A1 nosocomiales (2,11,13).
Este sobrecrecimiento precede a la posterior translocacion

bacteriana, invasion de los tejidos y finalmente la infeccion (11,13).

1.2 Resistencias antimicrobianas

E. faecium presenta una elevada resistencia antibiotica (Tabla 2),

debida a los siguientes factores (14):

e Laresistencia intrinseca a numerosos antibioticos (7).
e La capacidad de adquirir y diseminar genes de resistencia
antibidtica mediante elementos genéticos moviles como

plasmidos o transposones (14,15). Este hecho es
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probablemente debido a su ADN hipermutable, ya que hasta
el 26% de su genoma puede estar compuesto por elementos

recombinantes (7).

Tabla 2. Principales mecanismos de resistencia de Enterococcus faecium.
Adaptado de Cattoir V, Giard JC. Antibiotic resistance in Enterococcus faecium
clinical isolates. Expert Review of Anti-Infective Therapy. 2014;12(2):239-248 (16).
Prevalencia

Antibiéticos Mecanismo de resistencia de

resistencia

Resistencia intrinseca

e Baja afinidad a betalactamicos: Hiperproduccion/
mutacién de PBP5 y/o presencia de PBPA(2b)
Cefalosporinas -
o Sistemas de respuesta al estrés: CroRS2, IreK,

IreP y MurAA

Aminoglucésidos

(bajo nivel) o Baja penetracion intracelular =

e Inactivacién enzimatica: AAC (6’)-li, ANT (4)-la

Tobramicina
. o Metilacién ribosomal: EfmM, metiltransferasa del -
(nivel moderado) 16S rARN
Trimetoprima/

o Captacion de folatos del ambiente -
sulfametoxazol
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Antibiéticos Mecanismo de resistencia
resistencia

Resistencia adquirida

* Baja afinidad a betalactamicos:

. Hiperproduccion/mutacién de PBP5

Ampicilina 85,5% (17)

o Hidrdlisis del betalactamico: Produccién de
betalactamasas en infecciones de alto inéculo

Gentamicina

(alto nivel) e [nactivacion enzimatica: AAC (6’)-le-APH (2”)-la 23,4% (17)
. ¢ Reduccién de la union al lugar de accion:
Estreptomicina alteracion en la proteina ribosomal S12 50-60% (17)
(alto nivel)

e Inactivacion enzimatica: ANT (3”)-la o ANT (6’)-la

e Reduccion de la unién al lugar de accion:
Glucopéptidos Modificacion de precursores de sintesis de 1,2% (17)
peptidoglucano (vanA, vanB)

e Reduccion de la unién al lugar de accion:
Modificacién de precursores de sintesis de <2%
peptidoglucano (vanA, vanZ), modificaciones en (18,19)
pared celular: LiaFSR

Lipoglucopéptidos

e Repulsion y disminucién de la union del
antibiético: Modificaciones en pared celular:

Daptomicina LiaFSR, YycFG2, YxdJK (12 %’?1)
o Modificaciones en componentes de los fosfolipidos
de la membrana: GpdD, cls
e Reduccion de la unién al lugar de accion:
o Mutacién en el ribosoma 23S rARN
Oxazolidinonas o Metilacién de rARN 23S por genes 1,8% (20)

transmisibles cffr,

e OptrA y poxtA: Transportador ABC/proteccion
ribosoma

e Reduccién de la unién al lugar de accioén: tet(M),
Tetraciclinas tet(0) o tet(S) 30-40% (21)
e Bombas de eflujo: tet(K) y tet(L)

Glicilciclinas e Combinacién de mecanismos: Modificacion de la

(tigeciclina/ subunidad ribosomal 30S por mutaciones en rpsJ 0,2-0,4%
eravaciclina/ + tet(M) + tet(L) y tet(M)+tet(S) (21,22)
omadaciclina) e Presencia de tet(L) y tet(M)

e Mutaciones en las subunidades A de:
o Topoisomerasa IV: parC 53 -80%
o ADN girasa: gyrA (21)

e Bombas de eflujo: NorA

Fluoroquinolonas

ADN: Acido desoxirribonucleico; ARN: Acido ribonucleico PBP: Penicillin binding protein.
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A continuacién, se describen las resistencias de E. faecium a las

principales familias de antibioticos:

1.2.1 Betalactamicos

A diferencia de E. faecalis (2,9%), en el afio 2020 hasta un 85,5%
de los aislamientos de E. faecium en Espafa presentaron
resistencia a ampicilina (7,17). Estos datos son muy similares a los
observados en el resto de Europa (75-100%)(17). En la Figura 1 se
presenta la evolucién de la resistencia a ampicilina de E. faecium en
Espafia.

Figura 1. Evolucion de la resistencia a ampicilina en los aislamientos de
Enterococcus faecium en Espafia (2001-2020). Figura adaptada del Surveillance

Atlas of Infectious Diseases, disponible en
https://atlas.ecdc.europa.eu/public/index.aspx?Dataset=27 &HealthTopic=4.
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A pesar de que desde 2018 la tendencia es descendente, la
evolucion tras el afio 2001 muestra un importante incremento del
36,3%.

El mecanismo de resistencia predominante es la modificacién de las
penicillin binding protein (PBP)(12,16,23). Este hecho se traduce en

una disminucion de la afinidad de los betalactamicos y un aumento


https://atlas.ecdc.europa.eu/public/index.aspx?Dataset=27&HealthTopic=4
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de la tolerancia, con una actividad bactericida minima a pesar de

concentraciones muy superiores a la CMI (6,7).

Otros mecanismos incluyen la mutacion de otras PBP, la presencia
de CroRS o Ldtm o0 la sintesis de betalactamasas tras la adquisicion
del gen blaZ (7,15,16,24,25).

1.2.2 Aminoglucésidos

E. faecium presenta una resistencia intrinseca de bajo nivel a la
mayoria de los aminoglucdsidos, debida a su pobre penetracion
intracelular (6,23). Aunque el mecanismo es incierto, el metabolismo
facultativo anaerobio de los enterococos impediria el transporte de
aminoglucésidos al interior de la célula, que se produce mediante
un transportador dependiente de oxigeno (26). En este contexto, la
combinacion de antibidticos que inhiben la sintesis de la pared
celular y los aminoglucésidos ha demostrado presentar sinergia, ya
que los primeros facilitan la penetracion de los aminoglucésidos al

interior de la célula (7,16,23).

Otros mecanismos de resistencia incluyen la capacidad de inactivar
los aminoglucésidos mediante adquisicion y/o expresidn de enzimas
modificadoras como nucleotidiltransferasas (gen ant(4’)-la),
acetiltransferasas (gen aac(6’)-le) y fosfotransferasas (genes
aph(2”)-lc, aph(2”)-Ib 'y aph(2”)-1d)(6,7,12,14,23). Dado que
gentamicina y estreptomicina son los mas estables, han sido los
mas habitualmente empleados en la practica clinica (12,16). En
estos casos las CMI de gentamicina oscilan entre 4-64 mg/L y de

estreptomicina entre 16 y 256 mg/L (23).
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La unica presencia de acetiltransferasas condiciona una moderada
resistencia, probablemente debido a su baja velocidad de accién
enzimatica (7). Sin embargo, cuando se adquieren multiples
enzimas se puede producir la resistencia de alto nivel, lo que

aumenta las CMI e impide su utilizacién en combinacion (23).
1.2.3 Glucopéptidos

A diferencia de otros paises como Estados Unidos (con incidencias
de hasta el 80%), en Espana la resistencia a vancomicina es baja
(1,2% en 2020)(16,17). En la Figura 2 se expone la evolucion de la
resistencia a vancomicina de los aislamientos de E. faecium en
Espafia.

Figura 2. Evolucion de la resistencia a vancomicina en los aislamientos de
Enterococcus faecium en Espafia (2001-2020). Figura adaptada del Surveillance

Atlas of Infectious Diseases, disponible en
https://atlas.ecdc.europa.eu/public/index.aspx?Dataset=27 &HealthTopic=4.
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La prevalencia es relativamente baja con una tendencia

descendente.

En Europa, la prevalencia de resistencia a vancomicina es mas

variable, tal y como se muestra en la Figura 3.
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Figura 3. Porcentaje de Enterococcus faecium resistentes a vancomicina en
Europa (2019). Figura adaptada de European Centre for Disease Prevention and
Control. Antimicrobial resistance in the EU/EEA (EARS-Net) - Annual
Epidemiological Report 2019. Stockholm: ECDC; 2020 (27).
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La resistencia a vancomicina es debida a las modificaciones en los
precursores de la sintesis del peptidoglucano por diversos

operones: vanA, vanB, vanD, vanM y vanN (12,14,16).

VanA, vanB y vanM presentan mayor significado clinico ya que
generan resistencia intermedia/alta al glucopéptido, mientras que el
resto de genes confieren baja resistencia y/o no son transferibles
por lo que su impacto clinico es menor (7). El mecanismo de
resistencia en los primeros deriva de la modificacion del residuo
Lipid Il de D-Alanina(D-Ala)-D-Ala por D-Ala-D-Lactato (D-Lac) del
peptidoglicano (6,7,14,16).

El operon vanA es el principal gen implicado en la resistencia a
vancomicina en Europa y Estados Unidos (7,14). Este operdn
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codifica resistencia de alto nivel a otros glucopéptidos como

teicoplanina (28-30).

Por su parte, la presencia de vanB no genera resistencia a
teicoplanina ni tampoco la presencia de este antibidtico es capaz de
inducirla (16,23). Sin embargo, su uso se asocia a fallos de
tratamiento derivados de la aparicion de cepas con produccion
constitutiva (6,23).

Es importante destacar que otros antibiéticos con menor tiempo en
el mercado como linezolid, daptomicina o tigeciclina han
demostrado haber generado resistencias mas rapido de lo que hizo
vancomicina, por lo que vancomicina podria ser un antibidtico mas
estable (24,28).

1.2.4 Lipoglucopéptidos (dalbavancina, oritavancina)

El operdén vanA ocasiona resistencia a dalbavancina, mientras que
oritavancina mantiene la actividad (30). Por el contrario, en el caso
de oritavancina, los posibles mecanismos no se conocen bien,
aunque podrian corresponder a la sobreexpresion de vanA o
expresion de vanZ (12). Por ultimo, estudios in vitro demostraron la
existencia de resistencia cruzada entre daptomicina y oritavancina
(12). Tras el tratamiento con daptomicina a dosis de 12 mg/kg, se
produjo un aumento en la CMI de oritavancina, mediado por
cambios en el LiaFSR y en un gen transportador de resistencia a
bacitracina (12).
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1.2.5 Daptomicina

La resistencia a daptomicina es poco comun en nuestro medio,
siendo mas habitual el desarrollo de resistencia durante el
tratamiento  (16,31). Esta resistencia puede desarrollarse
rapidamente (incluso con duraciones menores de 10 dias),
especialmente en pacientes que reciben una dosis baja (< 10
mg/kg/dia), tienen patologias relacionadas con la homeostasis del
calcio o insuficiencia renal crénica (16,31). EI mecanismo de

resistencia es debido a dos tipos de mutaciones (12):

1. Cambios en componentes de sefalizacion que activan la
respuesta de la membrana celular al estrés (induciendo
tolerancia al antibidtico incluso a concentraciones 5 veces la
CMI)(12).

2. Modificacion de enzimas relevantes en el metabolismo de

los fosfolipidos.

Los principales componentes de sefalizacién identificados son
LiaFSR, YycFG2 e YxdJK(12). El sistema LiaFSR regula de manera
habitual la respuesta de la membrana celular al estrés, y es el
principal implicado en la resistencia a daptomicina (16,32). CMI de
3-4 mg/L se asociaron con un mayor riesgo de presentar mutaciones
en este sistema, lo que conllevd a una reduccién del punto de corte
por parte del Clinical & Laboratory Standards Institute
(CLSI)(12,31,33,34).

YycFG2 es el segundo mecanismo implicado en la resistencia a

daptomicina (32).
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La modificacion de enzimas del metabolismo de los fosfolipidos
como GpdD (que codifica una glicerol-fosfodiéster-fosfodiesterasa)
y cls (que codifica una cardiolipinsintasa) también parece provocar

resistencia a daptomicina en E. faecium (16,24,32).

Todos estos cambios y mutaciones provocan cambios en la
membrana celular con aumento de la carga positiva, lo que impide
o dificulta la unién del antibiético a la membrana celular mediante la
repulsion electrostatica, de manera similar a lo observado en S.
aureus (Figura 4)(6,12,24,35).

Figura 4. Mecanismo de resistencia derivado de la repulsién de Enterococcus
faecium frente a daptomicina. Adaptado de Miller W, et al. Expert Review of Anti-
Infective Therapy. 2014;12(10):1221-1236 (24)
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1.2.6 Oxazolidinonas (linezolid y tedizolid)

La resistencia a linezolid puede ser debida a mutaciones

cromosomicas o a la adquisicion de genes de resistencia (16).
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En la primera, se produce una mutaciéon cromosémica en el dominio
V del gen 23S rARN o mediante mutaciones en las proteinas
ribosomales L3, L4 o L22 (6,12,16,36,37). Estas mutaciones
modifican el sitio de unién al antibiético, disminuyendo su afinidad y
aumentando las CMI (12). El incremento en el consumo de linezolid

se ha asociado con un mayor riesgo de resistencia (36).

En cuanto a la adquisicién de genes de resistencia, se incluyen
genes transmisibles como cfr (chloramphenicol-florfenicol
resistance) o cfr(b), optrA (oxazolidinone-phenicol transferable
resistance), o poxtA (phenicol oxazolidinone and tetracycline)(12).
Los genes cfr o cfr(b) codifican una metiltransferasa que metila el
rARN 23S disminuyendo la unién de linezolid al ribosoma (6,12).

Por dltimo, la adquisicion de optrA que codifica el transportador
ABC, también confiere resistencia a las oxazolidinonas (6,12). Al
igual que poxtA, estos genes codifican proteinas analogas a la
subunidad de unidon de adenosina trifosfato (ATP), estando

implicados en la proteccién del ribosoma (12,38).

1.2.7 Tetraciclinas

La resistencia a tetraciclinas es frecuente y es debida a la presencia
de sistemas de protecciéon ribosomal como tet(M), tet(O) o tet(S) y
bombas de eflujo como tet(K) y tet(L)(6,12,16).

En el caso de tigeciclina, eravaciclina y omadaciclina, no se ven
afectados por estos mecanismos de manera independiente (12),
con una prevalencia de resistencia baja en nuestro medio (16). El
principal mecanismo de resistencia es la presencia de mutaciones

en el gen rpsdJ, lo que dificultaria la union al ribosoma (16,20,39).
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1.2.8 Fluoroquinolonas

La resistencia puede ser debida a mutaciones en los genes parCy

gyrAy a la presencia de bombas de eflujo NorA (6,14,16,23).
1.2.9 Trimetoprima/sulfametoxazol

El principal mecanismo de resistencia es debido a |la capacidad de

E. faecium de absorber folatos del ambiente (6,40).

1.3 Bacteriemia por E. faecium

E. faecium puede ocasionar infecciones de diversos tipos:
bacteriemia, endocarditis, infecciones del tracto urinario, infecciones
intraabdominales, endocarditis, infecciones pélvicas, neonatales,
infecciones de piel y partes blandas incluyendo de herida quirurgica
0 en pacientes quemados vy, finalmente, infecciones asociadas a los
catéteres o a cualquier dispositivo médico (2,6). Dentro de ellas, la
bacteriemia es la principal causa de morbimortalidad (7).

1.3.1 Epidemiologia

Dentro de las infecciones por enterococos, histéricamente las
infecciones por E. faecalis siempre habian sido predominantes (80-
90%), en comparacion a las causadas por E. faecium (10-15%)(41).
Sin embargo, a partir de la década de 1980 esta tendencia se esta
invirtiendo, con un aumento significativo de las infecciones por E.
faecium, llegando incluso a reemplazar a E. faecalis (3,42). El
aumento en el consumo antibidtico podria explicar este cambio (41).

De manera similar, la incidencia de bacteriemias por E. faecium esta

aumentando, desplazando a la de E. faecalis (13). Estos datos son
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preocupantes, ya que la bacteriemia por E. faecium presenta una
mayor mortalidad respecto a la de E. faecalis [Odds Ratio (OR) 1,5-
2,6](13,43-45). La causa de esta diferencia no esta aclarada,
aunque la utilizacién de antibiéticos diferentes a los betalactamicos

podria explicarlo, como en el caso de S. aureus (45,46).

El programa SENTRY recogié 264.901 episodios de bacteriemia a
nivel mundial en el periodo 1997-2016 (47). Durante el periodo
1997-2000, los enterococos supusieron el 6,7% del total de
bacteriemias mundiales, 5,0% ocasionadas por E. faecalis y 1,7%
por E. faecium (47). Esta cifra aumenté hasta el 8,4% del total de
bacteriemias en 2013-2016 debido a que la prevalencia de E.
faecium se duplicé (5,0% provocadas por E. faecalis'y 3,4% por E.
faecium)(47).

En Europa estos datos fueron similares, ya que durante el periodo
1997-2000 los enterococos supusieron el 6,1% del total de
bacteriemias (4,6% por E. faecalis, 1,5% por E. faecium), mientras
que en el periodo 2013-2016 la prevalencia global aumenté al 9,4%,
principalmente debido al incremento de 2,6 veces de las infecciones
por E. faecium (5,4% por E. faecalis, 4,0% por E. faecium)(47). Otro
estudio europeo demostrd que la incidencia de la bacteriemia por E.
faecium presenté un incremento anual del 19,3% (95% intervalo de
confianza, IC, 18,3-20,3), mientras que E. faecalis aumento un 8,7%
(95% IC 8,2-9,3)(42).

En Espafa, la prevalencia de la bacteriemia por enterococos
también estda en aumento. En el ultimo informe del Estudio de
Prevalencia de las Infecciones Nosocomiales en Espafia (EPINE)

de 2019 las bacteriemias por enterococos actualmente suponen el
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9,5% del total de bacteriemias, con un 5,4% provocadas por E.

faecalis y 3,8% por E. faecium (48).

En el caso de las Unidades de Cuidados Intensivos (UCI), el Estudio
Nacional de Vigilancia de Infeccién Nosocomial en Servicios de
Medicina Intensiva (ENVIN) muestra resultados similares. En 2010,
las bacteriemias por E. faecium representaban el 5,9% del total de
bacteriemias secundarias a otros focos, mientras que en el 2019 la
prevalencia fue de 7,8% (49,50). En el caso de E. faecalis, se redujo
de 5,6% a 2,3% (49,50). En el ano 2020, se observd un aumento
significativo de la bacteriemia por enterococos en la UCI,
probablemente debido a las consecuencias de la pandemia de
COVID-19 (51,52). El uso indiscriminado de cefalosporinas de
tercera generacion, el aumento en la incidencia de bacteriemias de
catéter y de infecciones asociadas a catéteres urinarios o el empleo
de terapias inmunosupresoras para el tratamiento de la COVID-19,

entre otros factores, podrian explicar esta observacion (53).

Diversas razones explican este aumento de la prevalencia. Por un
lado, la capacidad de supervivencia y resistencia antibiotica de E.
faecium le otorgan una importante ventaja selectiva (2). Por otro
lado, el aumento en el numero de pacientes con factores de riesgo,
asi como del consumo antibiético, predisponen al desarrollo de la

infeccion (2).
1.3.2 Factores de riesgo

Los factores de riesgo de la bacteriemia por EfRASV incluyen la
presencia de comorbilidades (diabetes, edad avanzada,

inmunosupresion, la enfermedad hepatica y/o genitourinaria
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incluyendo infecciones de tracto urinario previas, neutropenia o
mucositis), el ingreso en la UCI o unidades quirdrgicas, la ventilacién
mecanica, la utilizacion de antibioticoterapia de amplio espectro
(penicilinas, cefalosporinas de tercera generacién o carbapenems,
cotrimoxazol y fluoroquinolonas), la estancia hospitalaria
prolongada, la hospitalizacion previa, el ingreso en centros
sociosanitarios, el sexo vardon vy, finalmente, la utilizacion de

catéteres urinarios o vasculares (2,7,13,43,54-58).

1.3.3 Mortalidad

La mortalidad asociada sigue siendo muy elevada, aunque es
discutible si la mortalidad es atribuible al E. faecium per se o es un
marcador de la gravedad de las comorbilidades previas (59-62). En
el caso de EfRASV, la mortalidad descrita a los siete dias es del
13% (61,63), mientras que a los treinta dias oscila entre el 20-42,1%
(43-45,56-58,61,63-69). Las bacteriemias provocadas por E.
faecium resistentes a vancomicina presentan una mortalidad
superior (OR 2,52; 95% IC 1,9-3,4), probablemente debido a

alternativas terapéuticas menos eficaces (65,66,70).

En pacientes con bacteriemia por EfRASV, los principales factores
de riesgo asociados a la mortalidad fueron la gravedad y las
comorbilidades (56,63). Entre estos factores se incluyen la
intubaciéon, APACHE Il elevado (>8), PITT elevado, la bacteriemia
primaria, las comorbilidades (mayor indice de Charlson, edad
avanzada, cancer, cirrosis, inmunosuprimidos y/o la insuficiencia

renal) o el tratamiento empirico inadecuado (54,56,61,63—65).
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El retraso en la terapia empirica adecuada y su impacto en la
mortalidad es incierto (44,60,61,70,71). Un estudio que incluyé 296
pacientes con bacteriemias por E. faecalis y E. faecium sensibles a
vancomicina demostré6 que la terapia adecuada presentaba un
menor riesgo de mortalidad (OR 0,33; 95% IC 0,14-0,79)(44). Otro
trabajo con 167 bacteriemias por enterococos, principalmente E.
faecium, también demostrd que el tratamiento empirico adecuado
se relacionaba con un menor riesgo de mortalidad a los 7 y 30 dias
(63). En el caso de resistencia a vancomicina, el retraso de 48,1
horas en la administracién de terapia antibiética adecuada se asoci6
con un riesgo tres veces mayor de mortalidad a los 30 dias, mientras
que en pacientes con PITT score = 4, el punto de corte se establecio
en 22 horas (70). Otros estudios, en cambio, no encontraron
diferencias significativas incluso en pacientes ingresados con
cancer (45,61,67).

Los principales focos de bacteriemia por EfRASV son el
intraabdominal (21-42%), el primario (10-39,9%), el asociado al
catéter intravenoso (7-30%) o el urinario (5-
25,3%)(43,45,54,57,58,63,65). La bacteriemia polimicrobiana es
frecuente, principalmente por Enterobacterales y Staphylococcus
spp. (12-60%)(43,44,57,58,63—65,67). La infeccién polimicrobiana
no se ha asociado con un incremento en el riesgo de mortalidad,
probablemente debido al tratamiento adecuado de estos
microorganismos (57). A diferencia de E. faecalis y E. faecium
resistente a vancomicina, la bacteriemia polimicrobiana es mas
frecuente en EfRASV (63,64).
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1.4 Tratamiento de las bacteriemias por EFRASV

E. faecium se considera un germen dificil de tratar, tanto por su perfil
de resistencias como el hecho de que la monoterapia suele
presentar actividad bacteriostatica (72). Los prescriptores deben
realizar un dificil equilibrio entre la busqueda del tratamiento mas
eficaz (teniendo en cuenta la gravedad de los pacientes, las
comorbilidades y el inéculo de la infeccion) y seguro (pacientes de
edad avanzada y comorbilidades con alta propensién a
toxicidades)(40). Teniendo en cuenta el perfil de resistencia a
ampicilina y glucopéptidos de E. faecium, el arsenal terapéutico
disponible para el tratamiento de la bacteriemia por EfRASV incluye
glucopéptidos (vancomicina/teicoplanina), oxazolidinonas
(linezolid/tedizolid), daptomicina, tigeciclina, dalbavancina y

oritavancina.

No existen ensayos clinicos ni estudios experimentales
adecuadamente disenados que hayan evaluado la efectividad
clinica y seguridad de estos tratamientos. La mayor parte de la
evidencia procede de estudios efectuados en Estados Unidos con
cepas resistentes a vancomicina, centrandose en la evaluacion de
linezolid y daptomicina, con resultados contradictorios (66,73—76).
Sin embargo, tanto las diferencias en la prevalencia de resistencia
a vancomicina como en la virulencia entre las cepas resistentes y
sensibles a este glucopéptido, impiden la aplicacion de estos datos

en nuestro medio (66,77).

En base a esta ausencia de evidencia, el tratamiento de bacteriemia
por EfRASV se ha basado en datos histéricos, modelos de

farmacocinética/farmacodinamica (PK/PD), accion
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bactericida/bacteriostatica tedrica, perfii de seguridad y en
experiencias anecdoticas o personales (40). Por todo ello, es
imprescindible estudiar cual es el tratamiento mas éptimo, teniendo
en cuenta el incremento en la incidencia, la mortalidad y el posible
mayor riesgo de mortalidad asociado al retraso del tratamiento
adecuado (44).

En la practica clinica habitual, el tratamiento de eleccién han sido
los glucopéptidos, principalmente vancomicina. Ello es debido a
motivos historicos y a su accion bactericida tedrica (40). Sin
embargo, dadas las caracteristicas de la infeccién, comorbilidades
de los pacientes, y toxicidades asociadas a vancomicina, es habitual
el empleo de otras alternativas como linezolid o daptomicina (31).

El tratamiento de la bacteriemia por EfRASV ha sido recientemente
revisado por un comité de expertos, con las recomendaciones
basadas en sus opiniones descritas en la Tabla 3.
Desafortunadamente, dada la ausencia de estudios clinicos la

evidencia que sustenta estas recomendaciones es incierta.
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Tabla 3. Recomendaciones en el tratamiento de la bacteriemia por Enterococcus
faecium resistente a ampicilina y sensible a vancomicina. Adaptado de Roselli Del
Turco E, et al. Clin Microbiol Infect. 2021;27(3):364-371 (21).

Enterococcus

. faecium Enterococcus faecium resistente a ampicilina y
Infeccion resistente a i - S

ampicilinay
sensible a
vancomicina

Bacterle_mla Vancomicina Linezolid o daptomicina
no complicada
. Alternativas:
Alternativas Daptomicina

Daptomicina + betalactamicos.
Linezolid
Teicoplanina

Daptomicina o linezolid (considerar afiadir un
segundo tratamiento sinérgico como gentamicina
o betalactamicos)

Vancomicina +

Endocarditis .
gentamicina

Daptomicina +
gentamicina

Alternativas Linezolid

Daptomicina +
betalactamicos

Vancomicina: 25-30 mg/kg dosis de carga seguido de 15 mg/kg/8h

Daptomicina: 6-8 mg/kg/24h. En caso de resistencia a vancomicina, 9
mg/kg/24h como minimo.

Dosis . .
recomendadas Linezolid: 600 mg/12h

Gentamicina: 1 mg/kg/8h

Teicoplanina: 6 mg/kg (maximo 400 mg/12h) 3 dosis, seguido de 6
mg/kg (maximo 600 mg/24h)

La bacteriemia no complicada fue definida como aquella que se
diagnosticaba en el hospital, que no era persistente en pacientes sin
dispositivos intravasculares o aquella en la que no se diagnosticaron
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nuevos soplos, insuficiencia cardiaca o émbolos sépticos (21). La

duracion recomendada es de 7-14 dias (21).

A continuacién, se describen las principales caracteristicas de los

antibioticos empleados:
1.4.1 Glucopéptidos (vancomicina y teicoplanina)

El mecanismo de accién de los glucopéptidos se ejerce mediante la
inhibicion de los procesos de transglicosilacion y transpeptidacion,
implicados en la sintesis del peptidoglicano (28). Concretamente,
mediante la formacion de enlaces de hidrogeno del nucleo
heptapéptido con union a la subunidad C terminal -Lys-p-Ala-p-Ala
del precursor Lipid 1l (28). El efecto antibacteriano de vancomicina
sobre las bacterias es tiempo dependiente, lento, y se ve afectado
por la presencia de alto indculo y/o cepas en fase estacionaria
(78,79).

Uno de los principales problemas de los glucopéptidos es su
farmacocinética (28). Su elevado tamafio molecular hace que no
penetren bien en diversos tejidos del organismo, con una
concentracién variable y que depende de la presencia de la
inflamacién (79). Presentan un volumen de distribucion variable y
que oscila entre 0,097-6,97 L/kg (28,80). La union de proteinas
plasmaticas es de 10-50% en el caso de vancomicina y 88-94% en
el de teicoplanina (30,79). No son metabolizadas por el higado y se
excretan en un 80-90% por via renal (79). La semivida de
eliminacion de vancomicina es de 4-11 horas y de teicoplanina de
168 horas (30).
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El parametro PK/PD que se correlaciona con la eficacia clinica de
vancomicina es el cociente del area bajo la curva (ABC)/CMI (40).
El alcance de una ABC/CMI 2389 durante las primeras 72 horas se
ha asociado con un menor riesgo de mortalidad a los treinta dias en
la bacteriemia por enterococos (principalmente E. faecium)
sensibles a vancomicina (81). En cuanto a la toxicidad, niveles valle
superiores a 15 mg/L y de ABC > 600 mg.h/L se han asociado con
un mayor riesgo de nefrotoxicidad (82,83). En relacion a la CMI, el
punto de corte definido por el European Committee on Antimicrobial
Susceptibility Testing (EUCAST) es de 4 mg/L (84).

Mas alla de su farmacocinética, otro de los principales problemas de
los glucopéptidos son sus efectos adversos (78,79). La
nefrotoxicidad limita su uso en la practica clinica. Es dificil establecer
su prevalencia, ya que las definiciones de nefrotoxicidad y los
factores de riesgo asociados son variables en los diferentes
estudios. En la literatura existente oscila entre 0-40%, aunque el
valor mas habitualmente reportado es del 5-7% (79). Los factores
de riesgo son: niveles plasmaticos elevados, dosis superior a 4
gramos diarios, edad avanzada, insuficiencia renal previa o cronica,
deshidratacién, obesidad, hipoalbuminemia, sepsis, ingreso en UCI,
utilizacion de otros nefrotdxicos concomitantes (aciclovir,
aminoglucésidos, diuréticos del asa, piperacilina/tazobactam,
contrastes intravenosos, vasopresores) asi como una duracidon
superior a los 7 dias (aumento del 4-12% del riesgo por cada dia
adicional)(78,79,82,83,85,86). La evidencia disponible, sin
embargo, sugiere que es poco probable que exposiciones inferiores

a 48-72 horas sean suficientes para causar nefrotoxicidad (86).
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Otros efectos adversos son la reaccion infusional asociada a
vancomicina (87). Dicho efecto adverso se asocia a la velocidad de
administracion, por lo que no se recomienda una infusion superior 1
g/hora (79). A pesar de que se ha descrito una prevalencia de
ototoxicidad de 1-9% (79), ésta es controvertida ya que no ha sido
demostrada en modelos animales (78,79). Se estan estudiando
formulaciones liposomales de vancomicina para disminuir el riesgo
de nefrotoxicidad (79).

La teicoplanina parece presentar un menor riesgo de nefrotoxicidad
y reaccion infusional, aunque su utilizaciéon en las bacteriemias es
poco frecuente probablemente porque no se dispone de niveles
plasmaticos de rutina (88).

1.4.2 Oxazolidinonas (linezolid y tedizolid)

Estos antibidticos actuan a través de la inhibicion de la sintesis de
proteinas, mediante la unién al sitio A ribosomal de la subunidad 50
S, lo que impide la unién e iniciacion del complejo 70S (12,16,89).
Su accidn es bacteriostatica, lo cual ha constituido una limitacién a
la hora de su utilizaciéon en infecciones graves como bacteriemia
(90). Sin embargo, en la practica clinica ha demostrado ser eficaz
en bacteriemias por E. faecium resistentes a vancomicina o S.
aureus resistentes a la meticilina (SARM)(73,74,90-92). Una
revision sistematica cuestion6 la importancia del comportamiento
bactericida/bacteriostatico en diversas infecciones, concluyendo
que linezolid podria ser una alternativa en el tratamiento de

determinadas infecciones, incluyendo la bacteriemia (90).
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La farmacocinética de linezolid presenta un perfil mas favorable
respecto a los glucopéptidos. La disponibilidad de formulaciones
que se pueden administrar por via oral, con una absorcién cercana
al 100%, facilita la transicion a esta via (93,94). Presenta ademas
un amplio volumen de distribucion que permite una excelente
penetracién en tejidos (40,94,95). Su semivida de eliminacién es de
3,4-7,4 h, con una unién a proteinas plasmaticas del 31% (89,96).
Linezolid se elimina un 30% por via renal y un 65% por via hepatica
(89). A pesar de no existir ninguna recomendacion de ajuste de
dosis por insuficiencia renal y/o hepatica en la ficha técnica, diversos
estudios han demostrado un mayor riesgo de efectos adversos
debido a la acumulacién de los metabolitos activos (93,97). En este
sentido, se podria considerar el ajuste de dosis en pacientes de alto
riesgo a 300 mg/12h basandonos siempre en los resultados de la
monitorizacion de niveles plasmaticos (93,97).

Los parametros PK/PD de linezolid recomendados son T>CMI>
85% o un ABC/CMI 80-120 en el caso de la eficacia, no
recomendandose concentraciones minimas (Cmin) por encima de 7
mg/L (40,98). El punto de corte de EUCAST de linezolid es de 4
mg/L (84). Un modelo farmacodinamico in vitro realizado en cepas
de E. faecium sensibles a vancomicina evalud la resistencia a
linezolid y observd que la concentracion preventiva de mutantes de
linezolid era 4 mg/L (36). En ausencia de niveles adecuados, la

seleccion de resistencias era notable a partir de las 24 horas (36).

Los efectos adversos son bien conocidos e incluyen intolerancia
gastrointestinal (diarrea, nauseas y vomitos), cefalea, toxicidad
hematolégica (anemia y plaquetopenia), acidosis lactica,

hipoglicemia y neuropatia periférica y Optica (especialmente en
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tratamientos superiores a 28 dias)(40,89,94). Los mas prevalentes
son los efectos adversos gastrointestinales y hematoldgicos, siendo
estos los que limitan principalmente su uso. La toxicidad
hematolégica presenta una prevalencia del 6%, aunque depende
del tipo de infeccion, definicion y/o comorbilidades (92). El riesgo de
desarrollarla aumenta en duraciones superiores a los 14 dias y
podria disminuirse mediante la medicién de niveles plasmaticos
(89,94,98). Linezolid puede interaccionar con agentes que eleven
los niveles de serotonina y provocar un mayor riesgo de sindrome

serotoninérgico (89).

En cuanto a tedizolid, presenta algunas ventajas respecto a linezolid
ya que se administra una vez al dia y tiene una actividad in vitro 4-8
veces mayor frente a E. faecium (95). Otra de las ventajas es que
presenta un menor riesgo de efectos adversos, asi como una
correcta tolerancia en pacientes que han sufrido toxicidades previas
a linezolid (95,99). Asi mismo, parece presentar un menor riesgo de
interacciones farmacoldgicas (95). Sin embargo, su evidencia en el

tratamiento de la bacteriemia por enterococos es muy limitada.
1.4.3 Daptomicina

El principal mecanismo de accion de daptomicina parece ser que el
complejo daptomicina-calcio equilibra y da rigidez a la membrana,
secuestrando lipidos y disociando enzimas unidas a la membrana
que estan implicadas en la sintesis de peptidoglicano (12). De
manera secundaria, la union al fosfatidilglicerol (dependiente de
calcio) ocasiona la insercion de daptomicina en la membrana
celular, la disrupcion de la misma, la despolarizacion y la pérdida de
iones intracelulares como el potasio, magnesio y el ATP (12,100).
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Presenta un volumen de distribucion limitado (0,1 L/kg), con una
union a proteinas plasmaticas del 92% y una semivida plasmatica
de 8-9 horas (100). El indice PK/PD asociado a su eficacia es
ABC/CMI > 666 mg/L, con un punto de corte en el valle de 24,3 mg/L
establecido como predictor de elevaciéon de creatina fosfoquinasa
(CPK)(98,101).

Este farmaco presenta un aceptable perfil de seguridad, con una
incidencia de efectos adversos menor en términos de insuficiencia
renal, nauseas o cefalea respecto a sus comparadores (102). Puede
provocar elevacion de la CPK con posible afectacion muscular y
rabdomidlisis, aunque su incidencia es baja (2,1-2,8%)(92,102). Sin
embargo, dado que las dosis empleadas en la infeccién por
enterococos son superiores a las recomendadas en ficha técnica,
es necesaria una estricta monitorizacion. Otro efecto adverso
asociado es la neumonia eosindfila, con una prevalencia muy baja

pero con consecuencias clinicas mas graves (102).

Daptomicina presenta una accion bactericida rapida concentracion
dependiente, lo cual ha motivado su utilizacion en infecciones
graves por S. aureus (78,103). En el caso de la bacteriemia
enterococica, su uso ha aumentado en los Ultimos afos,
probablemente motivado por la evidencia existente en bacteriemia
por estafilococos, su accion bactericida asi como a su perfil de
seguridad (31). Sin embargo, la evidencia de su utilizacién en
enterococos es limitada y mayoritariamente proviene de cepas
resistentes a vancomicina (73,74). Asi mismo, existen otros
inconvenientes, como una peor actividad frente a enterococos
respecto a los estafilococos, el desconocimiento de la dosis éptima

o el punto de corte, asi como la seleccion de resistencias durante el
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tratamiento (31,100,104,105). Todo ello ha llevado al EUCAST a
publicar un documento de posicionamiento donde se resalta la falta
de evidencia de la |utilizacion de daptomicina en
bacteriemia/endocarditis ocasionada por enterococos (31). En este
documento se ha definido el punto de corte como El, se recomienda
una estrecha vigilancia clinica dado el riesgo de fracaso terapéutico
y la realizacién de estudios prospectivos de eficacia, seguridad y
PK/PD para poder determinar el uso de daptomicina en esta

infeccién y poder establecer puntos de corte en el futuro (31).
1.4.4 Tigeciclina

Tigeciclina actua a nivel de la sintesis de proteinas, mediante la
unién de la subunidad ribosomal 30S lo que bloquea la union del
aminoacil-tRNA con el ribosoma (96). Presenta una potente

actividad frente a E. faecium (106).

Presenta un elevado volumen de distribucion (7-10 L/kg), lo cual
permite una buena penetracion en la mayor parte de tejidos (106).
Su unién a proteinas plasmaticas es de 71-89%, con una semivida
de eliminacion de 42h, eliminandose principalmente por via biliar
(59%), urinaria (22%) y glucuronidacién (106). No se recomiendan
ajustes de dosis en pacientes con insuficiencia renal, pero si en
casos de Child Pugh C (106).

A nivel de seguridad tigeciclina presenta numerosos efectos
adversos gastrointestinales, principalmente nauseas, vomitos, que
fueron superiores a los de sus comparadores (106). También se han
descrito casos de pancreatitis y trombocitopenia (106,107).
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El principal problema asociado con este antibidtico son sus bajas
concentraciones plasmaticas, asi como su caracter bacteriostatico
(107). De hecho, la Food and Drug Administration estadounidense
publicé una alerta con un incremento de la mortalidad asociada en
bacteriemia, hecho que se confirmé en una revision sistematica y
meta-analisis (107,108). Por todo ello, su utilizacién en bacteriemias
en monoterapia esta desaconsejada y solo deberia utilizarse como

ultima opcioén (107).
1.4.5 Lipoglucopéptidos (dalbavancina, oritavancina)

Dentro de los lipoglucopéptidos se encuentran la telavancina,
dalbavancina y oritavancina. La telavancina no se encuentra
comercializada en Espana y ademas su posologia no permite
obtener concentraciones adecuadas en infecciones enterocdcicas

graves, por lo que no sera desarrollada en este apartado (40).

Esta familia de antibioticos presenta grupos lipofilicos de tipo arilo o
alquilo en el residuo amino azucar de manera similar a la
teicoplanina (28,30). Presentan una mayor potencia y actividad in
vitro que los glucopéptidos. Ademas del mecanismo de accion
clasico de los glucopéptidos, presentan otras dos caracteristicas
que explican esta mayor potencia. La primera es su capacidad de
dimerizarse, lo que estabiliza su unién al peptidoglicano (30). La
insercion del residuo lipofilico en la membrana bacteriana facilita su
unién al residuo D-Ala-D-Ala de Lipid Il debido al aumento de la
concentracion, lo que incrementa su potencia (28,30). En segundo
lugar, el anclaje de la molécula en la membrana podria
desestructurar esta ultima, alterando su potencial de membrana

(28). Por ultimo, oritavancina podria presentar un mecanismo de
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accién adicional, ya que podria inhibir la formacion de las cadenas

de carbohidratos del peptidoglicano (30).

A diferencia de vancomicina, los lipoglucopéptidos presentan una
actividad bactericida rapida, probablemente debido a la lisis que
genera el anclaje del antibiético en la pared celular (30). Exhiben
una actividad concentracion dependiente [Concentracion maxima
(Cmax)/CMI], a excepcion de dalbavancina (ABC/CMI)(30,40).

Otra de las diferencias respecto a vancomicina es que debido a sus
propiedades farmacocinéticas (elevada wunién a proteinas
plasmaticas, elevados volumenes de distribucion y largas semividas
de eliminacion), su administracion es mas comoda lo que facilita la
logistica (30). Mientras que dalbavancina se elimina por via renal,
oritavancina no presenta esta eliminacion y no es necesario un
ajuste de dosis (30).

Ambos farmacos son muy activos frente a E. faecium (109).
Dalbavancina es activo frente a cepas resistentes a vancomicina
que producen vanB, con una sensibilidad del 100% en Europa
(18,30,109). Oritavancina es también activa frente a cepas
resistentes a vancomicina por vanA, con CMI menores respecto a
daptomicina, vancomicina o linezolid (110,111). La sensibilidad en
Europa es del 99% (110,112). Ambos farmacos han demostrado
tener actividad frente a cepas en estado estacionario y biofilms
(113,114).

Los principales efectos adversos asociados son la cefalea, nauseas,
vomitos, reacciones en el sitio de infusién y diarrea (30). Estos

farmacos también pueden provocar alteraciones analiticas mediante
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elevacion de la alanina aminotransferasa y aspartato
aminotransferasa (111). En el caso de oritavancina, se identificé un
0,3% de osteomielitis (111). La toxicidad renal fue mas prevalente
con dalbavancina (115). A diferencia de otros lipoglucopéptidos,
oritavancina puede producir interacciones con otros farmacos
mediante la inhibicién moderada de CYP2C9y CYP2C19, siendo un
potencial inductor leve de CYP3A4 y CYP2D6 (111).

Aunque la experiencia en bacteriemia es limitada, estos antibiéticos
podrian ser Utiles en cepas resistentes a otros antibidticos de
primera linea, o para facilitar la logistica de la administracion en
régimen de hospitalizacién ambulatoria reduciendo asi las estancias
hospitalarias (40,115,116).
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2 HIPOTESIS

A pesar del aumento en la incidencia de bacteriemias producidas
por E. faecium en Espana, asi como la mortalidad asociada y el
potencial impacto de una adecuada eleccion antibidtica, el
tratamiento mas apropiado de esta entidad sigue sin estar claro.
Teniendo en cuenta las multiples comorbilidades presentes en los
pacientes con estas infecciones, la gravedad de la presentacién
clinica y las toxicidades asociadas a los antibidticos es
imprescindible profundizar en el conocimiento del tratamiento de
este sindrome. A pesar de que histéricamente se han empleado los
glucopéptidos, los pacientes con estas infecciones suelen presentar
insuficiencia renal por lo que es habitual el uso de linezolid o
daptomicina como alternativas. Sin embargo, no existen ensayos ni
estudios clinicos que hayan comparado la efectividad y seguridad
de estos antibidticos en la bacteriemia por EfRASV.

En base a la evidencia disponible se plantean dos hipotesis iniciales:

1. A pesar de su accidn bacteriostatica, dadas sus
caracteristicas fisicoquimicas y su farmacocinética, linezolid
podria ser una alternativa a vancomicina en el tratamiento
de la bacteriemia por EfRASV.

2. Dadas las incertidumbres y la evidencia insuficiente que
existe en torno a la utilizacion de daptomicina en la
bacteriemia por EfRASV, daptomicina podria presentar un
mayor riesgo de fallo terapéutico en esta entidad tal y como

ha sido descrito.
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3 OBJETIVOS

3.1 Objetivo principal

El objetivo principal de la presente tesis consiste en estudiar el
tratamiento 6ptimo de las bacteriemias por E. faecium en nuestro

medio.

3.2 Objetivos secundarios

1 Objetivo secundario numero 1

Analizar la efectividad y seguridad de linezolid y los
glucopéptidos en el tratamiento de la bacteriemia por EfRASV.

2 Objetivo secundario numero 2

Analizar la efectividad y seguridad de daptomicina y los

glucopéptidos en el tratamiento de la bacteriemia por EfRASV.
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4 COMPENDIO DE PUBLICACIONES

A continuacion, se incluyen los articulos publicados y que han sido
aceptados por la Comision Académica del Programa de Doctorado

en Medicina:
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Compendio de publicaciones

4.1 Articulo 1

Linezolid versus glycopeptides in the
treatment of glycopeptide-susceptible
Enterococcus faecium bacteremia: A
propensity-score matched comparative

study.

Echeverria-Esnal D, Sorli L, Prim N, Conde-Estevez
D, Mateu-De Antonio J, Martin-Ontiyuelo C,
Horcajada JP, Grau S.

International Journal of Antimicrobial Agents.
2019;54(5):572-78.
DOI: 10.1016/j.ijantimicag.2019.08.018.
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Background: The incidence of ampicillin-resistant Enterococcus faecium bacteraemia is increasing. van-
comycin remains the first-line treatment in areas with a high prevalence of glycopeptide-susceptible iso-
lates, but data comparing its clinical outcomes with other treatments are lacking. The objective of this
study was to compare the effectiveness and safety of linezolid and glycopeptides for the treatment of

Editor: J.-M. Rolain glycopeptide-susceptible E. faecium bloodstream infection {GSEF-BSI).

Keywords: Methods: This retrospective observational cohort study was conducted from January 2006 to May 2018
Enterococeus foechinm at the Hospital del Mar, Barcelona, Spain, and compared the clinical outcomes and safety of linezolid and
Linezelid glycopeptides in adult patients with GSEF-BSL. The main outcomes included clinical cure at the end of
Vancomycin therapy, 30-day mortality, microbiological eradication and attributable length of stay (LOS). Propensity

Blocdstream infection score matching was performed to reduce potential confounders among groups.

Results: In total, 105 patients with GSEF-BSI were included (linezolid, n=38; glycopeptides, n=67). After
propensity score matched analysis, 56 {53.3%) patients, 28 in each cohort, entered the final analysis. No
differences were observed in any of the main clinical outcomes among patients treated with linezolid or
glycopeptides: clinical cure [16/28 (57.1%) vs 13/28 (46.4%), P=0.593], 30-day mortality [8/28 (28.6%) vs
12/28 (42.9%), P=0.403], microbiclogical eradication [22/28 (78.6%) vs 20/28 (71.4%), P=0.758] and median
attributable LOS (18.0 vs 17.0 days, P=0.924). Adverse events were similar in both groups.

Conclusions: Linezolid and glycopeptides showed similar clinical effectiveness and safety in the treatment
of GSEF-BSL Linezolid could be an alternative to glycopeptides in the treatment of GSEF-BSL

© 2019 Elsevier B.V. and International Society of Chemotherapy. All rights reserved.

1. Intreduction receipt of broad-spectrum antimicrobials, liver disease, and the use

of urinary and intravascular catheters [1,4].

Enterococci are commensals of the human gastrointestinal tract
[1] that can cause serious infections such as bloodstream infections
(BSI) and endocarditis [2,3]. Risk factors for enterococcal bacter-
aemia include immunosuppression, intensive care unit (ICU) stay,

* Corresponding author, Address: Service of Pharmacy, Universitat Autdnoma de
Barceloma, Hospital del Mar, Parc de Salut Mar, Passeig Maritim 25-29, 08003,
Barcelona, Spain. Tel.: |34 932483825; fax: |34 932483256.

t-tnail address: sgrau@parcdesalutmar.cat (S. Grau).

https://doi.org/10.1016/] jantimicag.2019.08.018

Enterococci have emerged as important nosocomial pathogens
[2]. The prevalence of enterococcal nosocomial [2,5,6].

Up to the late 1980s, Enterococcus faecalis was predominant, but
over the past three decades, Enteracoccus faecium has become the
main cause of enteroceccal infections and today presents an annual
increase in the rate of bacteraemia of 19% [7]. This is of concern
given the higher related mortality [8,9].

Despite the increasing incidence of E. faecium BSI and its high
meoertality, the treatment of choice remains unknown. In addition

0924-8579/C 2019 Elsevier B.V. and International Society of Chemotherapy. All rights reserved.
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to its inherent resistance to many antimicrobial agents, the world-
wide dissemination of clonal complex 17 has increased resistance
to ampicillin [8,10], which is »85% in the USA and Europe (87.5%
in Spain) [11]. On the contrary, the prevalence of vancomycin-
resistant isolates differs considerably between the USA (75-80%)
[12] and Europe {0-46%, 2.1% in Spain) [3,11].

Most studies have focused on vancomycin-resistant E. foecium
(VREF) isolates in the USA, mainly comparing linezolid and dap-
tomycin with controversial results [6,13-15]. Unfertunately, differ-
ences in the prevalence of vancemycin resistance and intrinsic
virulence among vancomycin-resistant and vancemycin-susceptible
species [16,17] preclude the application of these data in areas with
lower vancomycin resistance.

Vancomycin is the first-line treatment of glycopeptide-
susceptible E. faecium (GSEF)-BSI [13] when the isolate is resistant
to ampicillin due to its bactericidal activity, but specific clinical
data on this scenario are missing. Despite its efficacy, its use has
been related to some drawbacks, such as slow bactericidal activity
and potential nephrotoxicity [18].

Linezolid is used for the treatment of infections caused by
Cram-positive micro-organisms, including multi-drug-resistant
strains. Linezolid may be a reasonable alternative to vancomycin
for the treatment of enterocaccal infections given its in-vitro
activity [19], clinical efficacy in other types of infecticns [20] and
different toxicity profile. Although its bacteriostatic activity, its
efficacy has been shown in other BSI such as VREF-BSI [6,13-15]
and meticillin-resistant Staphylococcus aureus bacteraemia [20].

Given the increasing incidence of E. faecium BSI and the lack of
data concerning the treatment of choice, the aim of this study was
to analyse the effectiveness and safety of linezolid and glycopep-
tides for the treatment of GSEF-BSI.

2. Materials and methods
2.1. Hospital setting and study design

This study was performed at Hospital del Mar, a 420-bed uni-
versity tertiary care hospital located in Barcelona, Spain. It includes
two adult ICUs {medical and surgical), an active programme for
renal transplantation, and oncology and haematology wards. This
study was reviewed and approved by the institutional ethics com-
mittee.

This retrospective observational cohort study was conducted
from January 2006 to May 2018. All patients with GSEF-BS1
were identified using computer-generated microbiological data,
and trained study investigators reviewed inpatient medical records
retrospectively.

2.2, Patients and variables

All adult patients (aged :=18 years) with at least one positive
blood culture for GSEF and treated with at least one dose of line-
zolid or glycopeptides (vancomycin or teicoplanin), including pa-
tients with endocarditis, were included in this study. Patients were
excluded if they did not receive any treatment according to the re-
sponsible physician criteria or if they were treated with another
anti-GSEF agent. Only the first episode was analysed in patients
with more than one episode. No institutional protocol regarding
the treatment of GSEF-BSI was present at any point during the
study period. Teicoplanin and vancomycin were adjusted according
to renal function, and linezolid and vancomycin plasmatic levels
were adjusted when available by clinical pharmacists. For linezolid,
both oral and intravenous therapies were considered appropriate.
Patients were followed-up until 3 months after hospital discharge
or death.

All data were gathered using a previously designed form
that included epidemiolagical, clinical and microbiological data.
Epidemiclogical data included age, sex, body mass index, hospital-
izaticn ward (medical or surgical), hospitalizations in the previcus
year, means of acquisition (community-acquired, healthcare-
associated or nosocomial [21]), underlying diseases and their
severity according to the Charlson Comorbidity Index score [22],
immunosuppression, neutropenia, surgery or total parenteral
nutrition in the previous 3 months, and presence of devices
(vascular or urinary catheter, drainages). Clinical data included
the source of bacteraemia, severity of illness and antimicrobial
therapy. Severity of illness was assessed using the Pitt bacteraemia
score 23], Sepsis-related Organ Failure Assessment [24], diagnosis
of sepsis and septic sheck according to the 2016 definitions [25],
admission to the ICU (in these patients, the Acute Physiology
And Chronic Health Evaluation ll score was calculated [26]), and
need for vasoactive drugs or mechanical ventilation on the day
of the episode. The need for total renal replacement therapies
was recorded on the day of the episode and during treatment.
Regarding antimicrobial therapy, all antibiotic treatments received
in the preceding 3 months, empirical therapy, definitive treat-
ment, time to effective therapy, length of definitive treatment and
antibiotic-related adverse events were recarded.

Outcomes analysed included clinical cure at the end of treat-
ment (EOT) and at 14 days, need for salvage therapy, time to defer-
vescence, microbiological eradication, relapse, superinfection and
persistence of GSEF-BSI. Early (7-day), in-hospital and 30-day mor-
tality; attributable and hospital length of stay {L0OS); re-admission
rates and treatment-related adverse events were also recorded.

2.3. Microbiology

Identification of E. faecium was performed using conventional
methods [27]. The susceptibility of isolated E. faecium to antimi-
crohials (ampicillin, linezolid, teicoplanin and vancomycin) was
included. The European Committee on Antimicrobial Susceptibility
Testing clinical breakpoints were applied to characterize the isolate
susceptibilities [28]. Polymicrobial bacteraemia and concomitant
micro-organisms were also recorded. Polymicrobial bacteraemia
was defined when at least one non E. faecium bacterial species was
isolated from the same blood culture as the enterococci [29]. The
full susceptibility test was performed by microdilution (MicroScan,
Mahwah, NJ, USA). Minimum inhibitory concentrations of linezolid
and vancemycin were confirmed by gradient diffusion (E-test,
bioMérieux, Marcy I'Eteile, France).

24. Definitions

An episode of bacteraemia was defined according to the Cen-
ters for Disease Control and Prevention definition of BSI [30].
[mmunosuppression was considered if the patient had received
chemotherapy, radiotherapy or other immunosuppressive drugs
including corticosteraids in the previous maonth. Neutropenia was
defined as an absolute neutrophil count =500/uL [31]. To define
the source of bacteraemia, microbiclogical and clinical criteria
were used [30,32]. The source of bacteraemia was classified into
two groups: lew risk (urinary tract, vascular catheter and biliary
tract) and high risk (all others) [33].

Empiric therapy was defined as therapy administered from 48 h
before until culture was available, and was deemed appropriate if
at least one of the antibiotics was active in vitro [33]. Time to ef-
fective therapy was recorded as the time in days until receiving an
appropriate treatment.

Clinical cure was defined as the resolution of signs and symp-
toms of infection after treatment for GSEF was discontinued [13].
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Treatment failure was considered when treatment was discon-
tinued or changed before clinical cure was achieved because of
persistence of infection, death or toxicity [13]. Microbiological
eradication was considered when the last blood culture drawn
after initiation of therapy was negative [13] or, if blood culture was
not repeated, when clinical cure was achieved. Persistence of GSEF
was defined as the isolation of GSEF in a blood culture after =72 h
of adequate treatment, and relapse was defined as the isolation
of a positive blood culture after documented clearance within 30
days of the index culture. Need for salvage therapy was defined as
the change of antibiotic treatment due to persistence of infection
or presence of adverse reactions. The attributable LOS was defined
as the time from the index GSEF-positive blood culture until
clinical cure was achieved. Re-admission to hospital was recorded
up to 3 months after discharge. Adverse events were defined as
the development of an adverse event proven or suspected to be
related to the agent used after the initiation of therapy [13].

2.5. Statistical analysis

Baseline categorical variables were presented as percentages
and were compared using 2 or Fisher's exact tests when appro-
priate. Continuous variables were described as median [interquar-
tile range (IQR)] and were analysed by t-test or Mann-Whitney
U-test.

Due to imbalances in the baseline characteristics of the treat-
ment groups, propensity score matching was performed to reduce
potential hiases. This analysis was performed through logistic re-
gression and using one-to-one nearest-neighbour matching with-
out replacement, with treatment of GSEF-BSI as the dependent
variable. Age, diagnosis of septic shock, source of bacteraemia (high
or low risk), Pitt score and inappropriate empirical treatment were
included as independent variables. The caliper was set to a width
equal to 0.2 of the standard deviation of the logit of the propen-
sity score [34]. P=0.05 was considered to indicate statistical sig-
nificance in all analyses, Statistical analyses were performed using
SPSS Statistics 22.0 {IBM Corp., Armonk, NY, USA),

3. Results

One hundred and ninety-two patients with GSEF-positive blood
cultures were identified over the study peried, and 105 (52.1%)
were analysed as they received either linezolid or glycopeptides.
Patients who did not receive an active treatment (n=>57) or who
were treated with other anti-GSEF agents (1i=30) were excluded.

Thirty-seven patients received linezolid and 68 received gly-
copeptides (nine teicoplanin and 59 vancomycin) as definitive ther-
apy for GSEF-BSI based on the responsible physician criteria. After
propensity score matching, 56 (53.3%) patients were included, with
28 in each treatment group (in the cohort treated with glycopep-
tides, five of 28 patients were treated with teicoplanin and the re-
maining 23 patients were treated with vancomycin). Two GSEF iso-
lates in each group were ampicillin-susceptible but were treated
either with linezolid ot glycopeptides. No patient received combi-
nation therapy with beta-lactams or aminoglycosides for the treat-
ment of GSEF-BSL

Baseline epidemiological and clinical characteristics between
treatment groups before and after propensity score analysis are
shown in Table 1.

No significant differences were observed in the baseline de-
mographic or clinical characteristics, apart from better renal func-
tion in the glycopeptide group, including creatinine (P=0.004) and
Chrenic Kidney Disease Epidemiology Collaboration (P=0.011). Al-
though not significant, a trend towards a higher prevalence of pre-
vious surgery was naticed in the glycopeptide group {(P=0.080).
There were no differences concerning inappropriate empirical

treatment in the linezolid and glycopeptide groups [16/28 (57.1%)
vs 13/28 (46.4%), P=0.593]. Among those who received inappro-
priate empirical treatment, the number of days until appropriate
treatment did not differ between treatment groups [3.0 (IQR 2.3-
6.0) vs 2.0 (IQR 1.0-5.5) days, P=0.209].

The main source of infection was intra-abdominal infection
with 28 (50.0%) patients, including biliary tract infection in 13
(23.2%) patients. Central-line-related BS1 was diagnosed in nine
(16.1%) patients, and the source of infection was unknown in
six (10.7%) patients. No differences were present concerning the
source of infection among cohorts.

The prevalence of polymicrobial bacteraemia was 41.7%, with
no significant difference between the linezolid and glycopeptide
groups [14/28 {50.0%) vs 9/28 (32.1%), P=0.277]. Concomitant iso-
lated micro-organisms were Enterobacteriaceae in six (21.4%) pa-
tients in the linezolid group vs seven (25.0%) patients in the gly-
copeptide group (P=1.000); Candida spp. in one (3.6%) vs zero
(0.0%) patients {P=1.000); coagulase-negative staphylococci in two
(71%) vs two (71%) patients (P=1.000); and E. faecalis in three
(10.7%) vs zero {0.0%) patients (P=0.236), respectively. All micro-
organisms were treated appropriately according to susceptibility in
vitro, antibiotic dosage and source control. Antibacterial suscepti-
bilities for 55 isolates of E. faecium are shown in Table 2.

All patients received linezolid 600 mg every 12 h, whereas the
median daily doses of teicoplanin and vancemycin were 400 (IQR
400-600) mg and 2000 (IQR 1200-2000) mg, respectively, All pa-
tients in the teicoplanin group received 6 mg/kg/12 h for three
doses and then 6 mgfkg/24 h. Plasma levels were performed in
five of 28 (17.9%) and 16 of 23 (69.6%) patients (P=0.005) in the
linezolid and vancomycin groups, respectively, Length of treatment
did not differ between the cohorts (data nat shown).

Regarding the source control, among four patients with urinary
tract GSEF-BSI, two patients had an indwelling catheter on the day
of the episode; in both cases, this catheter was removed. Concern-
ing line-related BSI, the catheter was removed in three of four pa-
tients in the linezolid group and four of five patients in the gly-
copeptide group (P=1.000). In intra-abdominal, biliary and wound
infections, no differences in the performance of surgical treatment
were noticed (P=1.000).

Overall, clinical cure at the EOT was 51.8% (n=29/56) and 30-
day mortality was 35.7% (n=20/56). Both treatment groups showed
similar clinical and microbiological efficacy, as shown in Table 3,
There were no significant differences between the linezolid group
and the glycopeptide group in clinical cure at the EOT [16/28
(57.1%) vs 13/28 (46.4%); odds ratio (OR) 1.54; 95% confidence in-
terval (Cl} 0.54-4.42; P=0.593] or clinical cure at 14 days [6/28
(21.4%) vs 6/28 {21.4%}; OR 1.00; 95% CI 0.28-3.58; P=1.000]. Mi-
crobiological eradication was similar in the linezolid and glycopep-
tide groups ([22/28 (78.6%) vs 20/28 (71.4%); OR 0.68; 95% CI 0.20-
2.38; P=0.758], as was 30-day mortality [8/28 (28.6%) vs 12/28
(42.9%); OR 1.88; 95% CI 0.62-5.70; P=0.403]. No difference in me-
dian attributable LOS was observed between cohorts [18.0 (IQR
14.0-26.0) days vs 17.0 (IQR 13.0-26.5) days: P=0.924].

The rate of adverse events compared by treatment group is
shown in Table 4, No differences were found hetween different
cohorts in terms of adverse events, attributable adverse events or
need for discontinuation of treatment due to adverse events. Pa-
tients in the linezolid group presented more nausea and vomiting
(4/26, 154% vs 0/27, 0.0%; OR 0.45; 95% (I 0.33-0.61; P=0.051),
but no other differences were found. Neither serotoninergic toxic-
ity nor red-man syndrome was diagnosed in any of the patients.

4. Discussion

To the best of the authors™ knowledge, this is the first and the
largest study to compare the effectiveness and safety of linezolid
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Table 1
Baseline and clinical characteristics of patients treated with linezolid or glycopeptides for the treatment of glycopeptide-susceptible Enterococcus faecfum bacteraemia.
‘Whole cohort (n=105) Pvalue  Propensity score matched cohort (=56} P value
Linezolid (n=37)  Glycopeptides (n=68) Linezolid (n=28) Glycopeptides (n=28)
Demugraphics
Age, years 714 (113) 67.0 (13.0) 0.105  72.0({64.3-79.8) 71.0 (63.3-76.8) 0.403
Male gender 29 (78.4) 48 (70.6) 0.389 2(78.6) 18 (64.3) 0375
Hospitulization ward
Medical 18 (48.6) 45 (66.2) 0.080 15 (53.6) 15 (53.6) 1.000
Surgical 19 (51.4) 23(338) 13 (50.0) 13 (50.0
Previous length of stay, days 16.0 (22.2) 19.3 (17.1) 0.395 10.0 {0-24.8) 21.0 (2.0-39.0} 0.109
Previous length of stay in ICU, days 5.2 (9.6) 4.0 (8.8} 0.509 0.0 {0-7.8) 0.0 (0-9.0) 0916
Community 4 (10.8) 4(5.9) 0.363 3{(10.7) 2(7.1) 1.000
Healthecare-associated g (243} 12 (17.6) 0.414 7 {25.0) 5(17.9) 0.746
Nosccomial 24 (64.9) 52 (76.5) 0.204 18 (64.3) 21 (75.0) 0.562
Undertying diseases
Charlson Comorbidity Index 1.2 (0.9) 1.3 (0.9} 0.705 2.0 (0.0-2.0) 01(0.3-2.0) 0.544
Diabetes 14 (37.8) 23(338) 0.681 9(32.1) 12 (42.9) 0.582
Hypertension 31(838) 38 (55.9) 0.004 23 (82.1) 19 (67.9) 0355
Chronic obstructive pulmonary disease 6 (16.2} 3(19.1) 0.712 5(17.9) 6 (21.4) 1.000
Congestive heart failure 5 (13.5} 3(44) 0.093 3{10.7) 1(3.6) 0.611
Selid tumour 9(243) 24(35.3) 0.247 7 {25.0) 7 (25.0) 1.000
Sclid organ transplantation 2 (54) 2(29) 0.529 2{7.1) 0(0.0) 0.491
Kiduey 2(54) 2(2.9 0.529 2(7.1) 0 (0.0) 0491
[mmunosuppression 15 (40.5) 34 (50.0) 0.353 10 (35.7) 11 (39.3) 1.000
Use of Bnmunosuppressive ogents 3(81) 9(13.2) 0.430 3(10.7) 3(17) 1.000
Coriicosternids 14 (37.8) 29 (4256) 0.632 9 (32.1) 16 (35.7) 1.000
Chemotherapy 3(8.) 16 (23.5) 0.050  3(10.7) 4(143) 1.000
Neutropenia 1(2.7) 9(13.2) 0.079 1(3.6) 3 (10.7) 0611
Chronic kidney disease 9 (24.3) 8(11.8) 0.095 7 (25.0) 4 (14.3) 0.503
Liver cirrhosis 3(8.1) 7(67) 0715 3{10.7) 0(0.0) 0236
Previous surgery 9 (24.3) 22 (32.4) 0.389 5(17.9) 12 (42.9) 0.080
Previous TPN 9 (24.3) 16 (23.5) 0.927 8{28.6) 9(32.1) 1.000
Source of bacleraemia 1.000
High risk 23(62.2) 44 (64.7) 0.796 15 (53.6) 15 (53.6)
Unknown 5 (13.5) 7(10.3) 5(17.9) 1(3.6)
Abdeominal 14 (37.8) 27 (39.7) 6{21.4) 9 (32.1)
Respiratory 2 (54) 4(5.9) 2 (7.1) 2(7.1)
Soft tissue 2 (54) 3(4.4) 2{7.1) 1(3.6)
Endocarditis 0(0.0) 1(1.5) 0(0.0) 1(7.1)
Thrombaophlebitis 1(2.7) 3(4.4) 0(0.0) 1(7.1)
Low risk 14 (37.3) 24 (35.3) 0.796 13 (46.4) 13 (46.4) 1.000
Urinary tract 3(8.1) 2(29) 3{10.7) 1(3.6)
Central line related 4 (10.8) 9(132) 4(14.3) 5 (17.9)
Biliary 6 (16.2) 12 (17.6) 6{21.4) 7 (25.0)
Severity of iliness
ICU admission 12 (324) 11(16.2) 0.054 7(25.0) 7 (25.0) 1.000
APACHE I gcore, points 18.4 (6.5) 227 (12.7) 0.491 225 (16.3-26.0) 15.0{11.0-30.0) 0714
Septic shock 19 (514} 13(19.1) 0.001 10 (35.7) 10 (35.7) 1.000
Vasoactive drugs 16 (43.2) 14 (20.8) 0014 8(28.8) 9 (32.1) 1.000
Mechanical ventilation 2(32.4) 13 (19.1) 0.126 7 (25.0) 9 (32.1) 0.768
Need for renal replacement therapy 4 (10.8} 2(3.0) 0.252 3{10.7) 1(3.6) 0.354
Pitt bacteraemia score, points 28(2.1) 1.7 (1.7) 0.004 2.0(1.0-2.0) 2.0(0.3-4.0 0.803
SOFA score, points 3(3.4) 3.8(32) 0.026 3.5123-5.8) 4.0 (1.0-7.0) 0.705
Leultocyte, x10° fuL 16.4 (10.4) 126 (12.4) 0.117 13.1 {6.8-17.6) 13.3 (4.3-18.5) 0.909
Creatinine, mg/DI 1.7 (1.2) 1.0 (0.9} 0.001 13(09-19) 0.8 (0.5-1.0) 0.004
Glomerular filtration rate, CKD-EPI, mLimin/1.73 m?  54.7 (31.3) 834.4 (30.3) 0.000 47.4{29.5-85.2) 82,6 (65.0-101.7) 0.011
Haemoglobin, g/dL 10.3 (2.0) 10.0 (1.8) 0.488 10.2 {86-11.5) 9.9 (8.8-11.0) 0.870
Platelet count, x10%/uL 245.2 (144.3) 221.2 {162.9) 0.465 2385 (1345-3915) 212.5 (108.0-309.8)  0.422
Previous antimicrohial use
Bela-lactam/bela-laclamase inhibilors 1(2.7) 8(11.8) 0.407 15 (53.6) 20 (71.4) 0.269
Cephalosporins 11297 36 (52.9) 0.022  8(286) 12 [42.9) 0.403
Carbapenems 20 (54.1) 35(51.5) 0.800 15 (53.6) 16 (57.1) 1.000
Fluoroguinolones 11 (297} 29 (42.6) 0,193 10 (35.7) 11 (39.3) 1,000
Glycopeptides 2 (5.4) 12 (17.6) 0078 2{7.1) 5 (17.9) 0422
Aminoglycosides 2 (5.4) 20 (20.4) 0004 2(7.1) 7 (25.0] 0.143
Daptomycin 2 (5.4) 1(1.5) 0.248 2{7.1) 1(3.6) 1.000
Linezolid 7 (18.9) 3(11.8) 0.317 5{17.9) 4 (14.3) 1.000
Metronidazole 5 (13.5) 18 (26.5) 0.125 1{36) 7 (25.0) 0.051
Colistin 4 (10,8} 2(2.9) 0.007  4{143) 1(3.6) 0352
Trimelhoprim/sullamethoxazole 6 (16.2} 6 (8.8) 0.255 6(21.4) 3 (10.7) 0.469
Fluconazol 5 (135} 14 (206) 0.368 5{17.9) 8 (28.6) 0.528
Echinocandins 2 (54) 10 (14.7) 0.091 2(7.1) 5(17.9) 0422

ICU. intensive care unit; COPD, cardiopulmonary disease; TPN, total parenteral nutrition: APACHE II, Acute Physiology and Chronic Health Evaluation; SOFA, Sepsis-related

Organ Failure Assessment; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration.

Data are presented as mean (standacd deviation) for the whele cohort and median (interquartile range) for the propensity score matched cohort, or as absolute number

(percentage).
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Table 2 28.6%), although this difference was not statistically significant,
Susceptibilities of 55 Enterococcus fuecinm isolates. perhaps due to the small sample size.
Linezolid (n 27)  Glycopeptides (n 28) P value The mortality attributable to GSEF-BSI was not recorded as it
Ampicillin MIC, pg/mL 0.963 was difficult to assess given the multiple comorbidities and the
-8 2(7.4) 2(7.1) high prevalence of polymicrobial bacteraemia.
=8 25 [92.6) 26 [92.9) Clinical data regarding the treatment of bacteraemia in VREF-
Linezolid MIC, pg/ml. BSI show contradictory results. Daptomycin, a bactericidal lipopep-
2 25 [92.6) 19/19 {100} 0.504 ide. has b | with 1 lid. T ; :
2 L 37) 0(00) 1000 tide, has been compared with linezolid. Two systematic reviews
4 1(3.7) 0(0.0) 1.000 and meta-a}'{alyses that incltld?d 967 ‘fmd 1188 pati_ents concluded
Vancomycin MIC, pg/mL that mortality rates may be higher with daptomycin [13,15]. Nev-
=1 16 (59.3) 21 (75.0) 0.259 ertheless, another study performed by Britt et ai. in 644 patients
=2 11 (40.7) 7(250) 0.259 found that treatment with linezolid was associated with higher
Teicaplanin MIC, pgfml Tinical fail d 30-d tality [6]. H - it should b
<1 27 (100} 27 (100) 1.000 clinical failure an -day mortality [6]. However, it shou e

MIC, minimum inhibitory concentration.
Data are presented as absolute number (percentage).

and glycopeptides in the treatment of GSEF-BSIL. The results show
that linezolid and glycopeptides have similar clinical cure rates,
microbiological eradication, mortality and attributable LOS without
significant differences in the rate of adverse events.

There is noe literature comparing the clinical outcomes of line-
zolid and glycopeptides for the treatment of GSEF-BSL In the in-
vitro study performed by Miyazaki et al., similar efficacy of line-
zolid and vancomycin was shown in a mice bacteraemia model,
although the isolate was vancomycin-susceptible E. faecalis [19].

Several factors make it difficult to compare previous published
data on GSEF-BSL Firstly, information available on antibiotic treat-
ment was not comparable since the antibiotics prescribed were
not described or different antibiotics were used in addition to
vancomycin, mainly beta-lactams with or without aminoglycosides
[9,29,32]. Secondly, the effectiveness and safety of antimicrobials
were not analysed in these studies as they assessed clinical char-
acteristics, incidence and outcomes without comparisen. Thirdly,
contrary to the present study, beta-lactams could be used because
sensitivity to ampicillin was preserved (40.0-70.0%); this did not
occur in the present series {7.1%) [9,32,3536]. Unfortunately, in
other published articles with a similar ampicillin susceptibility rate
(2.9-13.0%), clinical outcomes were not compared between differ-
ent antibiotics [31,37-39].

All-cause 30-day mortality of GSEF-BSI series was 35.7% in this
study, which is consistent with previous studies with a similar
ampicillin susceptibility rate that showed mortality of 25.0-35.0%
[29,31,37-39]. Interestingly, mortality rates were higher in the gly-
copeptide group (12/28, 42.9%) than in the linezolid group (8/28,

Table 3

noted that most of these are retrospective studies, and there are
numerous differences in terms of definitions, initial severity of ill-
ness and antibiotic dosages, especially for daptomycin. In fact, a
change in the sensitivity cut-off for daptomycin is being consid-
ered for pharmacodynamic reasons [40].

Historically, the use of bactericidal antibiotics has always been
preferred due to the belief that they can kill micro-organisms,
while bacteriostatic agents only inhibit their growth. However, this
fact has been questioned recently in a systematic review of 56 ran-
domized clinical trials that compared the clinical efficacy of bac-
teriostatic vs bactericidal antibiotics in serious infections, includ-
ing bacteraemia. In the global analysis, no differences were found
in 49 studies, the bacteriostatic agent was superior in six studies,
and the bactericidal agent was superior in one study; in the latter
case, the differences could be explained due to possible underdos-
ing of the bacteriostatic drug [41]. This fact may explain the similar
effectiveness found in the present study as well as in other BSI,

As linezolid plasmatic levels were not performed until 2011, sig-
nificant differences were observed in the performance of plasma
levels of both antibiotics. The impact of this fact is uncertain, al-
though it could have some influence in the rate of adverse events.

Linezolid could therefore be an alternative to vancomycin for
the treatment of GSEF-BSL In addition to being an effective choice
in patients with renal impairment or allergy or intolerance to gly-
copeptides, the use of linezolid could lead to a faster switch from
the intravenocus to the aral route, which has heen associated with a
reduction in LOS and in intravenous-line-associated complications
[42].

This study has several limitations. This was a non-randomized
retrospective observational study, but through the propensity score
matched analysis, the authors tried to reduce the potential bias

Comparison of clinical cutcomes of patients treated with linezolid or glycopeptides for glycopeptide-susceptible

Enterococcirs faecim bacteraemia.

Linezolid {(n 28) Glycopeptides (n 28) Qdds ratio (95 % Cl) P value
Clinical data
Cure at EOT 16 (57.1) 13 (46.4) 1.54 (0.54-4.42) 0.593
Cure at 14 days 6 (21.4} 6{21.4) 1.00 (0.28-3.58) 1.000
Need for salvage therapy 8 (286} 7{25.0) 0.83 (0.25-2.73) 1.000
Time to defervescence, days 0 (0.0-1.0} 0(0.0-2.0) - 0.285
Microbiological dale
Eradication 22 (786) 20(71.4) 0.68 (0.20-2.38) 0.758
Relapse 2(7.1] 1(36) 0,45 (0.04-5,64) 1,000
Superinfection 18 (64.3) 13 (46.4) 0.48 (0.17-1.41) 0.282
Persistent bacteraemia 0(0.0) 2(7.1) 045 (0.37-64) 0.491
Maortality
7-day 1(36) 6{21.4) 7.36 (0.80-65.8) 0.101
30-day 8 (28.6} 12 (429) 1.88 (0.62-5.70) 0.403
In-hospital 13 (46.4) 14 (50.0) 115 (0,40-3.29) 1,000
Attributable LOS, days 18.0 (14.0-26.0)  17.0 {13.0-26.5) - 0924
Haospital LOS, days 425 (26.0-74.5) 38.5{23.5-63.8) - 0.385
Readmissicn 6214} 4{14.3) 0611 (0.15-2.46) 0.729

EOT, end of treatment; LOS, length of stay.
Data are presented as median (interquartile range) or as absolute number {percentage).
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Table 4
Adverse events by antibiotic treatment for glycopeptidle-susceptible Enterococcus fuecium bacteraemia.
Qutcome Linezolid {n 28)  Glycopeptides (n 28)  Odds ratio (95 % CI) P value
Any adverse event 14/26 (53.8) 16/27 (59.3) 125 (0,42-3,70) 0.785
Attributable adverse event 13/26 (50.0) 12/27 (44.4) 0.80 (0.27-2.38) 0.786
Discontinuation of treatment 326 (11.5) 5/27 (18.5) 1.74 (0.37-8.18) 0.704
Nausea and vomiting 4/26 (15.4) 0/27 (0.0) (.45 (0.33-0.61) 0.051
Diarrhoea 326 (11.5) 2/27 (7.4} 0.61 (0.08-4.01) 0.669
Nephrotoxicity 3425 (12.0) 5/27 (185} 1.67 0.705
No toxicity 22/25 (88.0) 22/27 (81.5) (0.35- 0.215
R 1/25 (4.0 4127 (14.8) 7.84}
F 2/25 (8.0 0/27 (0.0)
L 0/25 (0.0) 1/27 (3.7}
Thrombocytopenia 12/25 (48.0) 7)26 (26.9) 0.40 (0.12-1.29) 0.153
Final platelet count -100.000/mm®  10/25 (40.0) 7)26 (26.9) 0.55 (0.17-1.80) 0.382
Anaemia 1)25 (4.0) 5/26 (192} 571 (0.62-52.90) 0191
Final lactic acidosis (=2.2 mmol/L) 2{3 (66.7) 1/5 (20.0) 0.13 (0.01-3.23) 0.464

R, Risk; F, Failure; L, Loss.
Data are presented as absolute number (percentage).
Renal toxicity was assessed through RIFLE criteria,

Thrombocytopenia was defined as a decrease in platelet count to =75% of baseline.
Anaemia was defined as a decrease =2 gfdL in haemoglobin concentration from baseline.

and achieve an analysis with similar cohorts. Given the difficulty
of obtaining monomicrobial bacteraemia caused by E. faecium, a
global analysis with both polymicrobial and monomicrobial bac-
teraemia was undertaken. Although this fact could have affected
the outcomes, no differences were observed between the groups
in the prevalence of polymicrobial bacteraemia or the differ-
ent isolated micro-organisms. In addition, all concemitant micro-
organisms were treated appropriately in terms of spectrum, dosage
and source control, Although the initial analysis included 105 pa-
tients, the attempt to adjust the possible confounding factors as
much as possible resulted in a small final sample. Nevertheless,
this study used 12 years of data from the study institution and, to
the authors' knowledge, is the first study to compare the clinical
outcomes of both antibiotics in the treatment of GSEF-BSI,

5. Conclusion

Treatment with either linezolid or glycopeptides presented sim-
ilar clinical outcomes in terms of clinical cure, mortality and mi-
crobiological eradication for the treatment of GSEF-BSI with a sim-
ilar safety profile. Linezolid treatment seems to be an appropriate
alternative to vancomycin for the treatment of GSEE-BSI.
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Abstract: Background: Ampicillin resistant and glycopeptide susceptible Enterococcus faecium blood-
stream infection (GSEE-BSI) incidence has risen. However, the treatment of choice remains unknown.
Daptomycin use for the treatment of enterococcal infections has increased, despite effectiveness
and safety concerns. The objective was to compare the effectiveness and safety of daptomycin and
glycopeptides in the treatment of GSEF-BSI. Methods: This was a single-centre, retrospective obser-
vational cohort study performed at Hospital del Mar (Barcelena, Spain), from January 2006-May
2018. The primary outcome was clinical cure at the end of the therapy, and secondary outcomes
included 14-day, 30-day, in-hospital mortality, and length of stay. Results: From a total of 192 patients
with GSEF-BSL, 54 (28.1%) were treated with glycopeptides and 17 (8.9%) with daptomycin. Patients
treated with daptomycin presented a lower clinical cure than patients treated with glycopeptides
(58.8% vs. 83.3%, RR 0.416 (95% CI 0.189-0.915)). After controlling for confounding variables
by means of multivariate analysis the significative difference was confirmed (aOR 4.313, 95% Cl,
1.053-17.660). The need for treatment discontinuation due to adverse events was similar. Conclusions:
Patients with GSEF-BSI treated with glycopeptides showed a higher clinical cure than those treated
with daptomycin.

Keywords: Cnterococcus faeciunt; bloodstream infection; bacteraemia; daptomycin; glycopeptides; van-
comycin

1. Introduction

Enterococci are ubiquitous Gram-positive bacteria that have been isolated from a
wide variety of places, including the gut microbiota [1]. Although these microorganisms
are considered commensal organisms of the gastrointestinal tract, they can cause serious
infections such as bloodstream infections (BSI) or endocarditis, and have emerged as im-
portant nosocomial pathogens [1,2]. They are the second most common cause of healthcare
associated infections in Europe and the United States of America (USA) [1].

Currently, there are two main species among enterococci that can cause infections:
Enterococeus faccalis and Enterococcus faecium [1]. Although E. faecalis is more virulent and is
the main enterococci involved in human infections, the incidence of E. faecium infections is
rising [1]. Concerning enterococcal bacteraemia, its incidence is increasing, especially that
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of E. faecium, which presents a worrisome annual increase of 19% in Europe [3]. Enterococcal
BSI mortality ranges from 14-50%, being higher in the case of E. faecium compared to
E. faecalis 12,4,5]. Specifically, ampicillin resistant and glycopeptide susceptible E. faccinm
(GSEF)-BSI mortality is 25-35% [6], whereas vancomycin resistant strains present a higher
mortality [7].

Among the potential reasons for their success in the hospital remain their intrinsic
resistance to many antimicrobials, their capacity to acquire new resistant traits, their ex-
traordinary capacity to survive in hostile environments (they can survive for long peri-
ods on medical equipment, bed rails and doorknobs) and their genome plasticity [1,8].
They are in fact tolerant to disinfectants, heat, chlorine and some alcohol preparations [8].
Enterococci are resistant to many antimicrobials, including clindamycin, trimethoprim-
sulfamethoxazole or aminoglycosides [1]. Whereas E. faecalis is normally susceptible to
beta-lactams as ampicillin, E. faecfum presents a higher antimicrobial resistance, being nor-
mally resistant to beta-lactams [1]. One of the concerns of E. fuecium is its resistance to
glycopeptides, which varies across the world [1]. Tn 2019, 86.8% of E. faecium isolates were
ampicillin-resistant in Spain, whereas only 1.2% showed vancomycin resistance [9].

Despite this increasing incidence and high mortality, the treatment of choice of GSEF-
BST has not yet been elucidated. Vancomycin remains the first-line therapy based on its
bactericidal action, although it presents important drawbacks: the need of intravenous
infusion and therefore limitation of treatment in outpatient sctting, therapeutic drug mon-
itoring (TDM), side effects (mainly nephrotoxicity, but alse red-man syndrome} and a
slow bactericidal activity [10,11]. Although its bacteriostatic action, linezolid is a potential
alternative although evidence on its use is scarce [6]. This oxazolidinone can be admin-
istered through oral route, although it also needs for TDM and shows an unfavourable
safety profile (thrombocytopenia, anaemia, neuropathy) especially in long treatments [10].
Daptomycin is an appealing option in the treatment of bacteraemia given its rapid bacteri-
cidal action [12]. However, although daptomycin use has risen for enterococcal infections,
data on the use of this antimicrebial for the treatment of GSEF-BSI are lacking [1,13,14].

Daptomycin has been mainly studied in the treatment of vancomycin-resistant E. fac-
ciun BSL, showing controversial results when compared to linezolid [7,13,15]. Daptomycin's
breakpoints, its optimal dose and the risk of resistance development along the treatment
are some of the concerns associated with this antibiotic [14,16]. The European Committee
on Antimicrobial Susceptibility Testing (EUCAST) Steering Comumittee recognized the
remaining uncertainties of daptomycin in the treatment of enterococcal infections, advis-
ing an increased vigilance even with the use of high-dose daptomycin due to efficacy and
safety concerns [14].

Therefore, the treatment with daptomycin for enterococcal infections may not be as
effective as expected. Due to the concerns of potential treatment failures with this antibiotic,
the objective of this study was to assess the effectiveness and safety of daptomycin in the
treatment of GSEF-BSI compared to glycopeptides.

2. Results

A total of 192 patients presented a positive blood culture with GSEF during the study
period (Table 1).

One hundred and twenty-one patients were excluded as they did not receive an
active treatment (29, 24.0%), received antibiotics less than 48 h (35, 28.9%), or were treated
with other antibiotics (57, 47.1%). Finally, 71 (37.0%) patients were treated either with
glycopeptides (54, 28.1%) or daptomycin (17, 8.9%) and were included in the final analysis.
From the 54 patients treated with glycopeptides, 6 (11.1%) received teicoplanin, while the
rest were treated with vancomycin. Figure 1 summarised the study flow chart.
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Table 1. Baseline and clinical characteristics of the 192 patients diagnosed of Enferococetts fie-

cfum bacterasmia.

Whole Cohert (1 =192)

Age, years 69.0(64.0-78.0)
<50 years 19 (9.9)
50-75 years 105 (54.7)
>75 years 68 (354)
Female 54 (28.1)
Weight, kg 68.6 (59.0-80.2)
Body Mass Index, kg/m2 24.6(23.0-29.1)

Medicalfsurgical status

Medical status 114 (59.4)
Surgical status 78 (40.6)
Means of acquisition

Community acquired 17 (8.9)
Healthcare acquired 35(18.2)
Nosocomial 140 (72.9)
Comorbidities

Charlson comerbidity index 2.0 (0.0-2.0)
Diabetes Mellitus 77 (39.6)
Arterial hypertension 114 (59.4)
Cardiopathy h3 (27.6)
Liver cirrhosis 19(9.9)
Solid tumor 58 (30.2)
Renal transplantation 11(5.7)
Immunosuppression 86 (44.8)
Chemotherapy 33(17.2)
Corticosteroids 72 (37.5)
Chronic kidney disease 36(18.8)
Clinical presentation

Septic shock 56(29.2)
SOTA score 3.0 (1.0-6.0)
SOFA > 2 124 (64.5)
Vasoactive drugs 52(27.1)
Mechanical ventilation 47 (24.5)
Pitt bacteraemia score 2.0(1.0-3.0)
Creatinine, mg/dL 0.9 (0.6-1.4)
Glomerular filtration rate, mL/min/1.73 m2 79.1 (46.0-99.3)
Albumin, g/dL 2.7 (22-3.2)
Source of bacteraemia

High visk 110(57.3)
Abdominal 62(32.3)
Unknown 25(13.0)
Respiratory tract 10(5.2)
Endocarditis 1(0.5)
Thrombophlebitis 4(2.1)
Skin and soft tissuc 8(4.2)
Low risk 82(42.7)
Urinary tract 18 9.4)
Catheter related 26 (13.5)
Biliary 38(19.8)

Data are represented as median ((Q1-(23) or in absolute numbers (percentage).
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Retrospective Assessed for eligibility (n=192)
cohort study
(January 2006- Excluded (n=121)
May 2018) « Did nol receive active treatment (n=28)
— « Less than 48 hours of antibiotics (n=35)
+ Treatment with other antibiotics (n=57)
Linezolid (n= 40)
Beta-lactams (n=11)
Tigecycline (n=4)
Analysed (n=71) Fosfomycin {n=1)
l Levofloxacin (n=1)

v
Allccated lo glycopeptides (n=54) Allocated to daptomycein group (n=17)
l | Follow-up |
r
All patients completed the follow-up All patients completed the follow-up

[ Analysis ]

Analysed (n=54) Analysed (n=17)

Figure 1. The study flow chart in line with the STROBE: 192 patients were initially assessed for eligibility, of which 121
were excluded. Finally, 71 patients were analysed, 54 in the group allocated to glycopeptides and 17 in the group allocated
to daptomycin. All patients completed the follow up. STROBE: (Strengthening the Repaorting of Observational Studies in
Epidemiology).

Table 2 showed the baseline and clinical characteristics of analysed patients. The me-
dian age was 68.0 (56.0-78.0) years, most of the included patients were male and hospi-
talized in medical wards. Charlson Comorbidity Index was 2.0 (0-2.0), with both groups
presenting similar comorbidities excepting for a higher incidence of chronic kidney disease
in the daptomycin group (9.9% vs. 47.1%, p = 0.005).

Concerning clinical presentation, 8 (11.3%) patients were diagnosed of septic shock and
10 {14.1%) were mechanically ventilated. SOFA and Pitt bacteraemia scores were 3.0 (1.0-5.0)
and 1.0 (0.0-2.0), respectively. No differences were found in the clinical presentation,
apart from a worse creatinine and glomerular filtration rate in the daptomycin group.
Most of the bacteraemia were of high risk, being the main scurces of infection intra-
abdominal, biliary and catheter related.

The incidence of polymicrobial bacteraemia was similar among groups (27.8% vs.
35.3%, p = 0.556). The main concomitant microorganisms were Enterobacterales, (66.7%
vs. 5{0.0%, p = 1.000), followed by other gram-positive cocci (20.0% vs. 0%, p = 1.000)
and Candida spp. (0% vs. 1%, p = 0.105). All these patients received adequate in vitro
antimicrobial therapy to treat these microorganisms.

No differences were found in the inadequate empirical treatment rate between both
cohorts (72.2% vs. 52.9%, p = 0.200), nor in the time until appropriate treatment: 2 (1.0-4.0)
vs. 2 (0—4.0) days (p = 0.907).
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Table 2. Baseline and clinical characteristics of patients diagnosed of Enferococcus faecitm bacteraemia treated with gly-

copeptides or daptomycin.

Glycopeptides (n = 54) Daptomycin (1 =17} p Value
Age, vears 67.5 (55.0-74.5) 74.0 (62.5-84.5) 0.166
<50 years § (14.8) 2(11.8)
50-75 years 33 (61.1) 7(41.2)
>75 years 13 (24.1) 8 (47.1)
Female 17 (31.5) 7 (41.2) 0.559
Weight, kg 65.0 (58.0-80.0) 70.0 (61.0-80.0) 0.350
Body Mass Index, kg/m? 24.6 (21.0-29.0) 25.2 (21.1-31.2) 0.450
Medical/surgical status 0.572
Medical status 36 {66.7) 10 (58.8)
Surgical status 18 (33.3) 7 (41.2)
Means of acquisition 1.000
Community acquired 2{3.7) 0
Healtheare acquired 12 (22.2) 4(23.5)
Nosocomial 40 {74.1) 13 (76.5)
Comaorbidities
Charlson comorbidity index 2.000.3-2.0) 1.0 (0-2.0) 0.222
Diabetes Mellitus 18(33.3) 9(52.9) 0.164
Arterial hypertension 29 (53.7) 11 (64.7) 0.577
Cardiopathy 12(22.2) 7(41.2) 0.207
Liver cirrhosis 7 (13.0) 2 (11.8) 1.000
Solid tumor 20 (37.0) 6 (35.3) 1.000
Renal transplantation 2{(3.7) 2(11.8) 0.241
Immunosuppression 25 (46.3) 8 (47.1) 1.000
Chemotherapy 11 (20.4) 4(23.5) 0.745
Corticosteroids 22.(40.7) 5(29.4) 0.745
Chronic kidney disease 11 (9.9) 8 (47.1) 0.005
Clinfcal presentation
Septic shock 7 (13.0} 1(5.9) 0.670
SOIA score 3.0 (1.0-5.0) 2.0 (1.0-6.5) 0.724
SOFA > 2 28 {51.9) 9(52.9) 1.000
Vasoactive drugs 7 (13.0} 3(17.6) 0.694
Mechanical ventilation 6 (11.1} 4(23.5) 0.237
Titt bacteracmia score 1.0 (0-2.0y 2.0(0.5-3.5) 0.181
Creatinine, mg/dL 0.8 (0.6-1.0) 1.2 (0.7-2.1) 0.009
;]]‘J’;“;f;lﬁ[ ;gt;a;‘““ rate, 86.3 (66.6-104.4) 59.0 (25.3-90.6) 0.018
Albumin, g/dL 27(2.333) 2.6(2.1-3.4) 0.842
Sensrce of bacteraemii
High risk 33(61.1) 7(41.2) 0.160
Abdominal 22(40.7) 1(5.9)
Unknown 5{9.3) 4(23.5)
Respiratory tract 1(1.9) 0(0)
Endocarditis 1{1.9) 0
Thrombophlcbitis 237 1(5.9)
Skin and soft tissue 2{(3.7) 1(5.9)
Lo risk 27 (38.9) 10 (58.8)
Urinary tract 1{1.7) 4(23.5)
Catheter related 7 (13.0} 3(17.6)
Biliary 11 (204) 3(17.6)

Data are represented as median ((31-Q3) or in absolute numbers (percentage}.

Among the 71 isolates, 4 (5.6%) were susceptible to ampicillin but were treated with
either with glycopeptides (2, 50.0%) or daptomycin (2, 50.0%). The median minimum
inhibitory concentration {MIC) of daptomycin was of 1.0 (0.5-2.0) mg/ L (clinical breakpoint
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of EUCAST: insufficient evidence [14]), whereas that of vancomycin was 1.0 (0.5-2.0) mg/L
(clinical breakpoint of EUCAST: 4 mg/L [17]).

Daptomycin dosage was 500.0 (375.0-700.0) mg/day [7.8 (5.8-9.2) mg/kg/day] and
was prescribed for a total of 6.0 (3.5-11.5) days. Vancomycin was administered at a
dose of 2000 (1625-2000) mg/day [29.9 (19.4-34.2) mg/kg/day] for 12.0 (6.0-14.8) days.
Vancomycin through levels were 10.8 (8.2-17.6) mg/L. All patients in the teicoplanin
group received 6 mg/kg/12h three doses and then 6 mg/kg/24h. Teicoplanin dosage
was 400.0 (400.0-650.0) mg/day (6.4 (5.0-9.7) mg/kg/day), with a treatment duration of
9.5 (8.8-18.0) days.

From a total of 5 patients diagnosed of urinary-tract GSEF-BSI, 4 cases (all in the
daptomyecin group) presented an indwelling catheter on the day of the episode and was
removed in all of them. Similarly, line was removed in all the patients diagnosed of
intravenous line-related BSL Concerning intra-abdominal, biliary, and wound infections,
there were no differences in the surgical source control among groups (p = 1.000).

2.1. Clintical Outcomes

Patients treated with daptomycin presented lower clinical cure compared to those
treated with glycopeptides [10 (58.8%) vs. 45 (83.3%), relative risk (RR) 0.416 (95% CI,
0.189-0.915), p = 0.048]. In the multivariate analysis, after adjusting for chrenic kidney
disease, creatinine, and infectious foci {high versus low risk), the clinical cure was signifi-
cantly higher with glycopeptides (aOR 4.313, 95% CI, 1.053-17.660). Main outcomes were
summarised in Table 3.

Table 3. Comparison of clinical outcomes according to treatment group in patients diagnosed of vancomycin-susceptible
Enterococcus faeciumt bacteraemia.

Glycopeptides (z = 54) Daptomycin {(# =17)  Relative Risk (95% CI) p Value
Clirifcal outcomes 45 (83.3) 10 (58.8) 0416 (0.189-0.915) 0.048
Clinical cure at the end
of therapy
Time to defervescence, 1(0-2.0) 1(0-2.0) - 0.881
days
Mortality
14-day mortality 1(1.9) 2(11.8) 0.331 (0.132-0.827) 0.140
30-day mortality 7(13.2) 4(23.5) 0.606 (0.242-1.516) 0.443
Tn-hospital martality 12 (22.6) 6(35.3) 0.645 (0.275-1.467) 0.346
Microbiological data
Eradication 51 (94.4) 11 (64.7) 3.758 (1.852-7.624) 0.005
Relapse 3(5.6) 2(11.8) 0.568 (0.178-1.816) 0.587
Superinfection 27 (50.00 11 (64.7) 0.628 (0.261-1.512) 0.404
Hospital LOS, days 39.0 (21.8-61.3) 48.0 (29.0-112.5) - 0.133
Readmissions 18 (34.0) 6(35.6) 0.957 (0.403-2.269) 1.000

Data are represented as median (Q1-Q3) or in absolute numbers (percentage). CI: confidence interval; LOS: length of stay.

The reason for treatment failure was the lack of clinical improvement according to the
responsible physician criteria in all the cases. No differences were found in terms of time
to defervescence, 14-day, 30-day, and in-hospital mortality, although 14-day mortality was
lower in the glycopeptides group (1 (1.9%) vs. 2 (11.8%), RR 0.331 (95% CI 0.132-0.827)).

Patients treated with glycopeptides showed higher microbiological eradication com-
pared to those treated with daptomycin (51 (94.4%) vs. 11 (64.7%), RR 3.758 (95% CI,
1.852-7.624), p = 0.005). These results were maintained in the multivariate analysis after
adjusting for chronic kidney disease, creatinine, and infectious foci, with an aOR of 14.766
(95% CI 2.305-94.588). Hospital length of stay in patients treated with daptomycin was
higher [39.0 (21.8-61.3) vs. 48.0 (29.0-122.5), p = 0.133], although did not achieve statis-
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tical significance. No other differences were found concerning relapse, superinfection,
or readmissions.

2.2. Safety

Glycopeptides and daptomycin presented a similar rate of adverse events or need
fer treatment discontinuation. Patients treated with glycopeptides presented a higher
incidence of gastrointestinal side effects (nausea and vomiting: 5.8% vs. 0%, p = 1.000;
diarthoea 7.7% vs. 0%, p = 0.566). The incidence of nephrotoxicity (16.0% vs. 6.3%,
p = 0.436), thrombocytopenia (28.0% vs. 31.3%, p = 0.743), anaemia (8.2% vs. 0%, p = 0.565),
and creatinine phosphokinase elevation (33.3% vs. (%, p = 1.000) was similar among groups.
No other rarer events as red-man syndrome, rhabdomyolysis or eosinophilic pneumonia
were reported. The incidence of side effects was shown in Table 4.

Table 4. Side effects by antimicrobial treatment for vancomycin-susceptible Entterococcus faeciun bacteraemia.

Glycopeptides (# =54)  Daptomycin (# =17)  Relative Risk (95% CI) p Value
Any side cffect 26/52 (50.0) 5/16 (31.3) 1.843 (0.718-4.734) 0.254
Discontinuation of
teatment 4/52(7.7) 0(0) - 0.566
Nausea and vomiting 3/52(5.8) [eX ()] - 1.000
Diarrhoea 4/52(7.7) 0(0) - 0.566
Nephrotoxicity 8/50 (16.0) 1/16 (6.3) 2.368 (0.355-15.807) 0.436
R 6/50 (12.0) 0
F 1/50(2.0) 0
L 1/50 (2.0) 1(5.9)
Thrombocytopenia 14/50 (28.0) 5/16 (31.3) 0.889 (0.357-2.216) 0.743
Anaemia 4/49(5.2) [eX (W] - 0.565
Creatinine
phosphokinasc 1/3(33.3) 0/3() - 1.000
elevation

Data are represented in absolute numbers (percentage). Cl: confidence interval; R: risk; F: failure; L: loss.

3. Discussion

The increase in the incidence of E. faeciim bacteraemia as well as its high mortality
make the study of this disease essential [3]. In this work we tried to elucidate the existing
controversies about the use of daptomycin for GSEF-BSI. To the best of our knowledge,
this is the first study assessing the treatment outcomes of daptomycin in the treatment of
GSEF-BSI. In our study, the treatment with daptomycin showed a lower rate of clinical
cure compared to glycopeptides, mainly due to the lack of clinical improvement. However,
the mortality rate was similar between both groups.

Concerns about the effectiveness of daptomycin in the treatment of enterococcal bac-
teraemia have already been discussed based on available data with vancomycin-resistant
strains [14]. In two meta-analyses of retrospective observational studies comparing dap-
tomycin and linezolid for the treatment of vancomycin-resistant E. faecium bacteraemia,
linezolid seemed to present a lower 30-day mortality, but these results were challenged
in the highest retrospective observational study published where this oxazolidinone was
associated with a higher risk of treatment failure and 30-day mortality [7,15]. Unfortunately,
data on the outcomes of different treatments of GSEF-BSI are scarce, and the outcomes of
daptomycin in this setting have never been studied.

In our study, although the small sample size, a higher risk of treatment failure was
found in patients treated with daptomycin. Furthermore, a higher incidence of 14-day mor-
tality was observed, which was not statistically significant probably due to the low sample
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size. Several reasons may explain these findings: daptomycin dosage, the breakpoints,
and the risk of resistance development [14].

The optimal dosage of daptomycin for enterococcal bacteraemia remains unknown.
It is likely that even with high doses (10-12 mg/kg/day) required pharmacokinetic/ phar-
macodynamic (PK/PD) targets are unachievable without safety issues with
MICs > 2mg/L [14]. From a PK/PD perspective, a free drug area under the plasma
concentration—time curve to MIC ratio (fAUC/MIC} > 27.43 h.mg/L has been associ-
ated with 30-day survival in low acuity patients [18,19]. A dose of 6 mg/kg/day achieved
a probability target attainment (PTA) > 90% only with MICs < 1 mg/L, whereas an optimal
PTA for a MIC of 2 mg/L could only be achieved with 12 mg/kg/day [18]. Higher rates
of microbiological failure and mortality have been reported in BSIs caused by L. faecium
strains with daptomycin MIC 3-4 mg/L when treated with daptomycin [20,21]. In fact, two
recent studies found that no dose presented an acceptable PTA against a MIC of 4 mg/L in
the Monte Carlo simulation [22,23]. When MICs of 24 mg/L were analysed, a fixed dose of
1500 mg daily was needed for > 90% PTA, but this dosage carried an undue risk of toxicity
as was associated with an increased 24.5-80.5% risk of achieving a Cmin > 24.3 mg/L [24].

Based on these data, the CLSI revised the daptomycin breakpoints for Enterococcus
spp. and established that all the MICs < 4 mg/L should be reported as SDD (susceptible
dose dependent), based on a dosage regimens of 8-12 mg/kg/day [25]. The EUCAST
changed their breakpoints to insufficient evidence [14].

In our study the median daptomycin dose was near 8 mg/kg/day. Although this
dose could play a role in the outcomes as doses > 9 mg/kg/day were related to a sur-
vival benefit and the risk of emergence of resistance [16,26,27], the CLSI recommends
8-12 mg/kg/day [25]. In addition, the median MIC was 1 mg/L, so this dosage may have
been sufficient.

Another important drawback of daptomycin is the resistance development during
the treatment, mainly due to changes in the LiaFSR regulatory system [28]. EBighty per-
cent of E. faecium isolates with MICs between 3—4 mg /L harbour changes in this system,
whereas these substitutions are rarely found in strains with lower MICs [28]. The size of
the inoculum may also play a role [27].

To overcome these limitations, the use of combination therapy with f-lactams has been
recommended based on in vitro data [29]. The treatment with these family of antibiotics
may reduce the MIC to daptomycin, facilitating the achievement of optimal PK/PD indexes
even in daptomycin-resistant strains, through the use of lower doses with an acceptable
safety risk [28,29]. The addition of ampicillin to daptomycin resulted in bactericidal
activity event at lower doses of daptomycin (8-10 mg/kg) in an in vitro biofilm model [28].
A murine model found that the addition of ampicillin in continuous infusion {but no
ertapenem or ceftaroline) to daptomycin was effective, synergistic and prevented the
development of resistance in the treatment of multidrug-resistant £. faecium infections [29].
Caution is nevertheless advised since the benefits of this synergy may be strain dependent
and therefore not universal [28].

In our study, patients treated with vancomycin presented a higher incidence of side
effects, mainly due to gastrointestinal side effects and nephrotoxicity. However, the need
for treatment discontinuation was not different. The difference in the length of treatment
may have played a role in these differences.

Based on the results of our study daptomycin was associated with limitations, and un-
til evidence from randomised controlled clinical trials are available, vancomycin should
be preferred over daptomycin for the treatment of GSEF-BSI. In cases of intolerance to
glycopeptides, linezolid could be considered if a deep-seated infection (endocarditis, throm-
bophlebitis) is ruled out. Although some concerns have been raised due to its bacterio-
static activity, linezolid has proven to be similar to vancomycin in terms of effectiveness
and safety in the treatment of GSEF-BSI or Staphylococcus aureus bacteraemia [6]. Dal-
bavancin and oritavancin are other potential options although clinical evidence on their
use is still scarce [30-32]. Daptomycin should only be used in the treatment of GSEF-BSI
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when no treatment options (glycopeptides, linezolid) remain available or deep-seated infec-
tions occur. In these exceptional cases, doses of up to 12 mg/kg/daily, a close toxicity and
therapeutic drug monitoring, an appropriate MIC determination and combination with con-
tinuous infusion of ampicillin could be considered to try to optimize treatment outcomes.

This study presents several limitations. It consists of a non-randemised single-centre
retrospective observational study, which is subject to their typical drawbacks. The indi-
cation bias could be present, although no significant differences were found in baseline
characteristics excepting from renal function. We acknowledge that a propensity-score anal-
ysis would have improved the quality of our work, although the low sample size prevented
us from carrying out such analysis. The existence of other potential confounding factors
not registered must be also considered. As expected, a significant incidence of polymi-
crobial bacteraemia was observed which may have influenced the outcomes. However,
due to the difficulty of finding patients with monomicrobial bacteraemia a mixed analysis
was performed, with all the concomitant microorganisms appropriately treated. We also
acknowledge the small sample size. However, we were limited by the incidence of this
infection in our centre. The number of included patients was low compared to the number
of years studied, but only 192 patients had at least one positive culture during the studied
period. Of this population, 121 had to be discarded based on the exclusion criteria. Finally,
throughout the entire period only 17 patients were treated with daptomycin. Although the
power of the study is limited by its small sample size, the finding of statistically significant
results suggests that these findings could be maintained with larger samples.

4, Materials and Methods
4.1. Study Desigi and Setting

This was a retrospective observational cohort study conducted from January 2006 to
May 2018 at the Hospital del Mar, a 420-bed university tertiary care hospital located in
Barcelona, Spain. The hospital includes two different intensive care units (ICU) with a
program for renal transplantation. All patients were followed-up for 3 months by electronic
records after hospital discharge or death. This study was reviewed and approved by
the ethics committee of the institution and followed the Strengthening The Reporting of
Observational Studies in Epidemiology (STROBE) statement guidelines [33].

4.2. Participants

We identified all adult patients (>18 years) with at least 1 positive blood culture for
GSEF through computer-generated microbiolegical data. Thereafter, electronic records
were reviewed, and patients were selected if they were treated more than 48 h with gly-
copeptides (vancomycin/teicoplanin) or daptomycin according to the responsible physi-
cian criteria. Patients were excluded if they did not receive antibiotic therapy or if they
received another antibiotic against GSEFE. In patients with multiple episodes only the first
cpisode was included.

Daptomycin, vancomycin and teicoplanin desages were adjusted by the responsible
physician according to the weight and renal function, with the possible recommendation
of the infectious diseases’” pharmacist or physician. Vancomycin plasmatic levels were
performed throughout the study period and were adjusted by clinical pharmacists.

4.3. Variables and Data Sottrces

Epidemiological data included age, sex, body mass index, hospitalization ward (medi-
cal or surgical), site of acquisition (community-acquired, healthcare-associated or nosoco-
mial [34]), underlying diseases and their severity according to Charlson index score [35],
immunosuppression, neutropenia and presence of devices (vascular or urinary catheter,
drainages). Clinical data included the source of bacteraemia, severity of illness and antimi-
crobial therapy. Severity of illness was assessed through the Pitt bacteraemia score [36],
Sepsis-related Organ Failure Assessment [37], diagnesis of sepsis and septic shock ac-
cording to the 2016 definitions [38] and need for mechanical ventilation on the day of the
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episode. In terms of antimicrobial therapy, empirical therapy, definitive treatment, time to
adequate therapy, length of definitive treatment and antibiotic-related adverse events were
recorded. All the variables were obtained by reviewing the electronic chart records.

4.4. Definitions

Bacteraemia was defined according to the Centre for Disease Control and Prevention
guidance [39]. Inmunosuppression was considered in patients receiving chemotherapy,
radiotherapy or other immunosuppressive drugs including corticosteroids during the
previous month. The source of bacteraemia was defined following both clinical and
microbiological criteria [39,40], and was classified into two groups: low risk (urinary tract,
vascular catheter and biliary tract) and high risk (all the others) [41].

Empiric therapy was deemed appropriate when at least one of the antibiotics was
active in vitro against E. faeciiomn [41]. Time to adequate therapy was defined as the days
until receiving an appropriate treatment.

Clinical cure was considered when patients presented a resolution of signs and symp-
toms of infection [13]. For this purpose, we also evaluated laboratory parameters as
C-reactive protein, procalcitonin, leucocytes and neutrophils. Otherwise, treatment fail-
ure was defined as the need for treatment change due to the persistence of infection,
death or toxicity [13]. Microbiological eradication was recorded when the last blood cul-
ture drawn after initiation of therapy was negative [13] or, if not available, when clinical
cure/improvement were achieved [6]. Persistent bacteraemia was defined as the isolation
of GSEF in blood cultures after > 72 h of adequate treatment and relapse was defined as
the isolation of positive blood culture after documented clearance within 30 days of index
culture [6]. Readmissions were recorded up to 3 months after the discharge. Side events
were defined as the development of an adverse event proven or suspected to be related to
the agent used after the initiation of the therapy [13]. Side effects were recorded according
to the information available in the medical records or analytics. Renal toxicity was assessed
through the RIFLE criteria [42], whereas thrombocytopenia was defined as the decrease in
the platelet count to < 75% from the baseline [6]. Anaemia was considered when a reduc-
tion > 2 g/dL in haemoglobin concentration was developed [6]. Creatine phosphokinases
(CPT) were measured at the discretion of the responsible physician. CPK elevation was
considered as an elevated value > 3 times the upper limit of normal in those with normal
baseline CPK and > 5 times the in those with elevated bascline CPK [24].

The primary outcome was the assessment of clinical cure at the end of the treatment.
Secondary outcomes included 14-day, 30-day and in-hospital mortality, time to deferves-
cence (time until fever returns to normal temperature), microbiological eradication, relapse,
and superinfection. Finally, hospital length of stay, readmission rates and treatment-related
side effects were also recorded.

4.5. Microbiology

Polymicrobial bacteraemia was considered when at least 1 non E. faecium species were
isolated from the same blood culture than the enterococcei [43]. The appropriateness of
antibiotic therapy against these concomitant microorganisms was recorded, considering ad-
equate when was active in vitro.

The EUCAST clinical breakpoints were applicated to determine the susceptibility to
the different antimicrobials [17]. The full susceptibility test was performed by microdilution
(MicroScan®, Mahwah, NJ, USA). The MIC of vancomycin, teicoplanin and daptomycin
were confirmed by gradient diffusion (E-test, bioMérieux@, Marcy-I’Etoile, France).

4.6. Statistical Analysis

The sample size was limited by the low number of patients that received daptomycin
over the study period. After the normality test of Kolmogorov-5mirnov, all the statistical
analyses were performed with non-parametrical tests. In the case of categorical variables,
these were presented as absolute numbers {percentages) and were compared using Fisher
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exact tests. Continuous variables were described as median (Q1-0Q3) and were analysed
by Mann-Whitney U test. Multivariate analysis was performed using a forward stepwise
logistic regression model.

A p <0.05 was considered statistically significant in all the analyses. Statistical analyses
were performed with IBM SPSS Statistics 22.0 (IBM Co., Armonk, NY, USA).

5. Conclusions

Treatment with daptomycin compared to glycopeptides resulted in a lower clinical cure
for GSEF-BSI, results that persisted after adjusting for confounding factors in the multivariate
analysis. Treatment with this lipopeptide was also associated with a lower microbiological
eradication. Both treatments showed a similar safety profile. Randomised controlled trials
are needed to determine the role of daptomycin in the treatment of GSEF-BSL
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5 RESUMEN GLOBAL DE LOS
RESULTADOS

En el presente trabajo se han obtenido resultados acerca de la
efectividad y seguridad de los diferentes antibiéticos utilizados en la

practica clinica habitual frente a la bacteriemia por EfRASV.

Para comparar los resultados clinicos de los pacientes tratados con
glucopéptidos y linezolid, se incluyeron inicialmente 105 pacientes
que presentaron bacteriemia por EfRASV. Tras realizar el
propensity-score matching, esta cohorte se redujo a un total de 56

pacientes (28 en el grupo de glucopéptidos y 28 en el de linezolid).

Al analizar los pacientes tratados con linezolid y glucopéptidos,
principalmente vancomicina, no se observaron diferencias
estadisticamente significativas en ninguno de los parametros
evaluados: curacion clinica al final del tratamiento (57,1% vs. 46,4%,
P=0,593), curacion clinica a los 14 dias del episodio (21,4% vs.
21,4%, P=1,000), erradicacion microbiolégica (78,6 % vs. 71,4 %,
P=0,758), mortalidad a los 30 dias (28,6% vs. 42,9%, P=0,403) o
estancia hospitalaria atribuible [18,0 (14,0-26,0) dias vs. 17,0 (13,0-
26,5) dias, P=0,924].

Sin embargo, se observd una mayor mortalidad a los 7 dias en los
pacientes tratados con glucopéptidos, a pesar de que no alcanzoé la

significacion estadistica.

A nivel de seguridad, no se observaron diferencias estadisticamente
significativas entre ambos tratamientos, tampoco en los efectos

adversos atribuibles ni en la necesidad de retirada del tratamiento
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como consecuencia de estos efectos. Unicamente se observé una
tendencia a un mayor numero de efectos adversos

gastrointestinales en el grupo de linezolid.

Por otro lado, también se analizaron los resultados clinicos de los
pacientes tratados con glucopéptidos y daptomicina. Para ello, se
incluyeron 71 pacientes, de los cuales 54 fueron tratados con

glucopéptidos y 17 con daptomicina.

A pesar del limitado tamafo muestral, se observd una curacion
clinica al final del tratamiento significativamente mayor en los
pacientes tratados con glucopéptidos en comparacion con
daptomicina (83,3% vs. 58,8%, P=0,048). Tras realizar el analisis
multivariado, estas diferencias se mantuvieron y la curacion clinica
fue significativamente mejor en aquellos pacientes tratados con
glucopéptidos. La erradicacion microbiolégica también fue
significativamente mayor cuando se compararon ambos grupos
(94,4% vs. 64,7%, P=0,005). Se observé una mayor mortalidad a los
14 dias (1,9% vs. 11,8%, P=0,140), a los 30 dias (13,2% vs. 23,5%,
P=0,443) y una mayor estancia hospitalaria: [39 (21,6-61,3) dias vs.
48,0 (29,0-112,5) dias, P=0,133] en los pacientes tratados con

daptomicina, aunque no se alcanzo la significacion estadistica.

A nivel de seguridad, no se observaron diferencias significativas en
los efectos adversos estudiados, a pesar de que hubo un mayor
numero de toxicidad gastrointestinal y nefrotoxicidad en el grupo de

los glucopéptidos.
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6 RESUMEN GLOBAL DE LA DISCUSION

Desde nuestro conocimiento, los presentes articulos son los Unicos
trabajos publicados que han evaluado la efectividad y seguridad de
las alternativas a los glucopéptidos en el tratamiento de la
bacteriemia por EfRASV. A pesar de las limitaciones de ambos
trabajos, se observd como linezolid podria ser una alternativa
terapéutica adecuada a vancomicina en el tratamiento de estas
infecciones, mientras que la utilizacion de daptomicina se asocié con

un mayor riesgo de fracaso terapéutico.

No existen estudios que hayan comparado los resultados clinicos
del tratamiento con linezolid y glucopéptidos en la bacteriemia por
EfRASV. A nivel in vitro, un estudio murino demostré que esta
oxazolidinona y vancomicina eran igualmente eficaces en un

modelo de bacteriemia por E. faecalis (117).

La literatura disponible sobre las bacteriemias por EfRASV se ha
centrado en cuestiones epidemioldgicas, factores de riesgo vy
resultados clinicos, pero sin analizar el impacto del tratamiento
antibiotico empleado. Ademas, existen otras limitaciones a la hora
de interpretar y aplicar esos datos, ya que hay mucha
heterogeneidad en relacion a los tratamientos empleados y se
utilizaron combinaciones de vancomicina con betalactamicos o
aminoglucésidos cuya practica estd desaconsejada hoy en dia
(43,60,61). Por ultimo, la sensibilidad a ampicilina fue variable y en
muchos casos superior a la de nuestro medio, por lo que a diferencia

de en Espana era posible la utilizacion de ampicilina (57,60,61,69).
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En nuestro trabajo no se observaron diferencias estadisticamente
significativas en ninguno de los resultados clinicos analizados. La
mortalidad a los 30 dias global fue de 35,7%, similar a lo reportado
en estudios previos (43—-45,56-58,61,63—69). Se observd una
mortalidad a los 7 dias superior en el grupo de vancomicina respecto
al de linezolid, aunque no se alcanzo la significacion estadistica

probablemente por el bajo numero de pacientes.

La utilizacion de linezolid en bacteriemias siempre se ha visto
cuestionada por su accion bacteriostatica. En infecciones invasivas
siempre se ha preferido la utilizacién de antibiéticos bactericidas,
debido a la creencia de que estos antibidticos pueden matar y
eliminar las bacterias mientras que los bacteriostaticos unicamente
inhiben su crecimiento (90). Sin embargo, en una revisién
sistematica de 56 ensayos clinicos, no hubo diferencias
estadisticamente significativas entre los antibidticos bactericidas y
bacteriostaticos en 49 ensayos, siendo el bacteriostatico superior en
6 y el bactericida superior en uno (90). Ademas, linezolid se ha
comparado frente a vancomicina o teicoplanina para el tratamiento
de las bacteriemias por otros microorganismos Gram-positivos
(incluyendo SARM), y en todos ellos se ha demostrado equivalente
a los glucopéptidos (90,91). Todos estos datos justifican los

resultados observados en nuestro trabajo.

En base a nuestros resultados y a la espera de los resultados de los
ensayos clinicos, linezolid podria constituir una buena alternativa a
los glucopéptidos en aquellos pacientes con insuficiencia renal o
alergia. Asi mismo, podria facilitar un paso mas precoz a via oral, lo
gue se asocia con numerosas ventajas (menor estancia hospitalaria

o0 menor incidencia de bacteriemias de catéter)(118).
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En el caso de daptomicina, de manera similar, desde nuestro
conocimiento este es el primer estudio que analiza y compara la
efectividad y seguridad de daptomicina con los glucopéptidos en el
tratamiento de EfRASV.

Como se ha comentado previamente, los estudios existentes sobre
las bacteriemias por EfRASV no han analizado los resultados
clinicos de las diferentes pautas antibidticas, incluyendo
daptomicina. En nuestro trabajo se observé un mayor riesgo de
fracaso terapéutico cuando se compard daptomicina con los

glucopéptidos.

Existe controversia sobre el papel de daptomicina en el tratamiento
de las bacteriemias por enterococos, principalmente basado en la
evidencia disponible en el tratamiento de cepas resistentes a
vancomicina (31). Dos meta-andlisis de estudios retrospectivos
observacionales demostraron un mayor riesgo de mortalidad a los
treinta dias con daptomicina en comparacién con linezolid (73,74).
Sin embargo, en el estudio retrospectivo con mayor numero de
pacientes incluidos los pacientes en tratamiento con daptomicina
presentaron un menor riesgo de fracaso terapéutico y mortalidad a

los treinta dias (92).

Se han descrito diversas razones que justifican el posible riesgo de
fallo terapéutico de daptomicina en el tratamiento de las
bacteriemias por enterococos: las dosis empleadas, los puntos de
corte y el riesgo de apariciéon de resistencias a lo largo del

tratamiento (31).
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Las dosis actualmente recomendadas en el tratamiento de esta
entidad son inciertas. El documento del EUCAST postula que la
utilizacién de las dosis habitualmente recomendadas de 10-12
mg/kg/24 horas probablemente sean insuficientes para el
tratamiento de cepas con CMI > 2 mg/L (31). De hecho, en
bacteriemias por E. faecium con CMI 3-4 mg/L se ha demostrado un
mayor riesgo de fallo microbiolégico y mortalidad (34,35,119). En el
caso de CMI de 2 mg/L, unicamente una pauta de 12 mg/kg/24

horas permitiria alcanzar los objetivos terapéuticos (119).

En base a toda esta evidencia, el CLSI modificé su punto de corte
de daptomicina para E. faecium, y establecié que CMI < 4 mg/L
deberian ser reportadas como sensibles dependientes de la dosis
(31,120). EI EUCAST modificé sus puntos de corte y los considerd
como EI (31).

La mediana de dosis fue 7,8 (5,8-9,2) mg/kg/24 horas. A pesar de
que estos datos podrian explicar un mayor riesgo de fracaso dado
que dosis > 9 mg/kg/24 horas se han asociado con un menor riesgo
de seleccion de resistencias y fallo terapéutico, esta evidencia se ha
demostrado en cepas resistentes a vancomicina y no en cepas
sensibles (75,121,122). De hecho, el documento de expertos
publicado recientemente recomendaba dosis de 6-8 mg/kg/24
horas, y el CLSI de 8-12 mg/kg/24 horas (21,31,120). Ademas, en
base a las CMI aisladas en nuestro trabajo, esta posologia deberia
haber sido suficiente, si bien no se hicieron niveles plasmaticos que

lo corroboren.

Otra de las posibles razones de fracaso terapéutico con daptomicina

es la posibilidad de seleccion de resistencias durante el tratamiento,
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principalmente debidos a mutaciones en el sistema LiaFSR (123).
Hasta un 80 % de cepas con CMI 3-4 mg/L han demostrado
presentar mutaciones a este nivel, mientras que en CMI menores

estas sustituciones son menos prevalentes (123).

Todas estas consideraciones parecen justificar los resultados
observados en nuestro estudio. Para poder sobreponerse a todas
estas limitaciones, se ha postulado que la combinacion de
daptomicina con betalactamicos (principalmente ampicilina) podria
disminuir la CMI a daptomicina, lo que permitiria una mayor
probabilidad de alcanzar los objetivos PK/PD utilizando dosis mas
bajas con un mejor perfil de seguridad (32,123,124). Asi mismo, esta
combinacion podria disminuir el riesgo de seleccién de resistencias
(32,123,124). Esta sinergia parece ser dependiente de la mutacion,
ya que mientras que ha sido observada en cepas con mutaciones
en LiaFSR, en cepas con mutaciones en YycFG2 no se ha
demostrado dicha sinergia (32).

A nivel de seguridad, se observé una mayor incidencia de efectos
adversos gastrointestinales y nefrotoxicidad en el grupo de
vancomicina, a pesar de que no se tradujo en una mayor retirada

del tratamiento por este motivo.

Por todo ello, y a pesar de las limitaciones del presente estudio, el
uso de daptomicina en la bacteriemia por EfRASV presenté un
mayor riesgo de fracaso terapéutico. Son necesarios ensayos
clinicos bien disefiados para determinar el posicionamiento de este
farmaco en el tratamiento de esta entidad. Hasta entonces, este
farmaco deberia ser utilizado unicamente cuando no existan otras

alternativas como linezolid o glucopéptidos, con dosis de 12
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mg/kg/24 horas, una monitorizacion clinica estricta incluyendo
niveles plasmaticos y la consideracion de utilizarlo de manera

combinada con ampicilina.

Este trabajo presenta numerosas limitaciones. En primer lugar, el
hecho de tratarse de estudios retrospectivos observacionales, no
randomizados, esta sujeto a numerosos sesgos de indicacion y de
seleccion, que han intentado minimizarse mediante el empleo del
propensity-score matching. En el trabajo de daptomicina no se pudo
realizar esta técnica dado el bajo numero de pacientes, por lo que
se ajusté mediante el analisis multivariado. En cualquier caso, no es
descartable la presencia de otros posible factores confusores. En
segundo lugar, dada la dificultad de seleccionar pacientes con
bacteriemia monomicrobiana, se incluyeron pacientes con
bacteriemia polimicrobiana. A pesar de que este hecho pudo afectar
los resultados, la prevalencia de la bacteriemia polimicrobiana y de
los microorganismos aislados fue similar, y todos los
microorganismos concomitantes fueron adecuadamente tratados.
Finalmente, el tamafio muestral es reducido, lo que también supone

una limitacion relevante.
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7 CONCLUSIONES

La utilizacibn de linezolid podria ser una alternativa
terapéutica efectiva y segura al empleo de glucopéptidos en
el tratamiento de la bacteriemia por E. faecium resistente a
ampicilina y sensible a glucopéptidos.

El empleo de daptomicina se asocioé con un mayor riesgo de
fracaso terapéutico. El uso de este antibiético deberia ser
limitado, y en caso necesario utilizarlo en las condiciones
adecuadas y con una estricta observacion.

Es necesario validar los resultados observados en estos

trabajos mediante ensayos clinicos bien disefiados.
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8 FUTURAS LINEAS DE INVESTIGACION

La presente tesis pone de manifiesto la ausencia de evidencia de
calidad en el tratamiento de la bacteriemia por EfRASV, por lo que
en primer lugar son necesarios ensayos clinicos correctamente
disefados que confirmen la evidencia disponible en estos estudios

observacionales.

El empleo de linezolid en este contexto podria ser interesante dado
el potencial paso a via oral, aunque seria necesario disponer de
estudios especificos que avalen esta practica, de manera similar a
lo que se dispone en bacteriemias estafilocécicas. Dado que el
incremento en la utilizacion de linezolid se ha asociado con un
mayor riesgo de resistencias, principalmente en estafilococos,
estaria indicado también estudiar cual es el potencial impacto de
este uso en la resistencia de los EfRASV de nuestro medio.

La utilidad de daptomicina en esta entidad también debe ser
determinada en los ensayos clinicos. Asi mismo, futuros estudios
deberian abordar la determinacion de la posologia mas adecuada,
la necesidad de monitorizacion de niveles plasmaticos, asi como la

necesidad del tratamiento combinado.

Desde el punto de vista de optimizacion del tratamiento
antimicrobiano global, teniendo en cuenta el entorno actual de
enfermedades infecciosas donde se realizan tratamientos de menor
duracion, seria interesante determinar la duracion de tratamiento
mas apropiada en esta entidad, que garantice la mayor efectividad

clinica con el menor riesgo de efectos adversos.



EPIDEMIOLOGIA, FACTORES DE RIESGO Y TRATAMIENTO DE LAS

BACTERIEMIAS PRODUCIDAS POR Enterococcus faecium

Otro de las cuestiones que también se deberian abordar es si la alta
mortalidad presente en las bacteriemias por E. faecium es atribuible
al enterococo o a otras causas. Asi mismo, seria interesante
terminar de dilucidar la importancia de la terapia empirica adecuada
en estas infecciones, dada la repercusion que tendria en los
tratamientos empiricos y el potencial riesgo de efectos adversos y

seleccidn de resistencias.

Por ultimo, otra posible linea incluiria el estudio de la utilidad de los

nuevos lipoglucopéptidos en el tratamiento de estas infecciones.
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