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$&,"'&L.,&$"'?0-+.$"+.)"/.$"5(+-&)%&$"7*&"3&)0,8);"

F"%.0.$"&//.$"%&)9."7*&"(9,(0&+&,"&/"'?0-+."7*&"$.="4.=6"5&,."$.:,&"%.0."&/"

7*&"'&"9*$%(,H("//&9(,"("$&,;"

N-" %&)9." (/9*)(" (5%-%*0" 7*&" '&" 4(=(" 5&,'-%-0." (3()2(," &)" '-" +(,,&,("

5,.1&$-.)(/" &" -)3&$%-9(0.,(6" $&" /(" 0&:." (" '-$" 5(0,&$;" #//.$" $*5-&,.)"

&0*+(,'&"+.)"$*"&L&'5/."&)"/("-'5.,%()+-("0&/"&$1*&,2.6"/("4.)&$%-0(06"="/("

0&0-+(+-@)"5.," /.$"0&'8$;"Q*&,.)"&$%.$" /.$"5,-)+-5-.$"7*&6"(>.$"0&$5*?$"="

$-)"$(:&,/."&//.$"R7*&".,:-%(:()"/&L.$"0&/"'*)0."0&"/("$(/*0R6"+,-$%(/-2(,H()"&)"

'-"3.+(+-@)"+.'."'?0-+.;"N-"(/9."0&"&$%.$"3(/.,&$"4("7*&0(0."&)"'H6"$&"/."

0&:."("&//.$;"

S."4(:,H("//&9(0."4($%("(7*H"$-)"G(,%(6"'-"'*L&,6")-"'-"4-L.6"B&0,.;"F"&//.$"/&$"

0&:."/($"-)+.)%(:/&$"4.,($"7*&"4(",&7*&,-0."&$%&"%,(:(L.6"="/.$"(:,(2.$"7*&"

$-&'5,&"'&"0&3./3-&,.)"(" +(':-." +*()0." //&9(:("(" +($(6"5.,7*&"$.)"&//.$"

/.$"7*&"'&"4()"$.$%&)-0."&)" /.$"'.'&)%.$"'8$"0-1H+-/&$"0&"&$%&"5,.=&+%.;"



!

T"
"

S*)+("/&$"5.0,?"(9,(0&+&,"/."$*1-+-&)%&"/("1.,%*)("0&"4(:&,"+.)$%,*-0."L*)%.$"

*)"4.9(,"(/"7*&"$-&'5,&"&$%.="0&$&()0."3./3&,6"="7*&"4("$-0.6"&)"0&1-)-%-3(6"

/(",(2@)"7*&"4("4&+4."7*&"%.0."&$%."'&,&+-&,("/("5&)(;"

"

"

 

 



	 U"

PRODUCCIÓN CIENTÍFICA RESULTANTE DE LA TESIS DOCTORAL 
 

F,%H+*/.$"+-&)%H1 -+.$V"

n G./-)(" J6"B&>(/3("W6"W-/RS(3(,,."GX6"B,(&)("J6" Y&5&" JF6"B?,&2RG.,&)."GF6"

Q&,,8)0-2"Z6"F/0(:@"K6"F9*-/(,"G6"E/:,-+4"B6"J-'?)&2RG&LH($"G#6"W($+@)"GY6"

F'(=(RX-//(," C6" S&%4" E6" C.0,H9*&2R<&,)8)0&2" GJ6" W*%-?,,&2RB-2(,,(=(" F6"

W(,)(+4.RG.)%&,."J6"G.)%&,."Z6"Z()."J6"B(/.'-)."J6"X(/&)+-("C6"[/3(,&2"C6"

Z.,0&,." #6" <&,,&,."G6" Z-$)&,.$" JG\" BCDEFG" %&(';" Y.)9RK&,'" D'5(+%" .1"

()" #0*+(%-.)(/" F)%-'-+,.:-(/" N%&](,0$4-5" B,.9,('" .)" <.$5-%(/R

F+7*-,&0" Z()0-0&'-(" ()0" G*/% -0,*9RC&$-$%()%" ^/..0$%,&('"

D)1&+%-.)$V" F" _*($-R#`5&,-'&)%(/" N%*0=" .1" D)%&,,*5%&0" K-'&RN&,-&$"

F)(/=$-$;" Z/-)" D)1&+%" a-$;" bcde" S.3" bf\UTgdbhVdffbRdfff;" 0.-V"

dc;dcf!i+-0i+-`Ufb;"

n G./-)("J6"S.9*&,"G6"Y&5&"JF6"B?,&2RG.,&)."GF6"F9*-/(,RW*-$(0."G6"Y($$."0&"

/("X&9("C6"B&>(/3("W6"Z,&$5.RC-3($"JZ6"W-/RS(3(,,."GX6"N(/3(0.,"J6"Z-$)&,.$"

JG;" Z/-)-+(/" -'5(+%" .1" ()" &0*+(%-.)(/" ()%-'-+,.:-(/" $%&](,0$4-5"

5,.9,('" ($$.+-(%&0" ]-%4" -)1&+%-.*$" 0-$&($&$" +.)$*/%(% -.)" %(,9&%-)9"

5(%-&)%$" ]-%4" +()+&,V" C&$*/%$" .1" (" fR=&(," 7*($-R&`5&,-'&)%(/" $%*0="

]-%4" ()" -)%&,,*5%&0" % -'&R$&,-&$" ()(/=$-$;" J" D)1&+%;" bcdf" N&5\efg!hVbcUR

bdd;"0.-V"dc;dcdUiL;L-)1;bcdf;ce;ccb;""

n G./-)(" J6" G.)%&,.RG(%&.$" #6" B,(&)(RN&9.3-(" J6" Y&@)RJ-'?)&2" #6" S(%&,(" Z6"

Y@5&2RZ.,%?$"Y#6"X(/-&)%&"Y6"C.$$.RQ&,)8)0&2"ZG6"<&,,&,."G6"F//&,RW(,+H("FD6"

Z()."F6"W*%-?,,&2RW*%-?,,&2"^6"G8,7*&2RW@'&2" D6"[/3(,&2RG(,H)"C6" D)1()%&"Z6"

C.+("Z6"X(/-&)%&RG?)0&2"F6"B(+4@)"J6"C&9*&,("JG6"Z.,2.Ra&/9(0."J#6"K.,,&R

Z-$)&,.$"J6"C.0,H9*&2R^(>."J6"Z-$)&,.$"JG;"N&3&)""#$%&% "dOR0(=$"+.*,$&"

.1" ()%-:-.% -+$" 1.," %4&" %,&(%'&)%" .1" :/..0$%,&('" -)1&+%-.)$" :="

#)%&,.:(+%&,(/&$;" F" ,()0.'-2&06" +.)%,./ /&0" %, -(/; " " bcbd" Z/-)-+(/"

G-+,.:-./9="D)1&+%-.)"g&)"5,&)$(h;"0.-V"dc;dcdUiL;+'-;bcbd;cf;ccd;"

"

"

https://academic.oup.com/cid/article/65/12/1992/4069913
https://academic.oup.com/cid/article/65/12/1992/4069913
https://www.journalofinfection.com/article/S0163-4453(19)30197-5/fulltext
https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X(21)00491-2/fulltext
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B.)&)+-($"="+.'*)-+(+-.)&$"&)"+.)9,&$.$V"

n J.$?" G./-)(6" G()*&/" S.9*&,6" J.$?" F)%.)-." Y&5&6" G()*&/(" F9*-/(,RW*-$(0.6"

G(,H(" F)%.)-(" B?,&2RG.,&).6" C.:&,%." Y($$." 0&" /(" X&9(6" W&,'8)" B&>(/3(6"

G(,H(" X-+%.,-(" W-/RS(3(,,.6" J(3-&," N(/3(0.,6" J.$?" G-9*&/" Z-$)&,.$;" D'5(+%."

+/H)-+." 0&" /($" -)%&,+.)$*/%($" 0&" #)1&,'&0(0&$" D)1&++-.$($"

($.+-(0($" (" *)" 5,.9,('(" 0&" .5%-'-2(+-@)" 0&/" *$." 0&"

()%-'-+,.:-().$"&)"*)("*)-0(0"0&"E)+./.9H("G?0-+("0&"*)"4.$5-%(/"

0&" %&,+&," )-3&/; " jDj" Z.)9,&$." 0&" /(" N.+-&0(0" F)0(/*2(" 0&" #)1&,'&0(0&$"

D)1&++-.$($;"W,()(0(6"bcde;"

n J.$?" G./-)(6" G()*&/" S.9*&,6" J.$?" F)%.)-." Y&5&6" G()*&/(" F9*-/(,RW*-$(0.6"

G(,H(" F)%.)-(" B?,&2RG.,&).6" C.:&,%." Y($$." 0&" /(" X&9(6" W&,'8)" B&>(/3(6"

G(,H(" X-+%.,-(" W-/RS(3(,,.6" J(3-&," N(/3(0.,6" J.$?" G-9*&/" Z-$)&,.$;" Y($"

-)%&,+.)$*/%($" 0&" #)1&,'&0(0&$" D)1&++-.$($" ($.+-(0($" (" *)" BCEF"

,&0*+&)" /(" '.,%(/ -0(0" =" '&L.,()" &/" *$." 0&" /.$" ()%-:-@% -+.$" &)" /.$"

5(+-&)%&$"+.)"+8)+&,;"jjDD"Z.)9,&$."S(+-.)(/"0&"/("N.+-&0(0"#$5(>./("0&"

#)1&,'&0(0&$"D)1&++-.$($"="G-+,.:-./.9H("Z/H)-+(;"^-/:(.6"bcdk;"

n J.$?" G./-)(6" G()*&/" S.9*&,6" J.$?" F)%.)-." Y&5&6" G()*&/(" F9*-/(,RW*-$(0.6"

G(,H(" F)%.)-(" B?,&2RG.,&).6" C.:&,%." Y($$." 0&" /(" X&9(6" W&,'8)" B&>(/3(6"

G(,H(" X-+%.,-(" W-/RS(3(,,.6" J(3-&," N(/3(0.,6" J.$?" G-9*&/" Z-$)&,.$;" F)"

&0*+(%-.)(/" ()%-'-+,.:-(/" $%&](,0$4-5" 5,.9,('" (00&0" %." D)1&+%-.*$"

a-$&($&$" &`5&,%$l" +.*)$&// -)9" -$" (:/&" %." ,&0*+&" '.,%(/ - %=" ()0"

-'5,.3&"()%-:-.% -+"*$&" -)"5(%-&)%$"]-%4"+()+&,;"bk%4"#*,.5&()"Z.)9,&$$"

.1"Z/-)-+(/"G-+,.:-./.9="()0"D)1&+%-.*$"a-$&($&$;"G(0,-06"bcdk;"

n J.$?" G./-)(6" G()*&/" S.9*&,6" J.$?" F)%.)-." Y&5&6" G()*&/(" F9*-/(,RW*-$(0.6"

G(,H(" F)%.)-(" B?,&2RG.,&).6" C.:&,%." Y($$." 0&" /(" X&9(6" W&,'8)" B&>(/3(6"

G(,H("X-+%.,-("W-/RS(3(,,.6"J(3-&,"N(/3(0.,6"J.$?"G-9*&/"Z-$)&,.$;"D'5(+%."0&"

*)" 5,.9,('(" &0*+(%-3." 0&" .5%-'-2(+-@)" 0&/" *$." 0&" ()%-'-+,.:-().$"

($.+-(0." (" -)%&,+.)$*/%($" 0&" #)1&,'&0(0&$" D)1&++-.$($" &)"

5(+-&)%&$" +.)" +8)+&,V" &$%*0-." +*($-R&`5&,-'&)%(/" +.)" $&,-&$"



	 m"

%&'5.,(/&$" -)%&,,*'5-0($;" lXD" Q.,." 0&" D)3&$%-9(0.,&$" 0&/" D^DN;" N&3-//(6"

bcbc;"

n J.$?" G./-)(;" a*,(+-@)" @5%-'(" 0&/" %,(%('-&)%." 0&" /(" :(+%&,-&'-(" 5.,"

&)%&,.:(+%&,-($;"C&$*/%(0.$"0&/" &)$(=." +/H)-+."N<ECK#S;"B.)&)+-("

&)"&/"lXDD"Q.,."0&"D)3&$%-9(0.,&$"0&/"D^DN;"N&3-//(6"bcbd;"

"

"

OTRA PRODUCCIÓN CIENTÍFICA RELACIONADA CON LA LÍNEA 

DE INVESTIGACIÓN  

"

F,%H+*/.$"+-&)%H1 -+.$V"

n C&%('(,"B;6"G(,%H)"GY6"G./-)("J"()0"0&/"F,+."F;"#3(/*(%-)9"%4&"7*(/- %=".1"

()%-'-+,.:-(/" 5,&$+,-:-)9V" -$" $%()0(,0-$(%-.)" 5.$$-:/&o" #)1&,'&0(0&$"

D)1&++-.$($" =" G-+,.:-./.9H(" Z/H)-+(;" bcd!" N&5\!d" N*55/" OVbTR!c;" 0.-V"

dc;dcdUiNcbd!RccTlgd!hecdbfRc;"

n Z-$)&,.$" JG\" S&%4" E\" W-/RS(3(,,."G!"# $%&%R!"#$%$&' !()' !"#*%$&R!"##$%%"& '(&

!"#$%#"& '(& )"$#*+,%-R!"#$%$&"'( )*+( ,-./.R!"##$%& '(& )$*+& ,(& -./"0%%12& 3(&

!"#$%"RZ(:,&,(" #6" ()0" G./-)(" J;" W/.:(/" D'5(+%" .1" ()" #0*+(%-.)(/"

F)%-'-+,.:-(/" N%&](,0$4-5" B,.9,('" .)" B,&$+,-:-)9" B,(+%-+&" -)" ("

K&,% -(,=" <.$5-%(/" Z&)%&,;" Z/-)-+(/" G-+,.:-./.9=" ()0" D)1&+%-.)6" bcdO"

J()\bcgdhVmbRm;"0.-V"dc;ddddidOUfRcUfd;dbdfd;"

n G./-)("J6"Z-$)&,.$"JG;"F"Z4()+&" %."Z4()9&" %4&"B(,(0-9'".1"E*%+.'&"

F$$&$$'&)%" .1" F)%-'-+,.:-(/" N%&](,0$4-5" B,.9,('$;" Z/-)" D)1&+%" a-$;"

bcdT"N&5"d\UdgThVmceRm;"0.-V"dc;dcf!i+-0i+-3OfU;"

n G./-)("J6"B&>(/3("W6"Y&5&"JF6"X(/&)+-("C6"W-/RS(3(,,."GX"()0"Z-$)&,.$"JG;"

S.3&/" D)0-+(%.,$" 1.," #)4()+-)9" %4&" Z/-)-+(/" E*%+.'&" G&%, -+$" .1"

F)%-'-+,.:-(/" N%&](,0$4-5" B,.9,('$;" D)1&+%" Z.)%,./" <.$5" #5-0&'-./;"

bcdm"J*)\!fgUhVeTmReTf;"0.-V"dc;dcdei-+&;bcdm;UT;"

https://www.sciencedirect.com/science/article/abs/pii/S0213005X13701290?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0213005X13701290?via%3Dihub
https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X(14)60201-9/fulltext
https://academic.oup.com/cid/article/61/5/807/304733
https://www.cambridge.org/core/journals/infection-control-and-hospital-epidemiology/article/novel-indicators-for-enhancing-the-clinical-outcome-metrics-of-antimicrobial-stewardship-programs/0BF9FBDDB0C55EB9BD7D2674A5DC1EC5
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n G(,%H)RW*%-?,,&2"W6"B&>(/3("W6"C*-2RB?,&2"0&"B-5(@)"G6"F9*-/(,"G6"W-/RS(3(,,."

GX6"B?,&2R^/()+." JY6" B?,&2RG.,&)."GF6"F'(=(RX-//(,"C6" Q&,,8)0-2RG-//@)"Z6"

W($+@)"GY6"W.=+.+4&(RX(/0-3-("pF6"J-'?)&2RG&LH($"G#6"S(3(,,."Ga6"Y&5&"

JF6"F/3(,&2RG(,H)"C6"S&%4"E6"W*-$(0.RW-/"F^6"D)1()%&Ra.'H)9*&2"Z6"G./-)("J6"

Z-$)&,.$" JG;" #11 -+(+=" ()0" $(1&%=" .1" (" +.'5,&4&)$-3&" &0*+(%-.)(/"

()%-'-+,.:-(/" $%&](,0$4-5" 5,.9,('" 1.+*$&0" .)" ()%- 1*)9(/" *$&;" J"

D)1&+%;"bcbc"G(,\mcg!hV!ObR!Of;"0.-V"dc;dcdUiL;L-)1;bcbc;cd;ccb;"

n W*-$(0.RW-/"F^6"D)1()%&Ra.'H)9*&2"Z6"B&>(/3("W6"B,(&)("J6"C.+("Z6"S(3(,,.R

F'*&0." Ga6" F9*-/(,RW*-$(0." G6" #$5-).$(RF9*-/&,(" S6" B.=(%.R^.,,&9." G6"

C.'&,.RC.0,H9*&2"S6" F/0(:@" K6" N(/%.RF/&L()0,&" N6" C*-2RB?,&2" 0&" B-5(@)"G6"

Y&5&"JF6"G(,%H)RW*%-?,,&2"W6"W-/RS(3(,,."GX6"G./-)("J6"B(+4@)"J6"Z-$)&,.$"JG;"

D'5(+%" .1" %4&" ZEXDaRdf" 5()0&'-+" .)" ()%-'-+,.:-(/" +.)$*'5%-.)"

()0" 4.$5-%(/R(+7*-,&0" +()0-0&'-(" ()0" '*/% -0,*9R,&$-$%()%"
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C.0,H9*&2RF,:./H" #6" W.)28/&2RZ('5.$" J6" C.0,H9*&2RK.,,&$" S6" G.)%&,.R

Z*(0,(0." GD6" Q(/()%&$RW.)28/&2" JQ6" C&9*&,(RE,%&9(" JY6" W-/RS(3(,,." GX6"

G./-)(" J6" B?,&2RN-'@)" JF6" Z-$)&,.$" JG;" Y.)9R%&,'" -'5(+%" .1" ()"

&0*+(%-.)(/" ()%-'-+,.:-(/" $%&](,0$4-5" 5,.9,('" .)" '()(9&'&)%" .1"

5(%-&)%$" ]-%4" 4&'(%./.9-+(/" 0-$&($&$;" F)%-:-.%-+$" g^($&/h;" bcbd" J()"

!c\dcgbhVd!U;"0.-V"dc;!!fci()%-:-.%-+$dccbcd!U;"

"
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n G./-)("J;"D)0-+(0.,&$"0&"+(/ -0(0"0&"/.$"5,.9,('($"0&".5%-'-2(+-@)"0&"

()%-'-+,.:-().$;" B.)&)+-(" &)" &/" lXDD" +.)9,&$." )(+-.)(/" 0&" /(" N.+-&0(0"

#$5(>./("0&"#)1&,'&0(0&$"D)1&++-.$($"="G-+,.:-./.9H("Z/H)-+(;"X(/&)+-(6"bcdO;"
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0&" -'5/&'&)%(+-@)" 0&" /.$" 5,.9,('($" 0&" .5%-'-2(+-@)" 0&" *$." 0&"

()%-'-+,.:-().$" &)" /.$" 4.$5-%(/&$" &$5(>./&$;" N-%*(+-@)" &$5&+H1 -+("

&)" /($" *)-0(0&$" 0&"E)+./.9H(;" Z..,0-)(0.," 0&" /(" &)+*&$%(" )(+-.)(/" =" &/"

0.+*'&)%." +.)L*)%." &/(:.,(0." 5.," /(" N.+-&0(0" #$5(>./(" 0&" #)1&,'&0(0&$"

D)1&++-.$($" =" G-+,.:-./.9H(" Z/H)-+(6" /(" N.+-&0(0" #$5(>./(" 0&" Q(,'(+-("

<.$5-%(/(,-("="/("N.+-&0(0"#$5(>./("0&"E)+./.9H("G?0-+(;"Q&:,&,."bcdf;"
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Z&,+&)(0." #6" W*0-./" Z6" <&,)8)0&2" F6" S-+./8$" J6" S-&%." B6" B(>.RB(,0." JC6"

B($+*(/" F6" Z(//&L("GF6" X&,(" C" ()0" Z-$)&,.$" JG;" F" )(%-.)]-0&" $*,3&=" .)"

%4&" +*,,&)%" $%(%*$" .1" ()%-'-+,.:-(/" $%&](,0$4-5" 5,.9,('$" -)"N5()-$4"

4.$5-%(/$;" D)$-94%$" -)%." %4&" 0&3&/.5&'&)%" .1" $%&](,0$4-5"
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1 .  INTRODUCCIÓN 

La crisis de los antibióticos. 

Y("-)+.,5.,(+-@)"0&"/.$"()%-:-@%-+.$"("/("5,8+%-+("+/H)-+("("1-)(/&$"0&"/.$"(>.$"

!c" +(':-@" 0&" '()&,(" 0,8$%-+(" &/" 5,.)@$%-+." 0&" /.$" 5(+-&)%&$" +.)"

-)1&++-.)&$d;"#)"/("(+%*(/-0(06"&/"3(/.,"0&"/.$"()%-'-+,.:-().$"4("%,($+&)0-0."

&/"'(,+."0&/"%,(%('-&)%."0&"/($"&)1&,'&0(0&$"-)1&++-.$($6"&)"%()%."&)"+*()%."

4()" 4&+4." 3-(:/&" /(" +.)$&+*+-@)" 0&" .%,.$" 9,()0&$" ,&%.$" 5(,(" /(" G&0-+-)("

+.'."/($"+-,*9H($"0&"(/%("+.'5/&L-0(06"/.$"%,(%('-&)%.$"7*-'-.%&,85-+.$"."/.$"

%,($5/()%&$;" S-)9*)." 0&" &$%.$" /.9,.$" 4*:-&,(" $-0." 5.$-:/&" $-)" 0-$5.)&," 0&"

18,'(+.$"$&9*,.$"="&1&+%-3.$"5(,(" %,(%(," /($" -)1&++-.)&$"7*&"+.)" 1,&+*&)+-("

(+.'5(>()"("&$%.$"5,.+&0-'-&)%.$b6!6"=("7*&"&/",-&$9."$&,H("-)($*'-:/&;""



!

dT"
"

Y("(5(,-+-@)"0&":(+%&,-($",&$-$%&)%&$"(" /.$"()%-:-@%-+.$"4("$-0."*)"1&)@'&)."

+.).+-0." 0&$0&" 7*&" +.'&)2(,.)" (" *%-/-2(,$&O;" a&" '()&,(" -)3(,-(:/&6" /($"

,&$-$%&)+-($":(+%&,-()($"4()"$*+&0-0."(" /("+.'&,+-(/-2(+-@)"0&"+(0("*)("0&"

/($"1('-/-($"0&"()%-:-@%-+.$"+.)1.,'&"$&"4("9&)&,(/-2(0."$*"*$."g1-9*,("dh;"Y($"

:&%(/(+%('($($" 0&" &$5&+%,." &`%&)0-0." $&" 0&$+,-:&)" &)" dfk!6" (5&)($" %,&$"

(>.$" %,($" +.'&,+-(/-2(,$&" /($" +&1(/.$5.,-)($" 0&" %&,+&,(" 9&)&,(+-@)T;

"#)" dffd6" $@/." +-)+." (>.$" 0&$5*?$" 0&" 0&$(,,.//(,$&" &/" -'-5&)&'6" 1*&,.)"

0&$+,-%($" /($" 5,-'&,($" +(,:(5&)&'($($" &)" (-$/('-&)%.$" +/H)-+.$" 0&"

<%#&./5/0(%! (#$&4-0/%(U6" =" %,&$" (>.$" '8$" %(,0&" $&" .:$&,3(:()" =(" &)"

(-$/(0.$" 0&" &)%&,.:(+%&,-($e;" #$%(" &$+(/(0(" -)-)%&,,*'5-0(" 0&" ,&$-$%&)+-($"

(/+()2@"$*"5*)%."8/9-0."+.)"/("0&$+,-5+-@)"&)"&/"(>."bccf"0&"*)")*&3."%-5."

0&" '&%(/.R:&%(/(+%('($(" &)" +&5($" 0&" &)%&,.:(+%&,-($" (-$/(0($" &)" S*&3("

a&/4-6"+(5(2"0&"+.)1&,-,",&$-$%&)+-("1,&)%&"("/("5,8+%-+("%.%(/-0(0"0&"1('-/-($"0&"

()%-:-@%-+.$"+.).+-0($6" ="(/%('&)%&"&1-+-&)%&"&)"$*"0-$&'-)(+-@)k;"#)"5.+.$"

(>.$6" &$%.$" '&+()-$'.$" 0&" ,&$-$%&)+-(" (/+()2(,.)" *)(" 0-$%,-:*+-@)" 9/.:(/6"

+.)$%-%*=?)0.$&" &)" *)(" +(*$(" 1,&+*&)%&" 0&" '.,:-'.,%(/-0(0" &)" /.$" +-)+."

+.)%-)&)%&$f6"=")."$@/."&)%,&"5(+-&)%&$"0&/"'&0-."4.$5-%(/(,-.6"$-)." %(':-?)"

&)"-)0-3-0*.$"5,.+&0&)%&$"0&"/("+.'*)-0(0dc6dd;"#$%("$-%*(+-@)"4("'.3-0."("/("

-)0*$%,-(" 1(,'(+?*%-+(" (" 0&$(,,.//(," &)" /.$" I/%-'.$" (>.$" )*&3.$" ()%-:-@%-+.$"

(+%-3.$"1,&)%&"("&$%.$")*&3.$"'&+()-$'.$6"5&,."0&")*&3.6"="(5&)($"*)"(>."

0&$5*?$"0&"$*"+.'&,+-(/-2(+-@)6"=("$&"4()"0&$+,-%.",&$-$%&)+-($"("(9&)%&$"0&"

I/%-'("9&)&,(+-@)"+.'."+&1%(2-0-'(R(3-:(+%('"."+&1-0&,.+./db6d!;"
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E
-4*!B

*!F0'#$"()/!.#!'-#5
8/!'$(0%,&$$-./!#0'$#!#)!(G/!.#!,/5

#$,-()-;(,-20!.#!)(%!8$-0,-8()#%!6(5
-)-(%!.#!(0'-1-2'-,/%!H!#)!(G/!#0!I&#!%#!.#%,$-1#0!8/$!

8$-5
#$(!"#;!$#%-%'#0,-(%!(!.-,3(!6(5

-)-(*!

1920 

1925 

1930 

1935 

1940 

1945 

1950 

1955 

1960 

1965 

1970 

1975 

1980 

1985 

1990 

1995 

2000 

2005 

2010 

2015 

2020 

Penicilinas 
1928 

1940 

1948 
1985 

M
acrólidos 

1980 1983 
Cefalosporinas 3ª 

1985 
Fluorquinolonas 

1985 
1993 

Carbapenem
as 

2015 2016 
Ceftazidim

a/avibactam
 

2020 2021 
Cefiderocol 
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de"
"

#)"0&1-)-%-3(6"(*)7*&"&/"0&$(,,.//."0&")*&3.$"()%-:-@%-+.$"4("%&)-0."R=" %-&)&R"

*)("-)0*0(:/&",&/&3()+-("&)"/("/*+4("+.)%,("/($":(+%&,-($"'*/%-,,&$-$%&)%&$6"/("

4-$%.,-("0&'*&$%,("+@'."&$%("&$%,(%&9-("5(,("+.':(%-,"/($",&$-$%&)+-($"&$"5.,"

$H"$./("-)$*1-+-&)%&6"=("7*&"$*"-'5(+%."$&"4("3-$%.",85-0('&)%&"&)$.':,&+-0."

5.," /(" (5(,-+-@)" $-$%&'8%-+(" 0&" 1&).%-5.$" 0&" ,&$-$%&)+-(" +(0(" 3&2" '8$"

+.'5/&L.$;"

#)" /(" (+%*(/-0(06" &/" -'5(+%." 7*&" /($" -)1&++-.)&$" 5.," :(+%&,-($"

'*/%-,,&$-$%&)%&$"%-&)&"$.:,&"/("$.+-&0(0"&$"&).,'&"g1-9*,("bh;"o)"&$%*0-."0&"

5,&3(/&)+-(" &/(:.,(0." 5.," /(" N.+-&0(0" #$5(>./(" 0&" #)1&,'&0(0&$"

D)1&++-.$($"="G-+,.:-./.9H("+/H)-+("&)"&/"(>."bcdk6" "&$%-'(:("7*&"(/"(>."$&"

5,.0*+&)"&)")*&$%,."5(H$"4($%("dkc;ccc"+($.$"0&" -)1&++-.)&$"4.$5-%(/(,-($"

5,.0*+-0($" 5.," :(+%&,-($" '*/%-,,&$-$%&)%&$dO;" #)" /(" o)-@)" #*,.5&(6" /($"

-)1&++-.)&$" 5.," :(+%&,-($" '*/%-,,&$-$%&)%&$" 5,.0*+&)" (/" '&).$" bT;ccc"

'*&,%&$" (/" (>.6" +.)0-+-.)()" b6T" '-//.)&$" 0&" 0H($" (0-+-.)(/&$" 0&" &$%()+-("

4.$5-%(/(,-(6"="$*5.)&)"*)"+.$%&"'&0-."0&"d;Tcc"'-//.)&$"0&"&*,.$"+(0("(>."

&)" %?,'-).$" 0&" 9($%.$" 0-,&+%.$" =" $.+-(/&$f;" N-" )." $&" 0&%-&)&" &/" -)+,&'&)%."

-)-)%&,,*'5-0."0&"/($"",&$-$%&)+-($6"$&"&$%-'("7*&"&)"&/"(>."bcTc"5,.0*+-,8)"

=("dc"'-//.)&$"0&"'*&,%&$"(/"(>."&)"%.0."&/"'*)0.6"$*5&,()0."/($"'*&,%&$"

()*(/&$" 5,.0*+-0($" (+%*(/'&)%&" 5.," &/" +8)+&,6" =" $*5.)0,8)" *)" 9($%." 0&"

4($%(" dcc" :-//.)&$" 0&" 0@/(,&$dT;" #$%(" $-%*(+-@)" 4(" (5,&'-(0." (" /($"

-)$%-%*+-.)&$"$()-%(,-($"-)%&,)(+-.)(/&$"("$&>(/(,"("/($"-)1&++-.)&$"5,.0*+-0($"



	 dk"
"

E-4*! C*! F58(,'/!.#! )(%! $#%-%'#0,-(%!1(,'#$-(0(%! %/1$#! )(!5/$'()-.(.!5&0.-()J! K(L !MN5#$/!
.#!5&#$'#%!(0&()#%!8/$!1(,'#$-(%!5&)'-$$#%-%'#0'#%!#0!)/%!.-6#$#0'#%!,/0'-0#0'#%!H!.#0%-.(.!
.#! -0,-.#0,-(! 8/$! BOO*OOO! 3(1-'(0'#%P! K1L ! MN5#$/! .#! 5&#$'#%! (0&()#%! 8$/.&,-.(%! 8/$!
1(,'#$-(%!5&)'-$$#%-%'#0'#%!K?Q=L!,/58($(.(%!,/0!/'$(%!,(&%(%!.#!5&#$'#R!H!#%'-5(,-20!.#!
,$#,-5-#0'/!8($(!#)!(G/!COSO*! F5T4#0#%!.#J! UV(,W)-04!X$&4!=#%-%'(0'! F06#,'-/0%!Y)/1())HJ!
E-0()!=#8/$'!(0.!=#,/55#0.('-/0%*!V3#!=#"-#Z!/0!?0'-5-,$/1-()!=#%-%'(0,#[BS*!

(a)  

(b) 
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df"
"

5.," :(+%&,-($" ,&$-$%&)%&$" +.'." *)" 5,.:/&'(" 5,-.,-%(,-." &)" N(/*0" BI:/-+(f6dU"

7*&" 5.)&" &)" ,-&$9." /(" $.$%&)-:-/-0(0" 0&" /.$" (3()+&$" (/+()2(0.$" 5.," /("

G&0-+-)(" &)" /($" I/%-'($" 0?+(0($;" #$" )&+&$(,-." *)" (:.,0(L&" *,9&)%&" ="

'*/%-'.0(/" +.)" -)%&,3&)+-.)&$" 7*&" 3()" 0&$0&" '&0-0($" /&9-$/(%-3($" ="

5,&$*5*&$%(,-($"+.)%*)0&)%&$"7*&"(:.,0&)" /($")&+&$-0(0&$"0&" -)3&,$-@)"&)"

&$%&"5,.:/&'("0&"$(/*06" (/" -'5*/$."5,.9,('($"0&"3-9-/()+-("0&" ,&$-$%&)+-($

&)"4*'().$"="()-'(/&$6"+('5(>($"0&"+.)+-&)+-(+-@)"$.+-(/6"&/"0&$(,,.//."0&"

'&L.,&$" %?+)-+($" 0&" 0-(9)@$%-+."'-+,.:-./@9-+." ,85-0.6" /(" 5,.'.+-@)" 0&" /($"

3(+*)($"="0&" /($"'&0-0($"0&"4-9-&)&"+.'*)-%(,-("&)" /.$"5(H$&$"&)"3H($"0&"

0&$(,,.//.6" ." &/" &$%H'*/." 0&" 5,.9,('($" 0&" .5%-'-2(+-@)" 0&/" *$." 0&"

()%-'-+,.:-().$"gBCEFh"&1-+(+&$"&)"/.$"+&)%,.$"$()-%(,-.$dT;""

La heterogeneidad en el uso de los antimicrobianos. 

#`-$%&)").%(:/&$"0-1&,&)+-($"&)"/("'()&,("0&"5,&$+,-:-,"/.$"()%-'-+,.:-().$"&)"

0-$%-)%($" 8,&($" 9&.9,81-+($;" N&" +(/+*/(" 7*&" &)" %.,)." (" *)" !bp" 0&" /.$"

5(+-&)%&$"-)9,&$(0.$"&)"4.$5-%(/&$"0&"#*,.5(",&+-:&)"%,(%('-&)%."()%-:-@%-+.6"

5&,."&$%("+-1,(")."&$"4.'.9?)&("&)"%.0.$"/.$"5(H$&$6".$+-/()0."&)%,&"/($"b6T"

0.$-$"0-(,-($"0&1-)-0($"5.,"d;ccc"4(:-%()%&$i0H("ga<ah"0&"C&-)."o)-0.6"="/($"

c6k"a<a"0&"<./()0("&)"&/"(>."bcdf"g1-9*,("!(h;"#)"#$5(>(6"$&"&$%-'("&)"*)"

Oep" /(" 5,&3(/&)+-(" 0&" 5(+-&)%&$" 4.$5-%(/-2(0.$" 7*&" ,&+-:&)" %,(%('-&)%."

()%-:-@%-+.6" 0&%&,'-)()0."*)"+.)$*'."0&"d6U!"a<a6" =" $-%*8)0.$&"&)%,&" /.$"

%,&$"5(H$&$"0&"#*,.5("+.)"'(=.,"*$."0&"+(,:(5&)&'($de;""



	 bc"

#)"F%&)+-@)"B,-'(,-("/("'&0-("0&"+.)$*'."&)"#*,.5("1*&"0&"de6!"a<a"&)"&/"

(>."bcdf;"Y.$"0(%.$",&5.,%(0.$"5(,("#$5(>("gb!6d"a<ah"$*5&,()"("/("'&0-("

&*,.5&("="7*&0()"/&L.$"0&/"+.)$*'.",&9-$%,(0."&)"5(H$&$"+.'."<./()0("gk6e"

a<ah6" (" 5&$(," 0&" 7*&" /.$" 0(%.$" (5.,%(0.$" 5.," )*&$%,." 5(H$" &`+/*=&)" /($"

5,&$+,-5+-.)&$" )." 1-)()+-(0($" 5.," &/" N-$%&'(" S(+-.)(/" 0&" N(/*0dk;" D)+/*$."

0&)%,." 0&/" %&,,-%.,-." &$5(>./6" &`-$%&" *)(" &/&3(0(" 4&%&,.9&)&-0(0" &)" &/"

+.)$*'."0&"()%-:-@%-+.$6"7*&"5*&0&"3(,-(,"0&$0&"+.)$*'.$"5.,"0&:(L."0&"d"

a<a"&)"/.$"4.$5-%(/&$"+(%(/()&$"."()0(/*+&$6"("+-1,($"5.,"&)+-'("0&"b"a<a"

&)"/.$"4.$5-%(/&$"0&"Z($%-//("Y("G()+4("."W(/-+-(df"g1-9*,("!:h;"

a-1&,&)+-($" %()" $*$%()+-(/&$" &)" &/" +.)$*'." )." $&" L*$%-1-+()" 5.," *)("'(=.,"

-)+-0&)+-("0&" -)1&++-.)&$"."5.,"&/"5&,1-/"0&",&$-$%&)+-($":(+%&,-()($"&)"+(0("

8,&(dU6" $-)." 7*&" &`-$%&)" 1(+%.,&$" $.+-(/&$6" +*/%*,(/&$" =" &+.)@'-+.$" 7*&"
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La relevancia de la formación médica en el uso apropiado de los antibióticos. 
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El fundamento de los programas de optimización del uso de antimicrobianos. 
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Los tipos de intervención en los  PROA. 
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TIPO DE INTERVENCIÓN 
EFECTO MEDIO SOBRE 
LAS PRESCRIPCIONES 

Hospital A. Primaria 
   

Intervenciones restrictivas   

Formularios de petición de antibióticos restringidos 7% - 

Aprobación previa de prescripciones 25% - 

Revisión y modificación de prescripciones 40% - 

Medidas de retirada de antibióticos (limitar la disponibilidad) 60% - 

Restricciones de financiación - Variable 

Intervenciones no impositivas   

Formación general (material impreso, conferencias…) 12% 9% 

Formación en habilidades comunicativas - 33% 

Auditar y retroalimentar con datos de consumo de antibióticos 22% 18% 

Recordatorios 22% 21% 

Revisión de prescripciones y formación entre pares (“audit and 
feedback”) 

35% 20% 

Intervenciones estructurales   

Sistemas electrónicos de soporte para la decisión clínica 8% 18% 

Diagnóstico microbiológico rápido 15% 21% 

Biomarcadores (proteína C reactiva, procalcitonina) 26% 28% 
   

"
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Áreas prioritarias de investigación para los PROA. 
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aEECiCFaFC" ga&$-0&,(:-/-%=" .1" E*%+.'&" C()s-)9iC&$5.)$&" F0L*$%&0"

1.," a(=$" .1" F)%-:-.%-+" C-$sh" 7*&" 5&,'-%&)" ()(/-2(," 0&" 1.,'(" +.':-)(0("

*)(" &$+(/(" 0&" ,&$*/%(0.$" +/H)-+.$" 0&1-)-0(" 5.," &/" -)3&$%-9(0.," +.)" /("

&`5.$-+-@)"("()%-:-@%-+.$6"5&,'-%-&)0."0&1-)-,"+*8/"&)%,&"0.$"&$%,(%&9-($"0&"

%,(%('-&)%." +.)$-9*&" /.$" '&L.,&$" ,&$*/%(0.$!U;" #$%&" )*&3." ()8/-$-$"

5&,'-%-,H("+.'5(%-:-/-2(,"/(".:%&)+-@)"0&"-)1.,'(+-@)"+/H)-+(",&/&3()%&"+.)"

%('(>.$"'*&$%,(/&$"'8$"($&7*-:/&$"7*&"/.$"&$%(:/&+-0.$"5.,"/.$"0-$&>.$"

%,(0-+-.)(/&$"0&"$*5&,-.,-0(0".").R-)1&,-.,-0(0eO6ee6"5&,."$*"*%-/-0(0"4("$-0."

5,.:(0("&)"'*="5.+.$"&$%*0-.$6"="&$%8"5.,"0&%&,'-)(,"4($%("7*?"5*)%."

&$"+(5(2"0&"0&1-)-,"/("&1&+%-3-0(0"0&"/($"-)%&,3&)+-.)&$"0&"BCEFeO;!

#)" /." 7*&" ,&$5&+%(" (" /(" &3(/*(+-@)" 0&" 5(7*&%&$" 0&" '&0-0($" 0&" /.$"

BCEF6" (/" $&," -)%&,3&)+-.)&$" 0-,-9-0($" (" /.$" 5,&$+,-5%.,&$" =" %&)&," &)"

9&)&,(/" *)" 8':-%." 5.:/(+-.)(/" '8$" ('5/-.6" 4(:-%*(/'&)%&" )." $&,8)"
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5.$-:/&$"0-$&>.$":($(0.$"&)"/("(/&(%.,-2(+-@)"0&"5(+-&)%&$;"#)"&$%&"+($."

&/"0-$&>."7*&"(5.,%("'(=.,",.:*$%&2"$&,H("/("(/&(%.,-2(+-@)"0&"9,*5.$"g*)"

4.$5-%(/6"*)("*)-0(0Ah;"#/")I'&,."0&"9,*5.$"0-$5.)-:/&$"$&,8"/("5,-)+-5(/"

/-'-%(+-@)"5(,("&$%.$"&$%*0-.$6" =("7*&"*)")I'&,." ,&0*+-0.")."5&,'-%-,8"

+.)%,./(," /($" 5.%&)+-(/&$" 0-1&,&)+-($" 5,&&`-$%&)%&$" &)%,&" &//.$eO;" #)"

$-%*(+-.)&$" 0.)0&" )." $&(" 5.$-:/&" /(" (/&(%.,-2(+-@)6" /("'&L.," (/%&,)(%-3("

$&,8)"/.$"&$%*0-.$"+*($-R&`5&,-'&)%(/&$"+.)%,./(0.$"()%&$R0&$5*?$;"N&,8"

-'5,&$+-)0-:/&" -)+/*-,"()8/-$-$"0&" %&)0&)+-($" %&'5.,(/&$6" -0&(/'&)%&"+.)"

*)" )I'&,." $*1-+-&)%&" 0&" 5*)%.$" 5(,(" -)+.,5.,(," ()8/-$-$" 0&" ,&9,&$-@)"

$&9'&)%(0(" =" 0&" (*%.+.,,&/(+-@)" gFCDGFh;" Y(" 5.%&)+-(" 0&/" &$%*0-."

0&5&)0&,8" 0&/" )I'&,." 0&" 5*)%.$" -)+/*-0.$6" $*" 3(,-(:-/-0(0" =" /.$"

5.%&)+-(/&$"1(+%.,&$"0&"+.)1*$-@);"B.,"%.0."&//.6"/.$"&$%*0-.$"$-)"()8/-$-$"

0&"%&)0&)+-(6"-)0&5&)0-&)%&"0&"/("&`-$%&)+-(".")."0&"*)"+.)%,./"&`%&,).6"

0-1H+-/'&)%&"5,.0*+-,8)"0(%.$"1-0&0-9).$eO6ek;"!

.L X#%($$/))($! -0.-,(./$#%! #%'(0.($-;(./%! 8($(! 5#.-$! #6-,(;5#0'#! #)!

-58(,'/! .#! )/%! <=>?;" #$" )&+&$(,-." 0&1-)-," -)0-+(0.,&$" 7*&" 5&,'-%()"

&3(/*(,")."$./."/.$"&1&+%.$"5&,$&9*-0.$"5.,"/("-)%&,3&)+-@)6"$-)."%(':-?)"

/.$"5.%&)+-(/&$"&1&+%.$"-)0&$&(0.$6"="&)"&$5&+-(/"/.$",&/(+-.)(0.$"+.)"*)"

-'5(+%."0&/&%?,&."$.:,&"&/"5,.)@$%-+."0&"/($"-)1&++-.)&$"0&,-3(0.$"0&"*)"

*$." '8$" ,&$%,-)9-0." 0&" /.$" ()%-:-@%-+.$;" Y(" +.,,&+%(" &3(/*(+-@)" 0&" /.$"

BCEF"0&:&" -)+/*-," -)0-+(0.,&$"0&" %,&$" %-5.$V"+/H)-+.$6"'-+,.:-./@9-+.$6"="

0&" 5,.+&$.6" +.'." $&" 4(" 0&$+,-%." ()%&,-.,'&)%&;" #$5&+-(/'&)%&"
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 A. Generar nueva evidencia clínica sobre uso apropiado de antimicrobianos 

Estrategias de tratamiento óptimo (dosis, vía de administración, duración) en los síndromes 
infecciosos más prevalentes. 

Estrategias de tratamiento y profilaxis antimicrobianas óptimas en poblaciones especiales: 
inmunodeprimidos, obesos, etc. 

Efectividad de las estrategias de simplificación: esquemas libres de carbapenémicos, monoterapia 
frente a tratamiento combinado, etc. 

Programas de diagnóstico microbiológico rápido y su impacto clínico real. 

Monitorización de niveles plasmáticos de antimicrobianos y su impacto clínico real. 
 

 B. Identificar los tipos de intervención y estrategias de implementación más eficientes 

Análisis comparativos de intervenciones en términos de efectividad, viabilidad y costes. 

Identificar elementos que garanticen la sostenibilidad en el tiempo de los PROA. 

Diseños  en atención primaria, urgencias, centros sociosanitarios y otros entornos no hospitalarios. 

Definir elementos facilitadores para la implementación de los PROA en ámbitos sin disponibilidad 
de expertos en terapia antimicrobiana: personal necesario (en especial, el papel de Enfermería), 
formación a distancia, herramientas de soporte electrónico a decisiones clínicas, etc. 

Identificar los factores de comportamiento (sociales, organizativos, emocionales, culturales) que 
condicionan el uso de antibióticos e incorporarlos al diseño de los PROA. 

 

 C. Desarrollar diseños y metodologías óptimas para establecer la efectividad de los PROA 

Inversión en infraestructuras que faciliten las intervenciones y análisis de resultados nivel individual 
y poblacional. 

Establecer estándares para los indicadores de proceso y de resultado en estudios cuasi-
experimentales y observacionales. 

Priorizar el diseño de estudios de efectividad que eviten el riesgo de sesgos: ensayos aleatorizados, 
aleatorización de grupos, estudios cuasi-experimentales controlados con análisis de tendencia. 

Aplicación de nuevos métodos estadísticos para evaluar los beneficios y riesgos de las nuevas 
estrategias de tratamiento: DOOR/RADAR, etc. 



	 Oc"

V(1)(!C!K,/0'*L*!@$#(%!8$-/$-'($-(%!.#!-0"#%'-4(,-20!8($(!)(%!<=>?*!
!

 D. Definir indicadores adecuados para evaluar el impacto de los PROA 

Indicadores de resultados clínicos: definir y validar un conjunto de indicadores clínicos 
estandarizados que aporten información significativa sobre el impacto en salud de los PROA. 

Indicadores de consumo de antimicrobianos:  definir y validar indicadores de consumo de 
antibióticos en entornos extrahospitalarios, para las prescripciones realizadas tras el alta 
hospitalaria, y para definir el uso apropiado de antimicrobianos. 

Indicadores de resistencias microbianas: cuantificar el riesgo de desarrollo de resistencias 
en función de la selección, dosis y duración del tratamiento antimicrobiano. 

Indicadores de proceso: definir y validar  indicadores de proceso que permitan establecer 
una relación demostrable con resultados clínicos clínicamente significativos de los PROA. 
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2. FUNDAMENTO. 

#/" -)+,&'&)%."'*)0-(/" 0&" /($" ,&$-$%&)+-($":(+%&,-()($"*,9&"(" /(" +.'*)-0(0"

+-&)%H1-+(" (" 0&$(,,.//(," '&+()-$'.$" &1-+(+&$" 5(,(" +.)%,./(," $*" &`5()$-@)6"

$-&)0." /.$" BCEF" *)." 0&" /.$" 5-/(,&$" -'5,&$+-)0-:/&$" &)" /(" /*+4(" +.)%,(" /($"

,&$-$%&)+-($;"F*)7*&"$.)"'*+4.$"/.$"5,.9,('($"7*&"4()"0&'.$%,(0.",&0*+-,"

+.$%&$"&)"()%-:-@%-+.$"."'&L.,(,"/("(04&,&)+-("("/.$"5,.%.+./.$"/.+(/&$6"(I)"&$"

-)$*1-+-&)%&" /(" &3-0&)+-(" 7*&" 0&'*&$%,(" $*" -'5(+%." $.:,&" .:L&%-3.$"

3&,0(0&,('&)%&" %,($+&)0&)%&$" =" 7*&" +.)$%-%*=&)" /(" ,(2@)" 0&" $&," 0&" /.$"

BCEF6" (" $(:&,6" /(" '.,:-'.,%(/-0(0" (%,-:*-:/&" (" /($" -)1&++-.)&$" 9,(3&$" =" /("

-)+-0&)+-(" 0&" ,&$-$%&)+-($" '-+,.:-()($;" W&)&,(," &3-0&)+-(" $.:,&" )*&3.$"

'.0&/.$"($-$%&)+-(/&$",&5,.0*+-:/&$6"$.$%&)-:/&$"&)"&/"%-&'5.6"="+(5(+&$"0&"

0&'.$%,(,":&)&1-+-.$"&)"$(/*0"'&0-:/&$",&/(+-.)(0.$"+.)"&/"*$."+.,,&+%."0&"
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/("+,-$-$"0&"/.$"()%-:-@%-+.$;""

o)." 0&" /.$" 5,-)+-5(/&$" &`5.)&)%&$" 7*&" $*:=(+&" (/" *$." -)(5,.5-(0." 0&" /.$"

()%-:-@%-+.$" &$" /(" 1.,'(+-@)" -)$*1-+-&)%&" &)" 5(%./.9H(" -)1&++-.$(" 0&" /.$"

'?0-+.$"0&"%.0($"/($"&$5&+-(/-0(0&$"7*&")&+&$-%()"0&"/.$"()%-:-@%-+.$"&)"$*"

5,8+%-+(" +/H)-+(" 0-(,-(;" #$" 5.," &$%." 7*&" &/" 0&$(,,.//." 0&" -)%&,3&)+-.)&$"

:($(0($" &)"'&0-0($" &0*+(%-3($" 5.0,H()" 5.$%*/(,$&" +.'." *)(" 4&,,('-&)%("

&$5&+-(/'&)%&"&1-+(26"=("7*&"(:.,0("0-,&+%('&)%&" /(",(H2"0&"&$%&"5,.:/&'(;"

N-)"&':(,9.6"/("1.,'(+-@)"4("0&$&'5&>(0."*)",./"'&,('&)%&"(*`-/-(,"&)"/("

'(=.,H("0&"5,.9,('($"5*:/-+(0.$6"0&"'()&,("7*&"$*"+.)%,-:*+-@)",&(/"&)"/.$"

'-$'.$")."&$"+.).+-0(6"="'*+4.$"(*%.,&$"/("4()"+.)$-0&,(0."5.+.",&/&3()%&"

&)"/("'.0-1-+(+-@)"0&"/.$"48:-%.$"0&"5,&$+,-5+-@);"

#)" &/" (>." bcdd6" $&" -)-+-@" &)" &/" <.$5-%(/" o)-3&,$-%(,-." X-,9&)" 0&/" C.+H." 0&"

N&3-//(" &/" B,.9,('(" D)$%-%*+-.)(/" 5(,(" /(" E5%-'-2(+-@)" 0&/" %,(%('-&)%."

F)%-'-+,.:-()."gBCDEFGh;"#$%&"5,.9,('("5,.5.)&"*)("-)%&,3&)+-@)"0&":($&"

&0*+(%-3(6" 7*&" 5,&%&)0&" (:.,0(," 0-,&+%('&)%&" /(" ,(H2" 0&/" 5,.:/&'(" 0&/" *$."

-)(5,.5-(0."0&" /.$"()%-:-@%-+.$V"&/"+.).+-'-&)%." -)$*1-+-&)%&"5.,"5(,%&"0&" /.$"

0-1&,&)%&$"5,.1&$-.)(/&$"$()-%(,-.$"7*&" /.$"*%-/-2();"#)"&$%(" %&$-$"0.+%.,(/"$&"

&`5.)0,8)" /.$" ,&$*/%(0.$" .:%&)-0.$" 5.," &$%(" -)%&,3&)+-@)" )*&3&" (>.$"

0&$5*?$"0&"$*"-'5/&'&)%(+-@)"+.)%-)*(0("&)"&/"+.)L*)%."0&/"4.$5-%(/;"
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o)(" 0&" /($" 8,&($" 0&" &$5&+-(/" -)%&,?$" 0&)%,." 0&" &$%&" +('5." 0&" /("

-)3&$%-9(+-@)" +/H)-+(" &$" /(" (5/-+(+-@)" 0&" &$%&" %-5." 0&" -)%&,3&)+-.)&$" &)" /.$"

5(+-&)%&$" -)'*).0&5,-'-0.$6" $.:,&" /.$" 7*&" (5&)($" &`-$%&)" &$%*0-.$"

0-$5.)-:/&$;"#$%&"9,*5."0&"5(+-&)%&$"&$%8)"'8$"&`5*&$%.$"7*&" /("5.:/(+-@)"

9&)&,(/"(" /($"+.)$&+*&)+-($"0&/"*$."-)(5,.5-(0."0&"()%-:-@%-+.$6"=("7*&"5.,"

*)("5(,%&"/($"-)1&++-.)&$"+.)0-+-.)()"&)"&//.$"*)"'(=.,",-&$9."0&"'.,%(/-0(06"

=" 5.," .%,(" 5(,%&" &/" *$." ,&+*,,&)%&" 0&" ()%-:-@%-+.$" 0&%&,'-)()" &)" &//.$" *)"

'(=.," ,-&$9." 0&" -)1&++-.)&$" 5.," :(+%&,-($" '*/%-,,&$-$%&)%&$;" #$%.$" ,-&$9.$"

+.).+-0.$" 4(+&)" 7*&" /.$" &$5&+-(/-$%($" 7*&" (%-&)0&)" 4(:-%*(/'&)%&" (" &$%.$"

5(+-&)%&$" *%-/-+&)" +.)" '8$" 1,&+*&)+-(" =" 0&" '()&,(" '8$" 5,./.)9(0("

%,(%('-&)%.$" 0&"('5/-." &$5&+%,.6" =" ("'&)*0."5*&0&)" $&,"'8$" ,&)*&)%&$" ("

(5/-+(,"/.$"5,-)+-5-.$"5(,("*)"*$."'8$",(+-.)(/".",&$%,-+%-3."0&"/.$"()%-:-@%-+.$6"

5&,5&%*()0."($H"&$%&"+H,+*/."3-+-.$."0&"-)1&++-.)&$"+(0("3&2"'8$"0-1H+-/&$"0&"

%,(%(,;"#$"5.,"&$%."7*&"$&,8"&$5&+-(/'&)%&",&/&3()%&"9&)&,(,"&3-0&)+-("$.:,&"

/(" &1&+%-3-0(0" =" /(" $&9*,-0(0" 0&" /($" -)%&,3&)+-.)&$" 0&" BCEF" &)" &$%("

5.:/(+-@)"0&"5(+-&)%&$6" 7*&"3&4-+*/("*)("5(,%&" -'5.,%()%&"0&/" +.)$*'."0&"

()%-:-@%-+.$"=" /($" ,&$-$%&)+-($":(+%&,-()($"0&"'*+4.$"+&)%,.$;"#$%("8,&("0&"

-)%&,?$" $&,8" (:.,0(0(" %(':-?)" &)" &$%(" %&$-$" 0.+%.,(/" '&0-()%&" &/" ()8/-$-$"

&$5&+H1-+."0&/"&1&+%."0&/"BCDEFG"&)"/.$"5(+-&)%&$"+.)"+8)+&,"$@/-0.;"

a&"&)%,&"%.0($"/($"8,&($"0&"1.,'(+-@)"&)"&/"*$.",(+-.)(/"0&"/.$"()%-:-@%-+.$6"

/(" 0&+-$-@)" $.:,&" /(" 0*,(+-@)" 0&" /.$" %,(%('-&)%.$" &$" *)(" 0&" /($" 7*&" '8$"
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'&)*0." (" 0*,(+-.)&$" &`+&$-3('&)%&" 5,./.)9(0($6" 7*&" &$" *)." 0&" /.$"

5,-)+-5(/&$" 3&+%.,&$" 5(,(" /(" $&/&++-@)" 0&" ,&$-$%&)+-($;" Y(" 5.:,&" &3-0&)+-("

+-&)%H1-+(" 7*&" $*$%&)%(" /($" ,&+.'&)0(+-.)&$" %,(0-+-.)(/&$" 0&" 0*,(+-@)" 0&"

%,(%('-&)%." 4(+&" 7*&" &)" /(" '(=.,H(" 0&" 9*H($" 0&" 5,8+%-+(" +/H)-+(" /($"

-)0-+(+-.)&$" (" &$%&" ,&$5&+%." $&" 5,&$&)%&)" 0&" '()&,(" 5.+." 5,&+-$(6"

5,.5-+-()0." &$%(" $-%*(+-@)" &)" /(" 5,8+%-+(" +/H)-+(" 4(:-%*(/;" #$" 5.," &$%." 7*&"

9&)&,(," &3-0&)+-(" 0&" :*&)(" +(/-0(0" 7*&" 0&1-)(" /(" 0*,(+-@)" @5%-'(" 0&/"

%,(%('-&)%."0&" /.$" $H)0,.'&$" -)1&++-.$.$"'8$"+.'*)&$"0&:&,H(" $&,"4.="*)"

8,&("5,-.,-%(,-("&)"/("-)3&$%-9(+-@)"+/H)-+("5(,("/(".5%-'-2(+-@)"0&/"*$."0&"/.$"

()%-'-+,.:-().$;"a&)%,."0&"&$%("/H)&("0&"%,(:(L.6"&)"/("5,&$&)%&"%&$-$"0.+%.,(/"

$&" &`5.)0,8)" ($-'-$'." /.$" ,&$*/%(0.$" 0&" *)" &)$(=." +/H)-+." 0-$&>(0." 5(,("

0&%&,'-)(," /(" &1-+-&)+-(" 0&" /.$" &$7*&'($" +.,%.$" 0&" %,(%('-&)%." &)" /($"

-)1&++-.)&$":(+%&,-?'-+($"5,.0*+-0($"5.,"&)%&,.:(+%&,-($6"7*&"+.)$%-%*=&)"/("

5,-)+-5(/"+(*$("0&":(+%&,-&'-($"&)"&/"8':-%."+.'*)-%(,-."=").$.+.'-(/;"

a&"&$%&"'.0.6"/.$"5,.:/&'($"(:.,0(0.$"5.,"/.$"%,(:(L.$"7*&"+.)1.,'()"&$%("

%&$-$" $&" (/-)&()" +.)" (/9*)($" 0&" /($" 5,-.,-0(0&$" 0&1-)-0($" &)" &$%(" 8,&(" 0&"

-)3&$%-9(+-@)6" -)%&)%()0." 3(/-0(," (/9*)($" 5,.5*&$%($" -)).3(0.,($" 0&"

-)%&,3&)+-@)"&1-+(+&$"=",&5,.0*+-:/&$"5(,(".%,.$"+&)%,.$"4.$5-%(/(,-.$;" "
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3. HIPÓTESIS. 

3.a.  Hipótesis  del  art ículo 1.  

d; Y("-'5/&'&)%(+-@)"0&"*)"BCEF"+.)":($&"&0*+(%-3("5&,'-%-,8"'&L.,(,"/("

+(/-0(0"0&"/($"5,&$+,-5+-.)&$"0&"()%-'-+,.:-().$"&)"&/"+&)%,.;"

b; Y("'&L.,(" &)" /(" +(/-0(0"0&" /($" 5,&$+,-5+-.)&$" +.)//&3(,8"*)(" ,&0*++-@)"

$-9)-1-+(%-3("&)"&/"+.)$*'."9/.:(/"0&"()%-:-@%-+.$"&)"&/"+&)%,.;"

!; Y(" ,&0*++-@)" $.$%&)-0(" &)" /(" 5,&$-@)" ()%-:-@%-+(" 5,.0*+-,8" *)("

0-$'-)*+-@)" 0&" /(" -)+-0&)+-(" 0&" /($" -)1&++-.)&$" 5.," '-+,..,9()-$'.$"

'*/%-,,&$-$%&)%&$"="&)"/("'.,%(/-0(0",&/(+-.)(0("+.)"/($"'-$'($;"

O; Y(" -'5/&'&)%(+-@)" 0&/" 5,.9,('(" $&" //&3(,8" (" +(:." +.)" *)(" :*&)("

(+&5%(+-@)"5.,"/.$"1(+*/%(%-3.$"("/.$"7*&"$&"0-,-9&"/("-)%&,3&)+-@);"

"
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3.b.  Hipótesis  de art ículo 2.  

d; Y("-'5/&'&)%(+-@)"0&"*)"BCEF"+.)":($&"&0*+(%-3("&$5&+H1-+."&)"&/"8,&("

0&" E)+./.9H(6" ($.+-(0." (" *)" 5,.9,('(" &$%(:/&" 0&" -)%&,+.)$*/%($6"

5&,'-%-,8"'&L.,(,"&/"*$."0&"/.$"()%-:-@%-+.$"&)"/("*)-0(0;"

b; Y(" -)+.,5.,(+-@)" 0&" *)" BCEF" &$%,*+%*,(0." &$" *)" &/&'&)%." )&+&$(,-."

5(,(" +.)$&9*-," *)(" '.0-1-+(+-@)" $-9)-1-+(%-3(" &)" &/" +.)$*'." 9/.:(/" 0&"

()%-:-@%-+.$"="&)"&/"5&,1-/"0&"5,&$+,-5+-@);"

!; Y("($.+-(+-@)"0&"(':($"-)%&,3&)+-.)&$"5&,'-%-,8"'&L.,(,"&/"5,.)@$%-+."0&"

/($"-)1&++-.)&$"9,(3&$"&)"/.$"5(+-&)%&$"+.)"+8)+&,"$@/-0.;"
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5.  MÉTODO Y RESULTADOS.  
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Long-Term Impact of an Educational Antimicrobial 
Stewardship Program on Hospital-Acquired Candidemia 
and Multidrug-Resistant Bloodstream Infections:  
A Quasi-Experimental Study of Interrupted Time-Series 
Analysis
José Molina,1 Germán Peñalva,1 María V. Gil-Navarro,2 Julia Praena,1 José A. Lepe,1 María A. Pérez-Moreno,2 Carmen Ferrándiz,3 Teresa Aldabó,3 
Manuela Aguilar,1 Peter Olbrich,4 Manuel E. Jiménez-Mejías,1 María L. Gascón,3 Rosario Amaya-Villar,3 Olaf Neth,4 María J. Rodríguez-Hernández,1 
Antonio Gutiérrez-Pizarraya,1 José Garnacho-Montero,5 Cristina Montero,6 Josefina Cano,6 Julián Palomino,1 Raquel Valencia,1 Rocío Álvarez,1 
Elisa Cordero,1 Marta Herrero,1 and José M. Cisneros1; for the PRIOAM team

Departments of  1Infectious Diseases, Microbiology and Preventive Medicine,  2Pharmacy,  3Critical Care, and  4Pediatric Infectious Diseases and Immunodeficiency, Institute of Biomedicine of 
Seville, University Hospital Virgen del Rocio, Spanish National Research Council, University of Seville, and 5Department of Critical Care, University Hospital Virgen Macarena, University of Seville 
and 6Department of Pediatric Critical Care and Emergency, University Hospital Virgen del Rocio, Seville, Spain

Background. "e global crisis of bacterial resistance urges the scienti#c community to implement intervention programs in 
healthcare facilities to promote an appropriate use of antibiotics. However, the clinical bene#ts or the impact on resistance of these 
interventions has not been de#nitively proved.

Methods. We designed a quasi-experimental intervention study with an interrupted time-series analysis. A multidisciplinary 
team conducted a multifaceted educational intervention in our tertiary-care hospital over a 5-year period. "e main activity of the 
program consisted of peer-to-peer educational interviews between counselors and prescribers from all departments to reinforce the 
principles of the proper use of antibiotics. We assessed antibiotic consumption, incidence density of Candida and multidrug-resist-
ant (MDR) bacteria bloodstream infections (BSIs) and their crude death rate per 1000 occupied bed days (OBDs).

Results. A quick and intense reduction in antibiotic consumption occurred 6 months a$er the implementation of the inter-
vention (change in level, −216.8 de#ned daily doses per 1000 OBDs; 95% con#dence interval, −347.5 to −86.1), and was sustained 
during subsequent years (average reduction, −19,9%). In addition, the increasing trend observed in the preintervention period for 
the incidence density of candidemia and MDR BSI (+0.018 cases per 1000 OBDs per quarter; 95% con#dence interval, −.003 to .039) 
reverted toward a decreasing trend of −0.130 per quarter (change in slope, −0.029; −.051 to −.008), and so did the mortality rate 
(change in slope, −0.015; −.021 to −.008).

Conclusions. "is education-based antimicrobial stewardship program was e&ective in decreasing the incidence and mortality 
rate of hospital-acquired candidemia and MDR BSI through sustained reduction in antibiotic use.

Keywords. Antimicrobial stewardship programs; antimicrobial resistance; educational interviews; hospital-acquired infections; 
multidrug-resistant bloodstream infections.

"e global increase of bacterial resistance over recent decades has 
been recognized by public health organizations as a priority threat 
that needs to be addressed urgently by the scienti#c community 
[1]. Infections caused by resistant bacteria produce increased 
morbidity and mortality rates, as well as higher healthcare costs 
[2], and the inappropriate use of antimicrobial agents is probably 

the most important factor responsible for these increases [3]. In 
this setting, healthcare centers have been encouraged to imple-
ment antimicrobial stewardship programs (ASPs) to improve 
antibiotic misuse and #ght back against bacterial resistance [4].

Evidence supporting the e'cacy of ASPs is still incomplete, and 
recent meta-analysis has shown that up to 80% of reviewed studies 
lacked a minimum methodological quality required to obtain re-
liable and reproducible conclusions on the clinical impact of ASPs 
[5]. Although many of these programs have proved e&ective in 
reducing antibiotic consumption and improving the quality of 
prescriptions, there is still a lack of evidence supporting clear clin-
ical bene#ts (ie, reduction in mortality rate related to infections) 
[5, 6]. "e question regarding which indicators are best to assess 
the clinical impact of ASPs also remains unanswered [7].
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Data on the real impact of these programs on bacterial resistance 
are also incomplete. Although antibiotic pressure is a well-known 
risk factor for Candida spp. and multidrug-resistant (MDR) bac-
teria bloodstream infections (BSIs) [8–10], the reverse e"ect—that 
is, reduced consumption of antibiotics bringing susceptible micro-
organisms back to a center or geographic area—has not been so 
well established. Hitherto, di"erent ASPs have achieved reduc-
tions in speci#c mechanisms of resistance by restricting concrete 
antibiotic classes [11–13], but a global improvement in bacterial 
ecology of healthcare centers has rarely been reported, and only 
the short-term impact has been described in most studies [5, 6].

$e Institutional Program for the Optimization of 
Antimicrobial Treatment (PRIOAM) is an educational ASP 
started at our hospital in January 2011, which resulted in a 
reduction in antimicrobial consumption within 1 year a%er its 
implementation [14]. We hypothesized that, if this reduction in 
antibiotic pressure was maintained throughout time, a signi#-
cant decrease should also be observed in the incidence of hospi-
tal-acquired BSIs produced by MDR bacteria and Candida spp., 
as well as in associated mortality rates.

METHODS

Study Design

The study was an interrupted time-series (ITS) quasi-experi-
mental before-after study, based on an ecological time-trend 
analysis, compliant with the ORION statement.

Setting

The program was performed at the University Hospital Virgen 
del Rocio (Seville, Spain), a tertiary-care teaching hospital with 
1177 beds (including 72 intensive care unit [ICU] beds), and 
active solid-organ and hematopoietic stem-cell transplantation 
programs. No data from pediatric patients (134 beds, settled in 
a different building) were recorded for this study.

Study Period

The study period included 28 quarters between January 2009 
and December 2015. PRIOAM was initiated in January 2011.

Intervention

The methods have been described elsewhere [14]. In brief, a multi-
disciplinary team of 10 counselors was set up, including infectious 
diseases experts from different departments of the hospital. They 
randomly chose 1 antibiotic prescription each week and held edu-
cational interviews (EIs) with the prescriber, reviewing the key 
aspects of antibiotic treatment of the case. The interview followed 
a structured questionnaire, and the approach was strictly educa-
tional; clinical charts were not reviewed and no changes in anti-
biotic treatment were required. Patient data remained anonymous.

Additional educative measures included (1) update, publi-
cation, and di"usion of local guidelines for the management 
of most frequent infectious syndromes [15], which were also 

used as a reference to assess the quality of prescriptions dur-
ing the interviews; (2) monthly educational meetings with the 
counselor team to reinforce the homogeneity of criteria and to 
encourage continuous learning regarding the main aspects of 
antibiotic use; (3) quarterly information regarding the pro#le 
of antibiotic use in every department; (4) yearly information on 
the incidence of bacterial resistance reported to all departments, 
and (5) yearly clinical sessions to analyze the speci#c results of 
the program in each unit, to outline the improvement strategies 
for the following year. $e program received institutional sup-
port, and its objectives were included in the agreement signed 
annually by each department with the hospital management.

In November 2012 a parallel transmission control program 
was started at the ICU due to a long-term endemic of carbape-
nem-resistant Acinetobacter baumannii. $is program included 
active surveillance of hygienic measures in the unit and weekly 
screening of asymptomatic carriers of MDR gram-negative 
bacilli for all patients admitted to the ICU. No other interven-
tions were performed in the center during the study period.

Study Measures

Data on antibiotic ATC group J01 (antibacterials for systemic use) 
consumption were recorded quarterly. Defined daily doses (DDDs) 
per 1000 occupied bed days (OBDs) were calculated according to 
the Anatomical Therapeutical Chemical classification system [16]. 
We also analyzed the incidence density per 1000 OBDs of hospi-
tal-acquired BSIs produced by the 6 most frequent microorgan-
isms (coagulase-negative Staphylococci excluded): Escherichia coli, 
Klebsiella pneumoniae, A. baumannii, Pseudomonas aeruginosa, 
Staphylococcus aureus and Candida spp. Every strain was classified 
as MDR or non-MDR according to the criteria described below. 
The impact on mortality rates was assessed as the all-cause crude 
death rate [17] (deaths per 1000 OBDs per quarter) on day +14 
after the diagnosis of these episodes of BSI.

Microbiological Definitions

Hospital-acquired BSIs were defined as those diagnosed based 
on blood cultures obtained ≥48 hours after hospital admis-
sion, or <48 hours after admission in patients hospitalized 
during the previous 3 weeks. Recurrent isolation of the same 
microorganisms was considered to represent a unique epi-
sode of BSI unless the sample was obtained 1 month after 
the last positive blood culture. The MDR categorization was 
applied for extended-spectrum β-lactamases (ESBLs), dere-
pressed AmpC β-lactamases or carbapenemase-producing 
Enterobacteriaceae, all isolates of methicillin-resistant S. 
aureus and Candida spp., and all P. aeruginosa and A. bau-
mannii strains fulfilling the German Society for Hygiene 
and Microbiology criteria for MDR organisms [18, 19]. The 
ESBL and methicillin-resistant S. aureus criteria followed the 
European Committee on Antimicrobial Susceptibility Testing 
(EUCAST) recommendations [20, 21].
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Statistical Analysis

ITS regression analysis was performed for each variable accord-
ing to the Cochrane Effective Practice and Organization Care 
method [22], to compare time trends before and after the inter-
vention. Two standardized effect sizes were estimated: a change 
in level (difference between the observed outcome at the first 
time point of the intervention and that predicted by the pre-
intervention trend) and a change in trend (difference between 
pre- and postintervention slopes) after the intervention. 
Differences were considered statistically significant at P < .05 
(2-tailed tests). Statistical analyses were performed using IBM 
SPSS Statistics software, version 19.0.

To assess the robustness of the "ndings from the ITS ana-
lysis, we also performed a joinpoint regression analysis [23] of 
each dependent variable as a sensitivity analysis. #e aim was 
to identify any statistically signi"cant change occurring in the 
linear slope of the trend for each variable and assess mathe-
matically whether it occurred over the same time period as the 
intervention. We used the joinpoint regression program [24] to 
run the calculations.

RESULTS

Educational Interviews

A total of 3176 EIs were performed with prescribers from all 
clinical units; 1206 EIs were held in the first year, followed by 
an average of 500 per year. The proportion of prescribers inter-
viewed the first year was 66.3% of the 585 prescribing physi-
cians, followed by 49.7% per year. The average number of EIs 
was 3.1 EIs per prescriber the first year, followed by 2.2 EIs per 
prescriber per year. The average time required for each inter-
view was 10 minutes. In the first quarter after the program 
implementation up to 53% of antibiotic prescriptions evaluated 

were considered inappropriate, improving to 39% by the end 
of the study period (χ2 test; P <  .01). Of 559 prescribers who 
completed an anonymous satisfaction survey after the EI, 97.7% 
evaluated it positively.

Antibiotic Consumption

The implementation of PRIOAM was followed by a significant 
decrease in antibiotic consumption, maintained during the fol-
lowing years. This reduction was observed for all classes of anti-
biotics (data not shown). The median consumption dropped 
from 1008 (interquartile range [IQR], 980–1078) to 774 (750–
787) DDDs per1000 OBDs from the first to the last year. Figure 1 
shows the time-trend analysis, with a significant change in level 
after the ninth trimester of −216.8 DDDs per 1000 OBDs (95% 
confidence interval [CI], −347.5 to −86.1; P < .01). Compared 
with expected antibiotic consumption according to the pre-
intervention trend, a sustained reduction with a relative effect 
(difference from the preintervention trend) between −21.5% 
and −18.3% was observed throughout the study period.

Impact on Incidence of Hospital-Acquired Candidemia, Multidrug-
Resistant (MDR) Bacteria Bloodstream Infections (BSIs), and Non-MDR 
BSIs

The incidence density of hospital-acquired candidemia and 
MDR BSI diminished parallel to the antibiotic pressure. The 
increasing trend in the preintervention period (0.018 cases per 
1000 OBDs per quarter; 95% CI, −.003 to .039) reverted toward 
a decreasing trend with a change in slope of −0.029 cases per 
1000 OBDs per quarter (−.051 to −.008; P  <  .05) (Figure  2). 
Compared with the expected trend in the preintervention 
period, a relative reduction of −24.4% was observed soon after 
the implementation of the program (in the 10th quarter) and 
was estimated to be of up to −71.0% by the end of the study 

Figure 1. Changes in antibiotic consumption. ATC group J01 (antibacterials for systemic use); DDDs, defined daily doses; OBDs, occupied bed days.
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period, 5  years later. Incidence densities per quarter for each 
specific microorganism were also recorded. Conversely, the 
incidence density of hospital-acquired BSIs produced by non-
MDR strains of the same microorganisms under study did not 
change during the intervention period (slope −0.004; 95% CI, 
−.045 to .037; P = .85) (Figure 3).

Impact on Mortality Rates for Hospital-Acquired Candidemia and 
Multidrug-Resistant Bloodstream Infections

The all-cause 14-day crude death rate for hospital-acquired can-
didemia and MDR BSIs was reduced parallel to its incidence. 
A significant change was proved in the mortality trends between 
the preintervention period (increasing trend of 0.011 deaths 

per 1000 OBDs per quarter; 95% CI, .005 to .017; P < .001) and 
the postintervention period (change in slope, −0.015 deaths per 
1000 OBDs per quarter; −.021 to −.008; P < .001) (Figure 4). This 
change occurred 3 months after the PRIOAM implementation, 
with a level reduction of −0.045 (95% CI, −.087 to −.004; P < .01) 
and an estimated relative effect of −27.9% compared with the 
expected mortality rate according to the preintervention trend.

#e all-cause 14-day crude death rate for hospital-acquired 
BSIs produced by any microorganism (either MDR or suscep-
tible) also decreased a$er the intervention (Figure 5), reversing 
from a preintervention increasing trend (0.019; 95% CI, −.005 
to .034) to a decreasing trend a$er the implementation of the 
program (change in slope −0.025; −.040 to −.009; P < .05).

Figure 3. Evolution of incidence of hospital-acquired non–multidrug-resistant (non-MDR) bacterial bloodstream infections (BSIs). OBDs, occupied bed days.

Figure 2. Impact on incidence of hospital-acquired candidemia and multidrug-resistant (MDR) bacterial bloodstream infections (BSIs). OBDs, occupied bed days.
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Potential Changes in Healthcare During the Study Period

To assess whether this reduction in the incidence of hospital-ac-
quired candidemia and MDR BSIs could have been caused by 
other changes in the hospital activity, we also monitored 8 com-
plexity indicators (Table  1). All of them increased every year 
throughout the study period.

DISCUSSION

The results of our study prove the long-term impact of a novel 
educational ASP on antibiotic use and in-hospital bacterial 
resistance and mortality rate related to nosocomial BSIs, con-
firming the hypothesis that reducing antibiotic pressure can 
reduce the incidence of hospital-acquired MDR BSIs. To the 

best of our knowledge, this is the first education-based ASP 
proving such benefit.

Up to 50% of antimicrobial treatments prescribed at hospi-
tals are considered inappropriate [25], and this a"ects patients 
attended by all kinds of specialists. #is situation is probably 
linked to insu$cient training of clinicians in the diagnosis and 
treatment of the infectious diseases, as the amount of knowl-
edge produced in this area has increased exponentially in the 
last decade [26]. For this reason, we believe the answer to this 
problem has to be essentially educational.

We previously reported a signi%cant reduction in anti-
biotic consumption during the %rst year a&er PRIOAM was 
implemented [14]. Five years a&er initiation of the program, 

Figure 4. Changes in crude death rate for hospital-acquired multidrug-resistant (MDR) bacterial bloodstream infections (BSIs). OBDs, occupied bed days.

Figure 5. Changes in overall crude death rate for hospital-acquired multidrug-resistant (MDR) and non-MDR bacterial bloodstream infections (BSIs). OBDs, occupied bed 
days.
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our results show how sustained educational interventions can 
achieve a longstanding bene"t on antimicrobial pressure. #is 
point seems especially relevant, because the e$ect of most ASPs 
interventions usually fades over time when discontinued [27], 
with very few studies reporting results beyond 24 months [5].

#e sustained reduction of the use of all-class antibiotics 
prompted a global reduction in bacterial resistance over the 
months following the intervention. Di$erent authors have 
reported successful interventions targeted toward certain 
classes of antibiotics, which have proved rapid and e$ective in 
reducing their consumption, and eventually the speci"c mech-
anisms of resistance related to these antimicrobials [11, 28, 29]. 
However, this approach may lead to compensatory consump-
tion of alternative antimicrobials (the “squeezing balloon” phe-
nomenon), which may also entail even worse consequences on 
bacterial resistance [12, 13, 30].

#e evidence supporting clinical bene"ts of ASPs is also insuf-
"cient. Although most ASPs have reduced the consumption of 
antibiotics, previous interventions have only shown the absence 
of deleterious e$ects of this reduction on mortality rates [5, 6]. In 
our study the crude death rate from hospital-acquired MDR BSIs 
decreased during the intervention, likely driven by the lower inci-
dence of these infections associated with reduced use of antimi-
crobials. However, we also observed a reduction in the mortality 
rate due to non-MDR BSIs, even though the incidence of non-
MDR BSIs remained unchanged during the intervention period. 
#is improvement in outcomes among patients with non-MDR 
BSIs may resulted from improved management throughout our 
educational antimicrobial stewardship intervention.

In our opinion, the interest of our intervention relies not only 
on its e%cacy but also in its methods. Many di$erent interven-
tions have been published so far, and no consensus exists on 
which may be more e$ective [5, 6]. Educational interventions 
have usually played a supplementary role in ASPs, and many 
authors have doubted the e$ect of adding educational measures 
to these programs, considering them dispensable [4, 5, 31]. Our 
results prove that educational interventions can be successful 
when based on active learning targeted toward real clinical 
problems of interest to specialists of all departments.

It has also been a matter of debate whether persuasive inter-
ventions are as e$ective as restrictions [5]. Restrictive measures 
have proved rapidly e$ective in reducing the use of speci"c anti-
biotics and the incidence of resistant bacteria linked to these 
antibiotics and thus might be indispensable in certain scenar-
ios, such as epidemic outbreaks [32]. However, mandatory 
interruptions of antimicrobial treatments might be rejected by 
prescribers, who may feel that their autonomy is being inter-
fered with [33, 34]. Moreover, restrictions on speci"c antibiotic 
agents may increase the use of other antibiotics with unintended 
consequences, as explained above [12, 13, 30]. Other e$ective 
persuasive measures can also be found in the literature, usually 
based on the review of clinical charts followed by noncompul-
sory recommendations on antimicrobial treatments [5, 11, 35], 
but these interventions can be considerably time consuming 
and must be restricted to certain antibiotics or departments. 

#e aim of our program was not to change individual prescrip-
tions but to teach prescribers to make better use of antibiotics 
for future patients. Indeed, the number of treatments reviewed 
by the PRIOAM team was relatively low compared with the 
number of all treatments prescribed in the hospital through-
out the study period. #e repetition of basic short messages to 
the prescribers proved e$ective in changing the way antibiotics 
were used in the hospital. In this sense, our program achieved 
results that were at least as e$ective as restrictive or persuasive 
measures hitherto published [5, 6], with a feasible workload and 
a higher level of acceptance among the prescribers.

#e results of PRIOAM attracted the attention of the 
Regional Ministry of Health of Andalusia, which prompted 
the Institutional Program for the Prevention and Control 
of Healthcare Associated Infections and Appropriate Use of 
Antimicrobials (PIRASOA) program in 2014, a comprehensive 
ASP based on the methods of our intervention, in public hospi-
tals and primary care for a population of 8.4 million inhabitants 
[36]. Choosing an appropriate method to analyze ecological 
studies is essential, because unnoticed factors might be respon-
sible for the changes observed. Two-group comparison tests 
have been strongly discouraged owing to their high suscepti-
bility to di$erent biases [37] even though many publications 

Table 1. Potential Changes in Healthcare During the Study Period by Year

Healthcare Variable 2009 2010 2011 2012 2013 2014 2015

Blood cultures, No. per 1000 patients 51.16 52.80 54.96 56.39 57.99 58.41 62.07
Solid-organ transplantations, No. 298 291 284 326 349 387 367
HSCTs, No. 78 77 95 100 124 136 130
Allogeneic HSCTs, No. 51 46 53 54 64 74 63
Surgical procedures, No. 61 605 61 013 58 987 56 329 87 074 84 272 80 703
Case mix index 1.91 2.02 2.05 2.04 2.11 2.15 2.11
ICU beds, No. 72 72 68 68 72 74 72
Study of MDR bacteria carriers in ICU No No No No Yes Yes Yes

Abbreviations: HSCTs, hematopoietic stem-cell transplantations; ICU, intensive care unit; MDR, multidrug-resistant.
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still support their results on bivariate analysis [38, 39]. "e ITS 
method is the most robust for assessing time trends, and its use 
should be preferential to measure the impact of most ASPs [37], 
as we did. Moreover, to avoid any possible ecological bias, we 
analyzed in detail the activity of the hospital and the microbiol-
ogy department during the study period, and no confounding 
factors were detected. Besides, no additional interventions tar-
geting antibiotic use were performed in the center during this 
period. "us, it seems clear that the reduction in the antibiotic 
consumption is attributable to our intervention. 

Regarding the decrease in MDR BSIs, it is important to ana-
lyze the potential role of parallel transmission control meas-
ures. "e active surveillance program started in the ICU in 
November 2012 undoubtedly had an important impact on the 
incidence of A. baumannii infections in this unit. "is is why we 
decided to perform the joinpoint regression analysis in addition 
to the ITS analysis, to determine mathematically (not subjec-
tively) the in#ection point in the time trend. "is analysis estab-
lished that the point of in#ection in the incidence of MDR BSIs 
preceded this surveillance program for >1 year. Furthermore, 
this reduction was observed at the hospital level (not only in 
the ICU where this initiative was exclusively performed) and 
also a$ected the incidence of MDR microorganisms that do not 
require patient isolation measures according to our local poli-
cies (eg, Candida spp. or ESBL-producing E. coli), making the 
participation of the surveillance program unlikely at this point. 
Finally, the reduction in hospital-acquired MDR BSIs was not 
accompanied by a decrease in nosocomial BSIs produced by 
susceptible microorganisms. Again, these data support the idea 
that the reduction of antibiotic pressure was the most likely 
cause of this change and no other factors (eg, improvements in 
general prophylactic or hygienic measures), which should have 
equally a$ected both resistant and susceptible microorganisms.

In conclusion, the results of this study show that the decrease 
and better use of antibiotics achieved by our ASP had a sus-
tained ecological and clinical impact, reducing the incidence 
and mortality rate of hospital-acquired candidemia and MDR 
BSIs. In our opinion, the key to its success has been the peda-
gogical design and the institutional support, which gained the 
acceptance of the prescribers, the true protagonists of a sustain-
able change in the use of antibiotics.
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s  u  m  m  a  r  y  

Objectives:  Antibiotic  stewardship  programs  (ASP)  have  already  demonstrated  clinical  benefits.  However,  
their  effectiveness  or  safety  in  immunocompromised  hosts  needs  to  be  proved.  
Methods:  An  ecologic  quasi-experimental  study  was  performed  from  January  2009  to  June  2017  in  the  
Oncology  department  of  a  tertiary-care  hospital.  A  stable  program  of  Infectious  Diseases  consultation  
(IDC)  already  existed  at  this  unit,  and  an  educational  ASP  was  added  in  2011.  Its  main  intervention  con-  
sisted  of  face-to-face  educational  interviews.  Antibiotic  consumption  was  assessed  through  quarterly  De-  
fined  Daily  Doses  (DDD)  per  100  occupied  bed-days.  Mortality  was  evaluated  in  patients  with  blood-  
stream  infections  through  the  quarterly  incidence  density  per  10  0  0  admissions,  and  the  annual  mortality  
rates  at  7  and  30-days.  Time-trends  were  analysed  through  segmented-regression  analysis,  and  the  im-  
pact  of  the  ASP  was  assessed  through  before-after  interrupted  time-series  analysis.  
Results:  Mortality  significantly  decreased  throughout  the  study  period  (  −13.3%  annual  reduction  for  7-day

mortality  rate,  p  <  0.01;  −8.1%  annual  reduction  for  30-day  mortality,  p  =  0.03),  parallel  to  a  reduction  in
antibiotic  consumption  (quarterly  reduction  −0.4%,  p  =  0.01),  especially  for  broader-spectrum  antibiotics.

The  before-after  study  settled  a  significant  inflexion  point  on  the  ASP  implementation  for  the  reduction  
of  antibiotic  consumption  (change  in  level  0.95  DDD,  p  =  0.71;  change  in  slope  −1.98  DDD  per  quarter,

p  <  0.01).  The  decreasing  trend  for  mortality  before  the  ASP  also  continued  after  its  implementation.  
Conclusions:  The  combination  of  an  ASP  with  IDC  improved  antibiotic  use  among  patients  with  cancer,  
and  was  accompanied  by  a  reduction  of  mortality  of  bacteraemic  infections.  Implementation  of  the  ASP  
was  necessary  to  effectively  change  antibiotic  use.  

© 2019  The  British  Infection  Association.  Published  by  Elsevier  Ltd.  All  rights  reserved.  

Introduction  

Antimicrobial  Stewardship  Programs  (ASPs)  have  proved  signif-  

icant  benefits  on  the  outcome  of  patients  with  infections.  1  How-  

ever,  the  evidence  supporting  the  effect  of  these  interventions  on  

immunosuppressed  patients  remains  limited.  2  The  impact  of  ASPs  

might  be  especially  relevant  in  this  setting,  as  long  as  they  are  

∗ Corresponding  author.

E-mail  address:  josem.cisneros.sspa@juntadeandalucia.es  (J.M.  Cisneros).

especially  exposed  to  the  deleterious  consequences  of  the  inappro-  

priate  use  of  antibiotics,  i.e.  a  superior  mortality  3  and  an  increased  

risk  of  infections  caused  by  multidrug-resistant  microorganisms.  4  

However,  their  implementation  has  been  traditionally  hindered  by  

the  reluctance  of  clinicians  who  may  question  the  safety  and  effec-  

tiveness  of  narrower-spectrum  agents  or  shorter  courses  of  antibi-  

otics  when  treating  infections  in  immunocompromised  patients.  5  

Indeed,  very  few  studies  have  addressed  the  results  of  these  in-  

terventions  in  patients  with  cancer,  and  their  achievements  have  

been  mostly  limited  to  reducing  the  economic  costs  or  antibiotic  

https://doi.org/10.1016/j.jinf.2019.07.002  
0163-4453/© 2019  The  British  Infection  Association.  Published  by  Elsevier  Ltd.  All  rights  reserved.  
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consumption,  with  scarce  information  on  their  clinical  impact.  6–9  

This  is  why  the  generation  of  good-quality  evidence  supporting  the  

clinical  benefits  and  feasibility  of  these  initiatives  has  been  de-  

manded  as  a  critical  aspect  to  promote  their  application  in  this  

setting.  2  

In  this  article,  we  show  the  long-term  results  achieved  by  an  

educational  ASP  associated  with  Infectious  Diseases  consultation  

(IDC)  on  mortality  and  antibiotic  use  of  hospitalized  patients  with  

solid  cancer  over  a  9-year  period.  

Methods  

Study  design  and  period  

A  quasi-experimental  ecologic  study  with  a  time-trend  analysis  

was  performed  over  34  quarters  from  January  2009  to  June  2017.  

Setting  

The  intervention  was  implemented  in  the  20-bed  Oncology  

ward  of  University  Hospital  Virgen  del  Rocío,  a  tertiary-care  hos-  

pital  in  Seville  (Spain).  Patients  with  solid,  non-hematological  ma-  

lignancies  were  attended  in  this  unit.  The  same  two  senior  oncol-  

ogists  attended  hospitalized  patients  throughout  the  whole  study  

period.  

Ethics  

The  study  was  approved  by  the  local  Ethics  Committee.  

Intervention  

A  stable  IDC  program  has  been  performed  in  the  Oncology  

ward  for  the  last  20  years,  consisting  of  bedside  advice  on  the  

management  of  complex  infections  and  early  report  of  all  blood-  

stream  infections  (BSI).  In  January  2011,  an  educational  ASP  was  

prompted  throughout  the  entire  hospital,  whose  methodology  

and  general  results  have  already  been  published.  10,11  In  brief,  it  

consisted  of  a  bundle  of  educative  measures,  designed  and  per-  

formed  by  a  multidisciplinary  team  including  Infectious  Diseases  

physicians,  Microbiologists,  Pharmacists,  Intensive  Care  physicians,  

Paediatricians  and  Preventivists.  In  the  specific  case  of  Oncology,  

the  intervention  included:  a)  development  of  consensual  clinical  

guidelines  for  common  infectious  syndromes  in  patients  with  

cancer  12  ;  b)  face-to-face  structured  educational  interviews  with  

Oncologists  on  the  basis  of  specific  antibiotic  prescriptions  to  

reinforce  the  principles  of  the  correct  use  of  antibiotics  (supple-  

mentary  file  1);  prescriptions  employed  for  interviews  were  ran-  

domly  selected  (not  targeted  toward  specific  classes  of  antibiotics),  

and  their  aim  was  merely  pedagogic  (not  auditing);  c)  periodical  

clinical  sessions  tackling  practical  aspects  of  the  management  of  

infections  in  Oncology;  d)  incorporation  of  the  objectives  of  the  

ASP  to  the  annual  agreement  signed  by  the  department  and  the  

hospital  director;  and  e)  quarterly  reports  to  the  Head  of  depart-  

ment  with  the  level  of  attainment  of  annual  pre-agreed  objectives.  

The  usual  Infectious  Diseases  consultant  on  the  Oncology  ward  led  

the  implementation  of  these  tasks  in  the  department.  The  main  

messages  tackled  in  educational  interviews  were:  identification  

and  management  of  sepsis,  interpretation  of  microbiologic  results,  

de-escalation  and  sequential  oral  treatments  whenever  possible,  

diversification  of  antibiotic  prescriptions  and  training  in  optimal  

duration  of  antibiotic  courses  (supplementary  file  1).  

No  other  interventions  concerning  antibiotic  use  (e.g.  antibiotic  

policies,  restrictions,  etc.)  were  performed  during  the  study  pe-  

riod.  The  infection  control  program  in  this  department  consisted  

exclusively  of  the  isolation  of  patients  with  resistant  bacteria  re-  

covered  from  clinical  samples.  No  new  actions  were  implemented  

regarding  the  prevention  of  infections  in  these  patients  either.  

Outcomes  

The  incidence  of  BSI  produced  by  the  six  most  relevant  mi-  

croorganisms  was  monitored  (coagulase-negative  Staphylococci  

excluded):  Escherichia  coli,  Klebsiella  pneumoniae,  Acinetobacter  

baumannii,  Pseudomonas  aeruginosa,  Staphylococcus  aureus,  and  

Candida  spp.,  and  specifically  the  incidence  of  multidrug-resistant  

strains  in  the  Oncology  ward  (as  defined  in  supplementary  file  2).  

Surveillance  data  were  stored  and  analysed  using  WHONET  5.3.  

The  impact  of  the  intervention  on  the  clinical  management  of  

serious  infections  was  measured  through  the  rate  of  early  (7-day)  

and  late  (30-day)  all-cause  mortality  among  patients  developing  

these  BSI,  which  were  recorded  yearly.  The  magnitude  of  the  effect  

on  mortality  was  also  evaluated  through  quarterly  measures  of  the  

incidence  density  (ID)  of  early  and  late  deaths  among  patients  with  

BSI  (i.e.  number  of  deaths  per  10  0  0  admissions).  Patients  dying  in  

less  than  24  h  after  blood  samples  collection  were  not  considered  

for  the  mortality  analysis,  as  previously  proposed,  13,14  for  a  better  

selection  of  patients  actually  benefitting  from  this  intervention  

targeting  an  optimised  use  of  antibiotics.  Oncologic  patients  ad-  

mitted  in  such  severe  condition  that  produces  death  in  just  a  few  

hours  are  frequently  not  candidates  for  intensive  support,  which  

undercuts  the  effectiveness  of  any  other  therapeutic  measure.  

The  potential  changes  in  antibiotic  use  promoted  by  the  inter-  

vention  were  evaluated  through  quarterly  measures  of  the  con-  

sumption  of  all-class  antibiotics  (ATC  group  J01  and  J02),  and  

specifically  antipseudomonal  betalactams.  Consumption  was  calcu-  

lated  as  Defined  Daily  Doses  (DDD)  per  100  occupied  bed-days  

(OBD),  according  to  the  Anatomical  Therapeutical  Chemical  Clas-  

sification  (ATC/DDD)  methodology.  15  In  order  to  evaluate  the  im-  

plementation  of  switching  to  oral  treatments,  the  quarterly  rate  of  

oral  antibiotic  agents  DDDs  prescribed  over  the  global  number  of  

DDDs  was  also  recorded.  The  impact  on  direct  costs  was  evaluated  

through  the  monitoring  of  quarterly  pharmacy  expenditures  in  

antimicrobial  drugs  of  the  Oncology  department.  

Statistical  analysis  

Two  different  analyses  were  performed  to  evaluate  the  impact  

of  both  interventions  (the  IDC  and  the  ASP).  A  time-trend  study  

with  a  segmented-regression  analysis  was  carried  out  during  the  

whole  study  period  (2009–2017)  to  assess  the  long-term  impact  of  

the  combination  of  both  interventions.  Additionally,  to  evaluate  the  

specific  effect  of  the  ASP,  an  interrupted  time-series  (ITS)  regres-  

sion  analysis  was  performed  to  compare  trends  before  and  after  

the  program,  following  Cochrane  Effective  Practice  and  Organiza-  

tion  Care  recommendations.  16  Two  standardized  effect  sizes  were  

estimated:  changes  in  level  (difference  between  the  observed  out-  

come  at  the  first  time  point  of  the  intervention  and  the  point  pre-  

dicted  by  the  pre-intervention  trend),  and  changes  in  trend  (dif-  

ference  between  pre-  and  post-intervention  slopes)  following  the  

intervention.  A  p  value  of  <  0.05  was  considered  statistically  signif-  

icant.  Tests  were  2-tailed.  Statistical  analyses  were  performed  with  

Joinpoint  Regression  Program  v.4.5.0.1  and  R  software  v.3.4.3.  

Results  

252  episodes  of  BSI  over  34  quarters  were  recorded.  The  ID  

of  BSI  remained  stable  (average  incidence  4.37  episodes  per  10  0  0  

OBD,  quarterly  percentage  of  change  −1%  CI95%  −2.5,  0.5,  p  =  0.17),
as  well  as  the  ID  of  BSI  produced  by  multi-drug  resistant  bacteria,  

which  kept  low  during  all  the  study  period  (average  incidence  0.62  



!

Ue"
"

 208  Clinical  impact  of  ASP  and  IDC  on  cancer  patients  /  Journal  of  Infection  79  (2019)  206–211  

Fig.  1.  Time  trends  of  the  early  (7-day)  and  late  (30-day)  mortality  of  patients  with  
bloodstream  infections  (BSI)  throughout  the  study  period.  
∗ The  decreasing  trend  was  statistically  significant  for  all  indicators,  including  early

mortality  rate  (  −13.3%  yearly  reduction;  CI95%  −20.5;  −5.4  p  =  0.006),  late  mortal-  
ity  rate  (  −8,1%  yearly  reduction;  CI95%  −15;  −0.7%  p  =  0.03),  incidence  density  of

early  deaths  (  −18%  annual  reduction;  CI95%  −23.2;  −12.5  p  <  0.0  0  01)  and  incidence

density  of  late  deaths  (  −13.5%  annual  reduction;  CI95%  −19.9;  -  6.5,  p  =  0.003)

among  patients  with  BSI.  
2017  data  refers  to  the  months  included  in  the  study  period  (January  1st  to  June  
30th).  

episodes  per  10  0  0  OBD,  quarterly  percentage  of  change  0,2%  CI95%  

−0.8,  1.2,  p  =  0.70)  (see  supplementary  file  2).
A  total  number  of  128  individual  educational  interviews  (av-  

erage  10  interviews  per  physician  a  year),  10  clinical  sessions  

(1–2  per  year)  and  26  reports  to  the  Head  of  department  were  

delivered  after  the  initiation  of  the  ASP  in  January  of  2011.  

A  significant  reduction  in  early  and  late  mortality  of  patients  

with  BSI  was  observed  over  the  whole  study  period.  Seven  and  30-  

day  crude  mortality  rate  decreased  a  13.3%  per  year  (CI95%  −20.5;
−5.4  p  <  0.01)  and  −8.1%  per  year  (CI95%  −15;  −0.7%  p  =  0.03)
respectively.  The  ID  of  early  deaths  per  10  0  0  admissions  among
patients  with  BSI  was  also  reduced  (  −18%  annual  reduction;  CI95%
−23.2;  −12.5  p  <  0.0  0  01),  as  well  as  the  ID  of  late  deaths  (  −13.5%
annual  reduction;  CI95%  −19.9;  -  6.5,  p  <  0.01)  (  Fig.  1  ).  A  signifi-  

cant  reduction  in  the  global  consumption  of  antibiotics  was  proved  

(quarterly  reduction  −0.4%  CI95%  −0.7;  −0.1,  p  =  0.01),  and  specifi-  

cally  for  antipseudomonal  betalactams  (quarterly  reduction  −1.23%
CI95%  −1.85;  −0.61,  p  <  0.001).  Direct  expenditure  in  antimicro-  

bials  was  also  significantly  reduced  by  the  end  of  the  study  period  

(quarterly  reduction  −1484  € CI95%  −2020  to  −949  €,  p  <  0.01).
Conversely,  the  rate  of  oral  antibiotics  prescribed  over  the  total  

number  of  DDDs  increased  progressively  (quarterly  increase  0.90%  

CI95%  0.10;  1.72,  p  =  0.02).  The  evolution  of  consumption  for
specific  antibiotics  can  be  found  in  supplementary  file  3.  

We  analysed  the  specific  impact  of  our  ASP  on  these  results  

through  a  before-after  ITS  analysis  (  Table  1  ).  After  the  implemen-  

tation  of  the  ASP,  the  descending  trend  in  the  ID  of  mortality  

observed  in  the  pre-intervention  period  was  maintained,  with  no  

significant  changes  in  slope  proved  in  this  case  (  Table  1  ,  Fig.  2  ).  

When  variables  assessing  antibiotic  use  were  analysed,  a  signifi-  

cant  inflection  point  was  demonstrated  after  the  ASP  initiation  for  

all  of  them,  except  for  the  rate  of  oral  antibiotic  prescriptions,  for  

which  a  non-significant  improvement  was  also  observed  (  Table  1  

and  Fig.  3  ).  Evaluation  of  the  quality  of  the  prescriptions  was  not  

systematically  performed,  but  the  educational  interviews  allowed  

describing  some  of  the  most  frequent  reasons  for  inappropriate  

use  of  antibiotics  in  the  unit.  An  incorrect  selection  of  the  agent  

according  to  the  clinical  diagnosis  (28.6%)  in  the  case  of  empiric  

treatments,  and  failing  to  de-escalate  or  inappropriate  duration  in  

the  case  of  definite  therapies  (19.6%  for  both  causes)  motivated  

most  of  the  inadequate  prescriptions  (see  supplementary  file  4).  

Discussion  

Our  results  show  that  the  association  of  an  educational  ASP  

with  IDC  was  able  to  achieve  long-term  improvements  in  antibi-  

otic  use,  and  was  accompanied  by  a  reduction  of  the  mortality  of  

bacteraemic  infections  among  patients  with  solid  tumours.  To  our  

knowledge,  this  is  the  first  study  proving  such  benefits  for  these  

interventions  in  the  setting  of  immunocompromised  hosts.  

A  maintained  reduction  in  both  the  incidence  and  the  mortal-  

ity  rate  of  patients  with  BSI  (  Fig.  1  )  was  observed  throughout  the  

study  period.  The  30-day  mortality  rate  described  at  the  begin-  

ning  of  the  study  (mean  rate  39%)  was  similar  to  other  large  co-  

horts,  3,17  but  by  the  end  of  the  intervention,  it  had  significantly  

decreased  to  a  mean  mortality  rate  of  20%.  Noticeably,  our  results  

also  show  a  significant  reduction  in  early  crude  mortality  through-  

out  the  study  period  (  Fig.  1  ),  which  would  correlate  better  to  an  

improved  management  of  these  acute  infections,  and  should  not  be  

expected  to  be  modified  by  other  improvements  in  general  care  of  

cancer  patients  (e.g.  chemotherapy  schemes).  

IDC  had  already  proved  beneficial  to  the  survival  of  patients  

with  BSI  produced  by  S.  aureus  18  and  Candida  spp.  14  .  However,  

other  studies  with  a  wider  scope,  analysing  all-cause  BSI,  have  

only  observed  better  antimicrobial  use  with  no  impact  on  mortal-  

ity  when  assessing  the  role  of  the  counselling.  19,20  Moreover,  none  

of  these  studies  have  assessed  the  impact  of  IDC  in  the  specific  set-  

ting  of  patients  with  cancer.  Our  results  provide  valuable  informa-  

tion  in  this  regard,  showing  a  significant  improvement  in  survival  

parallel  to  maintained  IDC  in  a  large  cohort  of  cancer  patients  with  

BSI,  which  was  not  limited  to  specific  aetiologies.  

With  this  study,  we  aimed  to  evaluate  the  specific  impact  of  the  

ASP  on  mortality.  The  pre-intervention  decreasing  trend  in  mor-  

tality  was  maintained  after  the  implementation  of  the  steward-  

ship  program,  but  no  significant  changes  in  the  slope  were  estab-  

lished  (  Fig.  2  ).  These  results  prevent  us  from  definitely  establishing  

a  causality  relationship  between  the  ASP  itself  and  the  reduction  

of  mortality,  but  seems  likely  that  the  combined  effect  of  both  in-  

terventions  (the  IDC  and  the  ASP)  contributed  significantly  for  this  

sustained  trend.  At  least,  these  data  should  highlight  the  safety  of  

the  strategies  of  rational  use  of  antibiotics  promoted  by  the  ASP,  

also  in  this  population  of  immunosuppressed  hosts.  These  results  

are  consistent  with  that  obtained  by  a  recent  clinical  trial  devel-  

oped  by  our  group,  which  demonstrated  the  safety  of  interrupt-  

ing  antibiotic  treatment  in  hematologic  patients  with  febrile  neu-  

tropenia  after  confirming  the  clinical  cure.  21  We  believe  this  new  

information  to  be  relevant,  since  most  studies  on  ASP  developed  

in  immunosuppressed  populations  have  limited  their  results  to  the  

reduction  in  the  consumption  of  certain  antibiotics  with  no  infor-  

mation  on  their  clinical  effects  or,  at  best,  showing  an  absence  of  

an  increase  in  mortality.  6–9  To  our  knowledge,  before  ours  only  

two  ASPs  developed  in  patients  with  cancer  have  reported  a  reduc-  

tion  in  mortality.  22,23  They  both  based  their  conclusions  on  two-  

group  comparison  tests  which  directly  measured  differences  be-  

fore  and  after  the  intervention,  but  this  kind  of  analyses  have  been  

strongly  discouraged  in  the  assessment  of  ASPs  due  to  their  high  
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Table  1  
Interrupted  time-series  analysis  of  the  clinical  outcomes  and  antibiotic  use  changes  observed  after  the  implementation  of  the  antimicrobial  stewardship  
program.  

Change  in  level  a  (CI95%)  Change  in  slope  b  (CI95%)  

Deaths  per  1000  admissions  (7  days)  −0.43  (  −7.07;  6.20) −0.07  (  −1.43;  1.29)

Deaths  per  1000  admissions  (30  days)  −0.34  (  −9.71;  9.01) −0.77  (  −2.69;  1.15)

DDD  of  all-class  antimicrobials  (J01  +  J02)  /100  OBD 0.95  (  −4.04;  5.96) −1.98  (  −3.31;  −0.64)  ∗

DDD  of  antipseudomonal  betalactams  /100  OBD  −4.04  (  −7.6  1;  −0.46)  ∗ −1.08  (  −1.96;  −0.21)  ∗

Pharmacy  expenditures  in  antimicrobial  agents(  €)  −4770  (  −7360;  −2180)  ∗ −1484  (  −2020;  −949)  ∗

Rate  of  DDD  of  oral  antimicrobials  over  all  DDD  (%)  −2.14  (  −10.48;  6.20) 0.51  (  −1.41;  2.42)

OBD:  Occupied  bed-days;  DDD:  defined  daily  dose.  
a  Reduction  in  the  first  quarter  after  the  intervention  with  respect  to  the  expected  value.  
b  Average  reduction  per  quarter  after  the  intervention.  
∗ p  <  0.05  .  

Fig.  2.  Interrupted  time-series  analysis  of  the  trends  in  mortality  among  patients  with  bloodstream  infections  (BSI)  observed  before  and  after  the  implementation  of  the  
antimicrobial  stewardship  program.  
(a)  Before-after  trends  in  incidence  density  of  early  deaths  per  10  0  0  admissions  among  patients  developing  bloodstream  infections,  measured  at  the  7th  day  after  the  BSI

diagnosis.  (b)  Before-after  trends  in  incidence  density  of  late  deaths  per  10  0  0  admissions  among  patients  developing  bloodstream  infections,  measured  at  the  30th  day  after

the  BSI  diagnosis.

Solid  blue  lines  show  the  observed  trend  during  the  pre-intervention  period.  Dashed  blue  lines  show  the  expected  trend  after  the  intervention  according  to  the  pre-  
intervention  values.  Solid  red  lines  show  the  observed  trend  after  the  intervention.

Change  in  level  :  indicates  the  reduction  in  the  first  trimester  after  the  intervention  with  respect  to  the  expected  value.

Change  in  trend  .  Indicates  the  average  reduction  achieved  per  quarter  after  the  intervention.

IDC  :  Infectious  Diseases  Counseling;  ASP  :  Antimicrobial  Stewardship  Program.  (For  interpretation  of  the  references  to  colour  in  this  figure  legend,  the  reader  is  referred  to  the

web  version  of  this  article.)
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Fig.  3.  Interrupted  time-series  analysis  of  the  trends  in  antibiotic  use  observed  after  
the  implementation  of  the  antimicrobial  stewardship  program.  
(a)  Before-after  trends  in  global  consumption  of  antibiotics;  (b)  Before-after  trends

in  consumption  of  antipseudomonal  betalactams;  (c)  Before-after  trends  in  the  rate

of  DDD  of  oral  antibiotics  prescribed  over  the  total  number  of  DDDs;  (d)  Before-  
after  trends  in  the  direct  Pharmacy  expenditures  in  antimicrobials.

Solid  blue  lines  show  the  observed  trend  during  the  pre-intervention  period.

Dashed  blue  lines  show  the  expected  trend  after  the  intervention  according  to

the  pre-intervention  values.  Solid  red  lines  show  the  observed  trend  after  the

intervention.

Change  in  level  :  indicates  the  reduction  in  the  first  trimester  after  the  intervention

with  respect  to  the  expected  value.

Change  in  trend  .  Indicates  the  average  reduction  achieved  per  quarter  after  the

intervention.

IDC  :  Infectious  Diseases  Counseling;  ASP  :  Antimicrobial  Stewardship  Program.

risk  of  bias.  24  Indeed,  the  internal  validity  of  both  studies  seems  

to  be  undercut  by  a  limited  sample  size  and  study  period,  and  a  

seemingly  uneven  distribution  of  basal  characteristics  and  clinical  

presentation  of  the  infections  evaluated  between  groups.  22,23  ITS  

have  been  pointed  out  as  the  preferential  method  to  assess  the  im-  

pact  of  interventions,  as  we  did.  16,25  

The  ASP  had  a  significant  impact  on  the  use  of  antibiotics  in  

the  unit.  Our  data  show  how  the  implementation  of  structured  in-  

terventions  is  necessary  to  change  the  way  antibiotic  are  used  in  

these  kinds  of  units,  suggesting  that  the  sole  clinical  counselling  

may  be  insufficient  to  achieve  this  goal.  In  fact,  when  variables  

regarding  antimicrobial  consumption  were  analysed,  we  observed  

stable  or  even  worsening  trends  in  antibiotic  use  during  the  years  

preceding  the  ASP  (  Fig.  3  ).  This  might  be  explained  because  in  

traditional  IDC,  the  intervention  of  the  expert  is  limited  to  the  

patients  attended  by  the  consultant,  and  this  may  not  necessar-  

ily  change  the  use  of  antibiotics  in  the  entire  unit.  Our  ASP  con-  

sisted  of  a  bundle  of  educational  interventions  aiming  to  improve  

the  knowledge  of  all  Oncologists  on  the  principles  of  a  correct  an-  

timicrobial  treatment,  10  and  it  was  only  after  their  implementation  

when  global  antibiotic  use  in  the  unit  was  truly  improved.  

The  study  has  some  limitations.  The  possibility  of  an  ecologic  

bias  is  inherent  to  the  design,  and  causality  should  be  cautiously  

considered.  We  analysed  in  detail  any  possible  interference  from  

potential  confounding  factors,  and  recorded  no  significant  changes  

in  the  incidence  of  all-cause  BSI  or  multi-drug  resistant  microor-  

ganisms,  no  significant  modifications  in  the  portfolio  of  services  

of  the  Oncology  department  occurred,  and  no  other  interventions  

affecting  antibiotic  policies,  infection  control  or  antibiotic  prophy-  

laxis  were  implemented  during  the  study  period.  A  more  com-  

plex  methodology  for  the  statistical  analyses  was  also  chosen  to  

prevent  some  of  these  potential  biases,  24  showing  consistent  re-  

sults  throughout  all  the  variables  evaluated.  Causality  cannot  be  

definitely  established  by  this  design  (especially  for  mortality  vari-  

ables),  but  the  consistency  between  all  these  data  supports  the  fea-  

sibility  of  this  hypothesis.  Of  note,  the  expiration  of  the  patent  of  

imipenem  (March  2010)  and  meropenem  (April  2011),  as  well  as  

minor  changes  in  the  costs  of  other  antimicrobials  throughout  the  

study  period  may  have  explained  some  part  of  the  reduction  in  

Pharmacy  expenditure  reported.  The  effect  of  this  circumstance  on  

final  results  should  be  expected  secondary,  since  the  reduction  in  

antibiotic  consumption  was  not  limited  to  carbapenems,  and  con-  

tinued  throughout  the  whole  study  period,  years  after  the  patent  

expiration.  The  close  interrelation  between  both  interventions  eval-  

uated  (the  IDC  and  the  ASP)  made  it  difficult  to  measure  the  pre-  

cise  weight  of  each  one  on  the  final  outcomes  achieved.  Nonethe-  

less,  the  significance  of  this  precise  information  may  be  less  rel-  

evant,  since  they  are  usually  also  carried  out  together  in  real-life.  

Finally,  the  single-centre  design  of  the  study  makes  it  necessary  

to  confirm  the  reproducibility  of  our  results  in  different  healthcare  

centres;  in  this  sense,  we  believe  that  our  work  may  serve  as  a  

solid  proof-of-concept  to  encourage  the  implementation  of  similar  

programs,  and  offer  new  arguments  to  avoid  the  reluctance  of  clin-  

icians  still  unsure  of  the  safety  of  these  initiatives.  

To  sum  up,  this  study  suggests  a  substantial  contribution  of  the  

IDC  and  ASPs  for  improving  the  outcome  of  BSI  in  patients  with  

solid  cancer,  and  for  promoting  better  use  of  antibiotics  in  this  set-  

ting.  Our  results  also  show  the  safety  of  the  strategies  of  rational  

use  of  antibiotics  among  immunocompromised  hosts,  and  define  

the  necessity  of  implementing  structured  ASPs  beyond  sole  clinical  

counselling  to  achieve  this  goal.  
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1,496 patients were screened for the study

248 patients were randomized

119 allocated in the 
experimental arm

129 allocated in the 
control arm

4 patientes were excluded due to 
protocol violation.
13 patients were excluded due to an 
uncontrolled source inadverted at the 
moment of randomisation.

2 patientes were excluded due to 
protocol violation.
12 patients were excluded due to an 
uncontrolled source inadverted at the 
moment of randomisation.

93 included for the  
per protocol 

analysis

108 included for 
the per protocol 

analysis

Criteria of exclusion:

327 patients presented an 
uncontrolled source.

302 failed to be randomised within 
72h from the diagnosis, or 
impossibility for the follow-up.

173 presented BSI due to, or 
associated with infections requiring 
prolonged antibiotic use.

111 had a expected survival inferior 
to 48h.

89 patients had polymicrobial BSI

76 patients presented prolonged 
neutropenia.

75 patients refused to participate.

95 patients were excluded due to 
other criteria.

110 included for 
the intention-to-

treat analysis

122 included in the 
intention-to-treat 

analysis

9 patients were lost 
for follow-up.

7 patients were lost 
for follow-up.

Fig 2. Flowchart for randomization and patient allocation. 
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Supplementary file 1. Additional information on trial methodology. 

Microbiological assays. Blood culture bottles were incubated using a BACTEC FX system. 

Gram-stained smears from positive samples were visualized, and a Matrix-assisted laser 

desorption ionization-time of flight mass spectrometry (MALDI-TOF MS) from the sediment 

of the positive blood culture was performed, and timely communicated to clinicians. 

Minimum inhibitory concentrations and the identification of extended-spectrum 

betalactamases (ESBL) or ampC producers were determined according to the European 

Committee on Antimicrobial Susceptibility Testing (EUCAST). 

Definition of clinical variables. 

Charlson index: The Charlson index is a standardized measure to predict risk of death 

within one year of hospitalization for patients depending on their specific 

comorbidities. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of 

classifying prognostic comorbidity in longitudinal studies: development and 

validation. J Chronic Dis 1987;40(5):373-83. 

Patient care: Defines in which setting the EBSI was managed. Outpatients were those 

entirely managed in the community through external consult visits. Inpatient were 

those requiring hospitalisation. In the participating centres of this trial, as in other 

hospitals in Spain, it is frequent to obtain blood cultures from febrile patients attended 

at the ER who do not meet criteria for hospitalisation and are discharged with 

antibiotic treatment. Many of these patients, if receiving appropriate oral antibiotic 

treatment, are already asymptomatic when they are contacted after receiving the 

positive result of the blood culture 24-48h later, especially in the population studied 

by this trial with a high prevalence of urinary tract infections. This practice is part of 

clinical routine at our ERs and allows to the ID team to locate community patients 
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with inappropriate empirical treatment or unexpected worsening clinical condition. 

The design of the trial was intended to be pragmatic, and thus hospitalisation was not 

set as a requirement to recruit patients. Since this was the routine practice in many of 

the participating centres, we allowed the episodes managed in the community, as long 

as the appropriate follow-up established by the trial protocol could be granted. 

Criteria for hospitalisation, as defined in the methods, were left to the judgment of the 

clinician in charge. 

Sepsis: A life-threatening organ dysfunction caused by a dysregulated host response to 

infection. For clinical operationalization, organ dysfunction can be represented by an increase 

in the Sequential [Sepsis-related] Organ Failure Assessment (SOFA) score of 2 points or 

more. Patients who present with two or more of these signs during a known episode of 

bacteremia will also be considered septic: respiratory rate of 22/min or greater, altered 

mentation, or systolic blood pressure of 100 mm Hg or less (Singer M, et al. The Third 

International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA. 2016 Feb 

23;315(8):801-10. doi: 10.1001/jama.2016.0287. PMID: 26903338; PMCID: PMC4968574). 

Septic shock: Patients presenting with sepsis criteria and a vasopressor requirement to 

maintain a mean arterial pressure of 65 mm Hg or greater and serum lactate level greater than 

2 mmol/L (>18 mg/dL) in the absence of hypovolemia ((Singer M, et al. The Third 

International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA. 2016 Feb 

23;315(8):801-10. doi: 10.1001/jama.2016.0287. PMID: 26903338; PMCID: PMC4968574). 

Appropriate empirical treatment: Antibiotic therapy started by the clinician in charge of the 

patient before obtaining the results of the blood culture. It will be considered appropriate if 

the antibiotic scheme included at lest one agent which is active against the bacterium isolated 

in the blood culture. 

Source requiring drainage: Those infections requiring the removal or other invasive 

interventions on the source of the bactermia for an appropriate control of the disease. 
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Includes: derivation of the urinary or biliary tract, drainage of empyema or other deep-seated 

abscesses, removal of a vascular catheter, etc. 

Definition of outcome measures: 

Outcome measures were monitored in all trial visits. The assessment of all outcome measures 

was performed at the end of follow-up. 

Death: The patient is deceased by any cause during the follow-up. 

Clinical cure: disappearance of symptoms and signs of infections, including fever and focal 

symptoms. A patient will be considered apyretic when he/she reaches a temperature equal to 

or lower than 37ºC in a sustained manner in the following days. 

Microbiological cure: negative control blood cultures. 

Relapse of the bacteremia: new isolation in blood cultures of the same microorganism 

responsible for the initial episode of bacteremia, in a patient in whom previous negative blood 

cultures had already been documented. 

Relapse of fever: fever of new onset of any cause (known or unknown), in a patient who had 

already remained apyretic as defined in the clinical cure definition. 

Superinfection: documented infection during the follow-up, produced by a microorganism 

other than the bacterium responsible for the initial episode of bacteremia (including 

Clostridiodes difficile). 
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Supplementary file 2. Main antibiotic classes prescribed. 

(a) Initial empirical treatment prescribed before receiving microbiological results.

Antibiotic treatment 7-day group 14-day group
Amoxicillin-clavulanate 24 30 
Cephalosporins 46 42 
Fluorquinolones 11 17 
Piperacillin-tazobactam 12 17 
Carbapenems 13 11 
Other 9 16 
No empirical treatment 1 2 
Combination therapy as 
empirical treatment 13 15 

(b) Initial targeted treatment prescribed after receiving microbiological results*.

Antibiotic treatment 7-day group 14-day group
Penicillins 7 8 
Amoxicillin-clavulanate 12 16 
Cephalosporins 47 62 
Fluorquinolones 23 18 
Piperacillin-tazobactam 11 13 
Carbapenems 12 11 
Other 5 5 
Combination therapy as 
targeted treatment 2 7 
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Supplementary file 3. Observed characteristics between participants with complete and 
incomplete data 

Experimental Control 
Analyzed 

(110) 
Missing 

(9) 
Analyzed 

(122) 
Missing 

(7) 
Sex female 55 (50) 3 (33) 57 (47) 2 (29) 
Age (median, IQR) 65 (53-76) 70 (56-81) 68 (53-77) 66 (62-72) 
Inpatient care 83 (76) 8 (89) 84 (69) 6 (86) 
Charlson index ≥ 3 50 (46) 4 (44.4) 53 (43) 3 (43) 
Comorbidities 
Diabetes 42 (38) 3 (33) 35 (29) 3 (43) 
Chronic kidney disease 16 (15) 2 (22) 30 (25) 2 (29) 
Haemodialysis 4 (4) 0 8 (7) 0 
Colagenopathies 6 (5) 0 4 (3) 0 
Hepatopathy 9 (8) 1 (11) 13 (11) 0 
Malignancies 29 (26) 3 (33) 28 (23) 4 (57) 
Dementia 3 (3) 0 5 (4) 0 
Solid organ transplantation 5 (5) 0 6 (5) 0 
Mechanisms of resistance 
ESBL 15 (14) 1 (11) 12 (10) 0 
AmpC 3 (3) 1 (11) 7 (6) 2 (29) 
BSI accquisition 
Community 46 (42) 3 (33) 52 (43) 2 (29) 
Healthcare-related 30 (27) 3 (33) 29 (24) 1 (14) 
Hospital 34 (31) 2 (22) 41 (34) 4 (57) 
Source of BSI 
Urinary 66 (60) 4 (44) 62 (51) 4 (57) 
Intraabdominal 15 (14) 1 (11) 17 (14) 1 (14) 
Vascular 14 (13) 0 16 (13) 0 
Respiratory 2 (2) 1 (11) 12 (10) 0 
Unknown 8 (7) 2 (22) 9 (7) 2 (29) 
Other 5 (5) 0 6 (5) 0 
Source requiring drainage 29 (26) 1 (11) 25 (20) 1 (14) 
Inadequate empirical treatment 26 (24) 2 (22) 22 (18) 3 (43) 
Presentation sepsis/septic shock 15 (14) 1 (11) 17 (14) 0 
Other relevant risk factors 
Immunosuppressant drugs 16 (15) 1 (11) 14 (11) 0 
Previous ICU stay (30 days) 13 (12) 0 8 (7) 0 
Previous surgery (30 days) 13 (12) 0 9 (7) 1 (14) 
Permanent indwelling urinary catheter 13 (12) 2 (22) 13 (11) 2 (29) 
Previous urinary obstruction 7 (6) 0 14 (11) 0 
Previous biliary obstruction 6 (5) 2 (22) 7 (6) 1 (14) 
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Suplementary file 4. Observed characteristic of participants excluded from the per 
protocol analysis. 

Experimental 
(n=17) 

Control 
(n=14) 

Sex female 4 (23.5%) 4 (28.6%) 

Age (median, IQR) 55 (47-62) 67 (53-76) 

Patient care 

- Outpatient 0 2 

- Inpatient 14 9 

Charlson index ≥ 3 10 (58.8%) 5 (35.7%) 

Comorbidities 

- Diabetes 5 (29.4%) 3 (21.3%) 

- Chronic kidney disease 5 (29.4%) 5 (35.7%) 

- Malignancies 10 (58.8%) 2 (14.3%) 

- Solid organ transplantation 2 (11.8%) 0 

Microorganism non-Enterobacterales 3 (17.6%) 1 (7.1%) 

Mechanisms of resistance (ESBL or 
AmpC) 

5 (29.4%) 1 (7.1%) 

BSI acquisition (community) 4 (23.5%) 4 (28.5%) 

Source of BSI 

- Urinary 5 (29.4%) 5 (35.7%) 

- Intraabdominal 4 2 

Inadequate empirical treatment 2 3 

Presentation sepsis/septic shock 4 (23.5%) 0 

Other relevant risk factors 

Immunosuppressant drugs 5 (29.4%) 3 (21.3%) 

- Previous ICU stay (30 days) 4 (23.5%) 1 (7.1%) 

- Previous surgery (30 days) 4 (23.5%) 2 (14.3%) 

- Permanent indwelling urinary
catheter

4 (23.5%) 2 (14.3%) 

- Previous biliary obstruction 2 (11.8%) 0 

Outcomes 

- Days of treatment 19 (9-20) 
(n=11/17) 

20 (15-27) 
(n=11/14) 

- Absence of clinical cure 6/13 (46.2%) 5/13 (38.5%) 

- Deaths 0/17 2/14 (14.3%) 
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Supplemetary file 5. Number of patients meeting criteria for treatment interruption on 
day +7 (experimental group) and day +14 (control group). 

Intention to treat cohort. 
Experimental 

(n=119) 
Control 
(n=129) 

Interruption criteria is met 92 (77.3%) 103 (79.8%) 

Interruption criteria is NOT met 15 (12.6%) 10 (7.8%) 

- Persistent symptoms 13 (10,9%) 9 (7%) 

- Other infection 2 (1.7%) 1 (0.8%) 

Not assessed* 12 (10.1%) 16 (12.4%) 

*Death before assessment, not assessed after exclusion or lost to follow-up.

Per protocol cohort. 
Experimental 

(n=93) 
Control 
(n=108) 

Interruption criteria is met 84 (90.3%) 102 (94.4%) 

Interruption criteria is NOT met 9 (9.7%) 3 (2.8%) 

- Persistent symptoms 7 (7.5%) 2 (1.9%) 

- Other infection 2 (2.2%) 1 (0.9%) 

Not assessed* 0 3 (2.8%) 
*Death before assessment.
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Supplementary file 6. Causes for relapsing fever. 
 
Intention to treat cohort. 

 Experimental 
(n=119) 

Control 
(n=129) 

No relapse of fever* 89 (80.9%) 96 (80.7%) 

Relapse of fever* 21 (19.1%) 23 (19.3%) 

- Worsening of the infection 
motivating patient 
inclusion 

7 (6.4%) 8 (6.7%) 

- Other infection 11 (10%) 13 (10.9%) 

- Non-infectous fever 3 (2.7%) 2 (1.7%) 

Unknown 9 10 

   
*Percentages are calculated out of the total number of patients assessed 
 
 
Per protocol cohort. 

 Experimental 
(n=93) 

Control 
(n=106) 

No relapse of fever 76 (81.7%) 87 (82.1%) 

Relapse of fever 17 (18.3%) 19 (17.9%) 

- Worsening of the infection 
motivating patient 
inclusion 

6 (6.5%) 5 (4.7%) 

- Other infection 8 (8.6%) 12 (11.3%) 

- Non-infectous fever  3 
 (3.2%) 

2 (1.9%) 

Unknown 0 0 
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Supplementary file 7. Observed adverse event (per 1,000 person-days). 

Experimental Control Difference 
Adverse events 23.6 19.5 3.7 (-2.7 to 10.4) 
Severe adverse events 5.3 6.8 -1.5 (-5.0 to 2.1)
Drug-related adverse 
reaction* 

2.6 2.7 -0.1 (-2.5 to 2.6)

System Organ Class Common Terminology Criteria for Adverse Events (v 4.0) 
Blood and lymphatic 0,9 0,2 0.7 (-0.6 to 2.4) 
Cardiac disorders 0,3 1,1 -0.8 (-2.4 to 0.7)
Gastrointestinal disroders 2,9 2,9 0 (-2.5 to 2.7) 
General disorders and 
administration site 
conditions 1,8 1,8 

-0.1 (-2.1 to 2.2)

Hepatobiliary disorders 0,3 0,2 0.1 (-1.0 to 1.4) 
Infections and infestations 7,3 6,1 1.2 (-2.4 to 5.2) 
Injury, poisoning and 
procedural complications 0,3 0,5 

-0.2 (-1.4 to 1.2)

Investigations 1,8 1,1 0.6 (-1.2 to 2.8) 
Metabolism and nutrition 
disorders 0,9 0,0 

0.9 (-0.2 to 2.6) 

Musculoskeletal and 
conective tissue disorders 0,9 0,0 

0.9 (-0.2 to 2.6) 

Neoplasms benign, 
malignant and unspecified 0,3 0,5 

-0.2 (-1.4 to 1.2)

Nervous system disorders 1,2 0,7 0.5 (-1.0 to 2.4) 
Psychiatric disorders 0,0 0,5 -0.5 (-1.7 to 0.7)
Renal and urinary disorders 1,5 0,9 0.6 (-1.1 to 2.6) 
Respiratory, thoracic and 
mediastinal disorders 1,2 1,1 

0.1 (-1.6 to 2.0) 

Skin and subcutaneous 
tissue 0,6 0,9 

-0.3 (-1.8 to 1.3)

Vascular disorders 1,2 0,9 0.3 (-1.3 to 2.2) 
*Adverse reactions with a definite, probable, or possible relationship with the study drug were considered for
the analysis. All safety analyses were performed in the intention to treat cohort.
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Supplementary file 8. Desirability of Outcome Ranking and Response Adjusted for 
Duration of Antibiotic Risk, detailed by patient. 

Arm 
Overall clinical 

response 
Days of antibiotic 

use 

No. of 
Control 

Participants 
With a Lower 

DOOR 
Experimental 1 6 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
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Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 7 108 
Experimental 1 8 108 
Experimental 1 8 108 
Experimental 1 8 108 
Experimental 1 8 108 
Experimental 1 8 108 
Experimental 1 9 108 
Experimental 1 9 108 
Experimental 1 9 108 
Experimental 1 9 108 
Experimental 1 9 108 
Experimental 1 9 108 
Experimental 1 10 108 
Experimental 1 10 108 
Experimental 1 11 107.5 
Experimental 1 12 107 
Experimental 1 13 106 
Experimental 1 14 75.5 
Experimental 1 14 75.5 
Experimental 1 17 37 
Experimental 1 23 35 
Experimental 2 7 31 
Experimental 2 7 31 
Experimental 2 14 30.5 
Experimental 2 15 29 
Experimental 2 20 27.5 
Experimental 2 21 27 
Experimental 2 21 27 
Experimental 2 22 27 
Experimental 2 22 27 
Experimental 2 39 25 
Experimental 3 7 25 
Experimental 3 7 25 
Experimental 3 7 25 
Experimental 3 7 25 
Experimental 3 9 25 
Experimental 3 12 25 
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Experimental 3 13 25 
Experimental 3 18 19 
Experimental 3 18 19 
Experimental 3 18 19 
Experimental 3 20 17.5 
Experimental 3 20 17.5 
Experimental 4 17 7.5 
Experimental 5 7 4 

Control 1 11 
Sum=7800 

Control 1 13 
Control 1 13 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
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Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 14 
Control 1 15 
Control 1 15 
Control 1 15 
Control 1 15 
Control 1 15 
Control 1 15 
Control 1 16 
Control 1 16 
Control 1 17 
Control 1 17 
Control 1 21 
Control 1 24 
Control 1 26 
Control 1 28 
Control 1 42 
Control 2 14 
Control 2 15 
Control 2 15 
Control 2 20 
Control 2 24 
Control 2 34 
Control 3 14 
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Control 3 14 
Control 3 15 
Control 3 15 
Control 3 16 
Control 3 16 
Control 3 19 
Control 3 20 
Control 3 25 
Control 3 27 
Control 3 28 
Control 3 30 
Control 3 30 
Control 3 31 
Control 3 33 
Control 3 42 
Control 4 10 
Control 4 17 
Control 4 36 
Control 5 3 
Control 5 5 
Control 5 10 
Control 5 14 
Control 5 14 
Control 5 14 
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5. RESUMEN GLOBAL DE RESULTADOS.

5. a. Resultados del artículo 1.

Y("-'5/&'&)%(+-@)"0&/"BCDEFG"&)"*)"4.$5-%(/"0&"%&,+&,")-3&/6"$&"$*+&0-@"0&"

*)(" ,85-0(" =" '(,+(0(" ,&0*++-@)" &)" &/" +.)$*'." 0&" ()%-:-@%-+.$" &)" %.0." &/"

+&)%,.6" 5,.0*+-?)0.$&" *)" +(':-." 0&" )-3&/" 0&" RbdU;k" 0.$-$" 0-(,-($" 0&1-)-0($"

gaaah"5.,"d;ccc"&$%()+-($"gDZfTp"R!Oe6T"("RkU6dh",&$5&+%."(/"3(/.,"&$5&,(0."

&)"&/"5,-'&,"%,-'&$%,&"0&"/("-)%&,3&)+-@);"#$%(",&0*++-@)"$&"'()%*3."0*,()%&"

/.$"+-)+."(>.$"0&"$&9*-'-&)%."0&/"&$%*0-.6"+.)"*)(" ,&0*++-@)"5,.'&0-."0&/"

+.)$*'."0&/"df6fp;"B(,(/&/('&)%&6"/("%&)0&)+-("+,&+-&)%&"&)"/("0&)$-0(0"0&"

-)+-0&)+-(" 0&" +()0-0&'-($" =" :(+%&,-&'-($" ).$.+.'-(/&$" 5,.0*+-0($" 5.,"

:(+%&,-($" '*/%-,,&$-$%&)%&$" ,&9-$%,(0(" &)" &/" 5&,-.0." 5,&R-)%&,3&)+-@)"

g-)+,&'&)%."0&"tc6cdk"+($.$"5.,"dccc"&$%()+-($"="%,-'&$%,&6"DZfTp"Rc6cc!"("

c6!fh"$&",&3-,%-@"4(+-("*)("%&)0&)+-("0&$+&)0&)%&"0&"Rc6d!c"+($.$"5.,"d;ccc"



	ddb"

&$%()+-($"="%,-'&$%,&"g+(':-."0&"5&)0-&)%&"Rc6cbf6"ZDfTp"Rc;cTd"("Rc;cckh6"(/"

-9*(/" 7*&" /(" 0&)$-0(0" 0&" -)+-0&)+-(" 0&" /(" '.,%(/-0(0" +,*0(" 0&" &$%($"

-)1&++-.)&$" g+(':-." 0&" 5&)0-&)%&" Rc;cdT" '*&,%&$" 5.," d;ccc" &$%()+-($" ="

%,-'&$%,&6"DZfTp"Rc6cbd"("Rc;cckh;"

"

5.b. Resultados del artículo 2.

#/" 0&$(,,.//." 0&" &$%(" '-$'(" -)%&,3&)+-@)" &)" &/" $&,3-+-." 0&" E)+./.9H(" 0&/"

+&)%,.6"($.+-(0("("*)"5,.9,('("&$%(:/&"0&" -)%&,+.)$*/%($"0&"#)1&,'&0(0&$"

D)1&++-.$($6" $&" ($.+-@" 0&/" '-$'." '.0." (" *)" +(':-." $-9)-1-+(%-3." &)" /("

%&)0&)+-("0&/"+.)$*'."0&"()%-:-@%-+.$"g,&0*++-@)"5,.'&0-."0&"Rd6fk"aaa"5.,"

dcc" &$%()+-($" =" %,-'&$%,&6" DZfTp" R!6!d" (" Rc6UOh6" =" &$5&+-(/'&)%&" &/" 0&" /.$"

()%-:-@%-+.$"0&"'8$"('5/-."&$5&+%,."g+(':-."0&")-3&/"RO6cO"aaa6"DZfTp"Re;Ud"

("Rc;OUR6"="+(':-."0&"%&)0&)+-("0&"Rd;ck"aaa"5.,"dcc"&$%()+-($"="%,-'&$%,&6"

DZfTp" Rd;fU" (" Rc;bdh;" #$%&" +(':-." &)" /(" %&)0&)+-(" 0&/" +.)$*'." ,&3-,%-@" /("

%&)0&)+-("($+&)0&)%&",&9-$%,(0("&)"&/"5&,-.0."5,&R-)%&,3&)+-@)"&)"&/"7*&"$./."

$&"0&$(,,.//(:("&/"5,.9,('("0&"-)%&,+.)$*/%($"$-)"*)"BCEF"&$%,*+%*,(0.;"Y("

-'5/&'&)%(+-@)"0&/"BCEF")."'.0-1-+@"*)("%&)0&)+-("0&$+&)0&)%&"$.$%&)-0("

&)" /(" '.,%(/-0(0" +,*0(" 5,&+.2" =" %(,0H(" (" /.$" e" =" !c" 0H($" 0&" /.$" 5(+-&)%&$"

.)+./@9-+.$" 4.$5-%(/-2(0.$" +.)" -)1&++-.)&$" :(+%&,-?'-+($" g,&0*++-@)" ()*(/"

0&/" d!6!p6" DZfTp" Rbc6Tp" (" RT6Op" 5(,(" /(" '.,%(/-0(0" (" /.$" e" 0H($6" " ="
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,&0*++-@)"()*(/"0&/"Rk6dp6"DZfTp"RdTp"("Rc6ep"5(,("/("'.,%(/-0(0"("/.$"!c"

0H($h;"

"

5.c.  Resultados del  art ículo 3.  

#)" &$%&" &)$(=." +/H)-+." (/&(%.,-2(0.6" $&" ,()0.'-2(,.)" bOk" 5(+-&)%&$" 5(,("

,&+-:-,"*)"&$7*&'("+.,%."0&"e"0H($"g)uddfh"."dO"0H($"g)udbfh"0&"%,(%('-&)%."

()%-:-@%-+." 5(,(" -)1&++-.)&$" :(+%&,-?'-+($" 5.," :0'#$/1(,'#$()#%*" Y.$"

5(+-&)%&$"($-9)(0.$"(/"9,*5."0&"e"0H($"5,&$&)%(,.)"*)("'&).,"&`5.$-+-@)"("

/.$" ()%-:-@%-+.$" 7*&" &/" 9,*5." +.)%,./" g0-1&,&)+-(" '&0-()(" 0&" e" 0H($" &)" /("

0*,(+-@)" 0&" /.$" %,(%('-&)%.$" &)%,&" /.$" 9,*5.$6" DZfTp" eReh6" $-)" 7*&" $&"

.:$&,3(,()"0-1&,&)+-($"$-9)-1-+(%-3($"&)" /($"0-$%-)%($"3(,-(:/&$"0&"5,.)@$%-+.6"

+.'."/("'.,%(/-0(06"/("%($("0&"+*,(+-@)"+/H)-+(6",&+*,,&)+-($"0&"/(":(+%&,-&'-("

." ,&+*,,&)+-("0&" /(" 1-&:,&"(/" 1-)(/"0&"*)"5&,-.0."0&"$&9*-'-&)%."0&"bk"0H($;"

#$%.$" ,&$*/%(0.$"(/+()2(,.)"&/" /H'-%&"0&"$*5&,-.,-0(0"5,&&$%(:/&+-0."5(,(" /("

3(,-(:/&" ,&$*/%(0." 5,-'(,-(" 0&" &`5.$-+-@)" (" %,(%('-&)%." ()%-:-@%-+." g0&1-)-0."

+.'."*)("0-1&,&)+-("0&"!"0H($"&)"/("0*,(+-@)"9/.:(/"0&"%,(%('-&)%."()%-:-@%-+."

(/" 1-)(/" 0&/" $&9*-'-&)%.h6" =" &/" /H'-%&" 0&" )." -)1&,-.,-0(0" 0&/" dcp" 5(,(" /($"

3(,-(:/&$" 0&" 5,.)@$%-+." 0&" +*,(+-@)" +/H)-+(" g0-1&,&)+-(" (:$./*%(" 0&" ,-&$9."

&)%,&" 9,*5.$" 0&/" Rb6Up6" DZfe6Tp" Rv" (" T6dh" =" ,&+*,,&)+-(" 0&" /(" :(+%&,-&'-("

g0-1&,&)+-("0&/"d6Tp6"DZfe6Tp"Rv"("k6Oh;"N./.")."$&"(/+()2@"&$%&"/H'-%&"0&")."

-)1&,-.,-0(0"5(,(" /("3(,-(:/&"0&",&+*,,&)+-("0&" /(" 1-&:,&"g0-1&,&)+-("0&"Rc;bp6"
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DZfe6Tp" Rv" (" dc6dph; Z.'." ()8/-$-$" 0&" $&)$-:-/-0(06" $&" ,&(/-2@" *)" ()8/-$-$"
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