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4+-2+"9,4&8'1+"*$" " 00St" (&"9-,+2*29-1+&0"&-1&" 2@ @4,'1*"&") 1" '}9' TR(* &271'&"
(121@"*+2)18'3)2'8"-4,A1'&"&A94, 2'A,'&Y

P218&20" ('9A2&" 9,%&" (" iKB1&@".'&" B)A3'B'1+&" (" 9)9A.-+2)18D" /-A?B'1+-+2)1" (A"
1)B6," (" B).4*A&" (-1+262)+2HA'E" (28&9)126.'&" '+" AKD2&A [-** )2&&'B'1+" (‘'&"
A828&+-1%86-*+4,2'11'&0"/492(4B2).)?2" 6-*+4,2'11" HA-1+2+-+23" .-" #).)12&-+2)1"
),)9$-,>124" "(&"&@AM'+&"& Q6. "21%$-174'Y"

U-"%).)12&-+2)1"),)9%-,>1?24"&"B)(2@2"-3"*".-"&434:2+4

gA+," /&"(AS" 2,)A9&" (" SAM+&" &-21&0" JA+A(" (" C)$-1&)1" Hal) *)BY), +-2+" (&"

9-+2'14&" (" 98>*$2-+,2'0" (&" 9-+2'1+&" (A/HZ) ),+$)94(2HA'D" -21&2" HA™ (&" 9-+2'1+&"
V'B),26)1(& WY"P.)/BIA" '&"9-+2'1+8" (" 9&>*$2-+ 2" B AL"+-AS™).) 128-+2) 1" 1" <A "

BO--6." " A2(&"GAM+&"&-21&"WOt'9)A, " AS HAZ"-3-2'1+"4+4"9,4.'348"9. A&2'A & @)2&
+-AS" 4+-2'1+" 9.A&" 2BONET'S " ‘8" RAM+&" 9. A" &H366, 88" 9-+2'1+&" (" *$2,A,72"
9,4.34&"AL"&'A." @)WE+"ait" (" AS"HA2"-3-2'1+"4+4"9,4.348" 9. AR2'A, & @)REX &"

dr
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9-+2'1+&/'B),26)1(&'W-3-2'1+" AL" 9,4.%3'B'1+" 9)&2HKBIA/2.&" -3-2'1+" HrA"34& AL™
&A."@)ZR+"Lat ("FAS"HA2"-3-2'1+"4+4"9,4."34&" 9. A&2 A8 IGHRQY2. " S2&+-2+"A1".2'1"
T+, (AL (1$)&I2+-.28-+2) 17 +".").) 1 28-+2)1":"<A"BZB'O"D-*E)c2-E"+")..Y"| 10} "

)1+ 4+A(24" -"*).)128-+2)1"),)9$- >1 24" *$™" (&" GQAM'+&" &-21&" +" (&" 9-+2'1+&" -++21+&" ("
9-+$).)22'&" (2@ @4, 1+3IE2(4,4&" BB 4+-1+" " 2&HA™ (/21$-.+2/" (&" 9-+2'1+&"
)1&)BB-+A, &" (I-¥).0"(&" 9-+2'1+&" (2-64+2HA'QO" ('82'1+&" 492.'9+2HAL" "+ (‘&
£)S29)B-1'&Y" ;" @-)1"21+4,8&8-1+0" /'&" 9-+2'1+&" -*)).2HA'R" Wait" (" *).)1284&X" "+"
(2-64+2HA'Z" WaotX" 4+-2'1+" &2?12@2"-928B RIA3'1+" *))1284&" " </ " HA™ &
492.'9+2HA'8" WILIXO" '&" +)S24)B-1'&" WIKIX" '+ '&" RAM+&" &21&" WIIXY" ;" 9.A&" .-" *$-
6-+4,2'11" 4+-2+"9 A&"2BO),+-1+"$"" '&"9-+2'1+&"- ¥)) 2HA'R" Wdt" (" 9-+2'1+&"->-1+"9. A&"
(" IKK" <A ~BU" (" -3-2" BA**- " -A" &4, AB"9$>&2).)22HAX" +" (2-64+2HA'&" WIdtX" HA™ '&"
3).)1+-2,&"&-21&" WIKK+,'8" +>9'&" ("9)9A ~+2) 1§ 1+"4+4"'S9.),&0"*)BB" '&" 9-+2'1+&"
~++21+&"(8,)1*$) PLAB)9-+$2' *$,)12HA™)68&+ A*+23HGX|!ILO" 1]} '=".-"9,43-'1*"

(%)) 128-+2)1" " <A_" 4+-2+" 827212@2*-+23'B'1+" 9.A&" 2BY), +-1+" *§™" '&" 9-+2'1+&" <78g" A"
-&BB-+2HA'R HA™$"™" '&"3).)1+-2, 8" &-PLB" T"+"AL™"-A?B 1+-+2)1"("*++"9,43- 1"

4+-2+" 247" 2 32447 (M <TRYY YU UG 9-+2'1+&EPWLA"-ARE2" @-2+" [)BM'+" (" 9.A&2'A,&”"
4+A(E|NSO" K} +" %, /& B2" 4+-2 14" %)1%),(-1+&0" '1" +,)A3-1+" (&" 9,43-'1&" ("
*).)12&-+2)1"4.'34&W("KD':" datX Y8'&" 4+A(&"*)BY),+'1+" (&" 62-2&8" *' +-24&(/-6),(O"

LUET)LH A4 4- 28A'&E T (8" 9',&) 118" (49'L(-1+' 80" $)892+- 284'&" &)2+" 1" ) 17" &4AM)A,"
s} O"A™1"&,32%"("*$2,A,72™),+$)94(2HATK} Y";"9.A&O"*'&"9-+2'1+&"4+-2'1+"3))1+2' &"
*)B),62(& Y'U/,?"1/&+"()1*'9-&"."&'A." @-+A,"(",2&HA™S9.), 4" (-1&"*"++" 4+ A('Y

8).)12&-+2)1"),)9$-,>124" (&"9-+2'1+&" (" 4-12B-+2)1

7.AR2'A,8RI8-2&"&" &) 1+"21+4, 8&A&" " %)) 12&-+2)1"),)9%-, > 1 24" W)A":" -"*). ) 12&-+2) 1" (" .-"
9.-HA™(1+-2,0"*"HA2"&8&"9,)*$' |11} X(&"9-+2'1+&" (" 4-12B-+2)10"&A +)A+"(-1&" "
(" (" JAHACT (7 1492(4B2).) 22" (& TPTDY" A& 4+A(2)18" 9.A&" )21" '&" . 2'1&" 1+,"
%).)128-+2)1")9%-,>174'0" (27'&+23"'+" TPTDYA28" C)$-18)1""+"*). . M}O") £ '&"9-+2'1+&"
/&"9.A&"&43%, &"4+-2'1+"B),26)1(&" &-1&"HA/2 §)BY24-+2848,4-12B-+2) 10" '&" 4+A('&"
H1ATHO)A," (4%,2," AL"4).)128&-+2)1"),)9$-,>174" " 6-*+4,2'&" 9-+$)?%1"8 .- @) 2&" :"
J-(B2&&2)10™ 1HA™+"SOt"W*"HA2"&+"9,)6-6.'B'L+"AL"&2PL""?,-32+4" (" &"9-+2'1+&X 0"
B-2&"-A&&2"AL"-*HA282+2)1"F2"(:1840"" IKKL'(&"*-&Y"

da"
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U'&" '&9%*&" 9-+$)?%1'&" 9.A&" @,4HA'BB'1+" 28R4 " /-(B2&&2)1" ('&" 9-+2'1+&" '1"
4-12B-+2)18)141"2 -1("B-M),2+4"("<A_"Wal":"ditX[IO"I} O"-3"*"('&"1+4,)6-*+4,2'&"

13t “lla MIi} J'A1=58@40at5 |!ld} 'T(&"<” "1)1 R@',B'1+-1+&3R(4.5R<12864VAlL X
Il Mo} T"1@21&" 08001" ,-B" 9)&2+2@?(WR.RE!" " LIt "|NIO" laO" ILO" IJ}O)A"
| =5.:=80800RBY"ddt]!1J} XY

["S28+"AL"F +-21"$4+4,)24142+4"(-1&"F&"+ “EAS

F o UIAL'(I1+, " ASE "4+4" 4- 284" A+A(2-1+" %)) 12&+2)1" (" .-"9.-HA™ (' 1+-2|"IL} O"
(/-A+, 80" #).)12&-+2)1"),)9$-,>124" [1IO" lla MIi} O" JAL™'+" [-A+ "M} O")A"
%), 8" &d* A+2)1&" 6AR- "EIIT} YE2'1"HA™E" &2+'&" (9,4.%3'B'1+&-2'1+" 4+4"
$1&2(4,4&" AHA23- &O)A," JA+A(" (" " @.)," (""" @GAM'+&" &-21&"9- " (&" +1$82H
(-B9.2@2*-+2)1"(PG_"lo&1} O™ ."1/)1+"9-&"4+4"*)BO-,4'&"9)A,"('&"9-+2'1+&" ("
4-12B-+2)1").)1284&":"<"

F UG B'&A,&" (/$>72%1" (" .-" *-32+4" BA**- " 1/4+-20-8" (4+-2..4'&Y" TA2&HA™ '&"
(114'&") 1% 1-1+"'&"&)21&" ("B)A*$" 1/4+-2'1+"9-8"1%),"(2@ @AAR"&+" (2@ @2*2."
(-&&A, "HAL . &"4+-2'1+" 4- 284'&" (" @-\)1"$)B)?%1" (-1&"*&" 4+ AL &Y"

F R1@210" *BB" 1)A&" ./-3)1&" (2+" 9.A&" $-A+0" * +-21'&" (" *&" 4+A(&" 1™ &" &)1+"
21+4,'&&A'&" HAI-AS"™ &-1&"'1" (4+-2.."" " +>T|II1} O(-A+,'&")1+" (41)B6,4"'1"

9.A&" =" %).)12&-+2)1"Q800L" A,-B" 9)&2+2@%4} O" '1@210" * ‘&2 +" 4+4" +,%8&"
'S$-A&+2Z0"IL} Y

8'8" B)(2@2*-+2)1&" (/492(4B2).)?2" (" .-"*).)12&-+2)1"),)9$-,>1?24'0" ' 1" O- +2*A.2', " *$"" '&"

7)AHA)2" -"%).)12&-+2)1"),)9$-,>1?48"B) (2@ BF..""1",4-12B-+2)1 g
'D)(2 @2*-+2)1&"9,4-.-6.'&":" /- (B2&&2)1

A" -3)1&" 3A" 9.A&" $-A+" HA™ * +-21'&" 9-+$).)22'&" *$)12HA'E" 9'A3'1+" 21(A2," AL™
B)(2@2*+2)1" (" - *).)12&+2)1" ),)9%-,>174]a0" oA} Y" R+" HA/AL" 1)B6," Bl

da"
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147.27'-6." (" 9-+2'1+&" (" 4-12B-+2)1"&) 1 +"-++21+&" ("*)B),62(H@&IO udo}Y: 9. A&O"

(" 1)B6,AS" 9-+2'1+&" \)23'1+" Al" -1+262)+$4,-92" 9,4--6." " /A" -(B2&&2)1" '1"
4-12B-+2)1{d}0" 21(A2&-1+"AL1" 2&HA™ (" B)(Q@P*-+2).)12&-+2)1" (2?'&+23!s} Y™

9.A&OD" *&" 9-+2'1+&" 9)+'1+2'. 'B'1+" ¥)B),62(&" 9'A3'1+" 1" 9-&"-3)2," A1" 123"-A" 9,4-.-6."
(/$>22%1™),-.")9+2B-Y" R1@210" ¥ +-21&" +,-2+'B'1+&" 9'A3'1+"-3)2," (&"' @ @'+&" &*)1(-2,'&"
&A," -"&4* 4+2)1"&-.23:2,'Y

D)(2@2*-+2)1&"21$4,'1+'&":".-",4-12B+2)1

A @-2+" (" ¥ +-21&" (289)&2+2@&" 9,4&'1+&" (-1&" ./),)9%$-,>1S" W&)L(" ?-&+,2HA'O" &)’
(121+A6-+2)10" &)1('&" (-&92,-4BYDI" laKXO" (" 9)&2+2)1"-..) 124" W>"*)B9,2&" ) &HA™ ."
9,)*.23": " AKX &+" '&O*+AX"(&"9-+2'1+&" (" 4-12B-+2)10"." '@.AS"(".2HA2("'?-&+,2HA™ &+"
&>&+AB-+2HA™ W)A" +,%&" @ PRIATHX 9.A&O" =" +,-18&B2&&2)1" (" 9-+$)?%1'&" 9-," .'&"
9',8)11'.&"-"4+4"(4B)1+4"'al} Y

D)(2@2*-+2)1&"(A"B2.2'A"),)9$-,>174

18" B)(2@2*+2)1&" (" *)B9)&2+2)1" (" .-" &-.23" QA3 L+" -A&&2" Z+," 21* 2B214'&" (-1&" *'++"
B)(2@2*-+2)1"(/492(4B2).)22'Y"01" (2B21A+2)1"(A"9fO"-21 &ZBAIAY2) 1" (" .-"&4* 4+2)1"
&-.23-2," )1+" 4+4" -99)+&" *)BB" @-3),2&-1+-($4,'1* " (" h?( :2.R;8214." (-1&"
1),)9%-,>1S"!aa} Y";"BZB'O";-." )2-" "), Y 1+ B'&A 4" [+ +232+4" (" /' -&+-&"&-.23-2,'O"

(", @26,)1 21"+ ) Y128-+2)1" <A (" O-+2' T +&" 1" GR+)2," (" *$2,A, 22"

% (2-HA™ |lad} Y" U-" @26,)1'*+21'0" HA2" 2($261*/ "(&" <" "-AS™ . A.'&"492+$4.2- '&"

lai} O" '&+" &2212@2*+23B'1+" '+" 9,4%)*B'1+" (2B2$A4'&" 9-+2'1+&" *$"" HA2" -"
%))128-+2)1":"<N "-90--.. +O"(A"@-2+"(/AL"-A?B'1+-+2)1"(" /4.-8+-&"&-.23-2,'0"-.) &"HA/"."
1/-A?B'1+"9-&" " '&"9-+2'1+&" 1)%).) 1 2&4&Y

8).)12&-+2)1"),)9%-,>124""+"7PTD"

U™.2'1""1+,"%).)128-+2)1"),)9$-,>174" +" 7P D" &+" @-2+"(9A2&" '&"+,-3-AS" (" C)$-1&)1""+"
)Y} YR+ (& 4+A(&" *)B9.4B1+-2,&" (9A2&" )1+ *)1@2,B4" *" .2'1" @),+O" -3*" AL"

di"
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2B9.2*-+2)1" (" .-"*).)12&+2)1" (2?'&H2BO" lla} Y" )A&"-.)1&" 3)2FE%&" '&" ()114'&"
'S2&+-1+'&".2-1&" 8" &2N&

C)$-1&)1" '+" *).. Y[} ")1+" 21*A&M" 9-+2'1+&" (" ,4-12B-+2)10%" )1+" *A'2..2" (&"
9,4.%3'B'1+&"),)9$-,>174&" ,494+480" -2182" HA™ (‘&" 9,4.%3'B'1+&" '&92,-+)2,'&" 213-&2@&""
1)1 R13-&2@&Y"U'&"-AHBRI+, A'HA™ "9),+-2"),)9$-,>124" ("< "4+-2 +"AL"@-*+A,"("
2&HA™(/21@F1"9A.B)1-2,"-3%" "BZB' "<M_'="lat"(&"9-+2'14&"->-1+"A1"*).)12&-+2)1"
),)9$-,>124" " <A " )14'(43')99 4"AL1" 7PTDO"*)1+," &'A.'B'1+" aOat" (&" 9-+2'1+&" &-1&"
%).)12&-+2)1"W9,KOKKKIXY

R1" 4+A(2-1+" =" %).)12&-+2)1"),)9$-,>124'0" 2-&+,2HA™ '+" -" &A 3'1A™ (" 7PTD" *$"" Id!"
9-+2'1+&" &)A&" 3A-+2)1" B4*12HA"™ 213-&23D"1" +" *).Y"[I} ")1+" (4*2+" A1™
A?B'L +-+2)1" &2712@2*-+23" (A" 2&HA™ (" TPTD" " '1+4,)6-*+4,2" 1" *-&" (" *).)12&-+2)1"
),)9$-,>124":" [-(B2&&2)1")A" 1")A, &" (/$)&92+-.2&-+2)& N 23'B'1+"gGyaOd]" 9yKKa"

" gGyaOd)' OyKOKHX" , 2&HA™ (" 7PTD" 36.R-8;8246 "4+-2+" 82712 @2*-+23'B'1+" -&&)*24"
JFHA2&2+2)1" (" F++" ¥).)128&-+2)1" ),)9$-,>174" WgGyTOBKOKKKKIX" A" 2-&+ 2HA™
WgGyLOB9yKOKKoX""1" 4-12B-+2)1Y

RC2?"'+"%). W10} ")1+"*1+ 4" A" 4+A(" &AJT'O-+2'1+&" +,-AB-+2&4&"*, 12'1&" " W9.A&" ", 2&HA™
(121$-.+2) XA+ 4+A("-"9', B2&" (" B) 1+, " HA™ -"%).)12&-+2)1"),)9$-,>1 24" '+" 1-&-."
9,4--6.":" 12(:2.R;8214. OI?( 4R5.B'+"N?( 12S9R.2149,4&'1+-2+" A1" @-*+'A," (" ,2&HA"
21(49'1(-1+" ("*).)128-+2)1" +,-*$4-'O" +" ALl" @-*+'A," (", 2&HA" (" TPTD4F)* "WY" 01"

H - 8&)*2-+2)1" &H-+28+2HIAZE+ )A3A™ O)A," =" ¥))12&-+2)1" " <A O" B-2&M '&+"
2B9),+-14(" 1)+ "HA™ -"* ).)12&-+2)1"?-&+ 2HA™:"<A "S28+-2+"(%&" /-(B2&&2)1"*$ "ast" (‘&"
O-+2'1+&" '+" &/4.'3-2+" MAGHA/:" OKt" (-1&" '&T'&AZ)&28-+2)1" " <A ") )9$-,>174™ '+"
+,4$4)6,) I*$2HA" 4+-2+"+ %&" @-26." " /-(B28&&2) 1" W, &9"*+23'B'1+" 10" +" IKIX" +"-A?B' 1 +-2+"
(" @-\)1" &2?212@2*-+23" -A" A &" (A" &A232" WiJ" +" dstXY" " R1@210" 9)A," @-2," ." .2'1" '1-
C@@4,'1+&"&2+'&"("*).)128&-+2)10".-"9,4&'1*" (JAL"<"_"(-1&".-"*).)12&+2)1"),)9$A>1 24"
2-&+ 2HA™ " 1/2B9),+" HA"." B)B'1+" ("/$)892+-.28+2)1" 4+-2+" 9, 4(F*4+23).) 12&-+2)1"
'&92,-4)2,"6-&&" """ BZB"9-+$)?%1"Y"

R1@2EQIA&+ Fy,?-&" '+ %)..Y"|lla} "&)1+" -..4&" 9.A&" )21" (-1&" ./2('1+2@2*-+2)1" (&" < "
(&9)1&-6.'&" (" ¥).)128&+2)1" 2-&+,2HA™ '+"))9$-,>124'0" '+" (" 7PTDY" [.&" )1+" 21*.A&" Jo"
0-+2'1+&R)A&" 3'1+22)1" - +2@2*2".." 2138PBH" 4-.284" (&" 9,4.%3'B'1+&" ("*).)12&-+2)1"
),)9$-,>124" 4" 2-&+ 2HA™ “+A+A(24.&" 2('1+2+4&" P41 4+2HBREE*+4,2'8" 2&).4'&" O-"
4.7%+)93%),%8&" '1" *$-B9" OA.&4Y" 7-,B2" .'&" a0" 492&)('&" 21@"*+2'ASO" &A,3'1-1+" *$"" |s"

do"’
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9-+2'1+80"9Y @2.&"4.+,)93),4+2HA'& " 4+-2'1+"82B2.-2,&" 1+, ~"TPTD"+"./),)9$-,>1S"9)A,"
IL"4928&)('&]"'1+," -"TPTDO" /),)9$-,>1S""+".""9,4.%3'B'1+"2-&+ 2HA"9)A," 0" 4928) &,

1+, " TPTD™+"."9,4.%3B'1+"?-&+,2HA" 9)A," MD2&)('YP21&20" (-1&" (AS" +28&*&"
WA~a0X" 2." 'S2&+-2+" AL™ %)1%),(-162+4,2'11'""1+," AL" *))12&-+2)1" -4,)(27'&+23" '+"
21@"*+2)1"9A.B)1-2,

88" ()114'8" 9" BH++1+" (" JB++" =" %).)12&+2)1" ),)9$-,>174™ -A" 1+ (" -
9$>82)9-+$).)?2" (& 7PTDO"1"9- +2*A.2""9)A," '&"49BEIA&"-AS"<A_O"+")1@2,B'1+".&"
218" '1+," ¥))128-+2)1" (27'&+23'0" ),)9$-,>124" '+ " %))12&8-+2)1" 9A28" .121@"*+2)1"
/&92,-+)2,0"HA"1)A&"-32)1&",'9,48 ENBA, "aY
A&"-3)1&"3A"9.A&" $-A+" /2BY),+-1*" HA" 9, FX(08BIL&" *" %) 1+'S+' 0" '+" 1)A&" 3)1&"
B-21+'1-1+"9)A,HA)2"*"?" B"Q'A+"Z+,")1&2(4,4"*)BB"V "/'11'B2"9A6.2*" 1XWY"

dL"
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8%-92+,"a"$607.510714(@B9111'B2"9A6.2*"1'g!

U/),2221" $20891B) 1+ -2" " 1IK"B2..2)1&" (-114'&Y"R.." 9- +-2' -2" A1"-1*Z+ " *)BBAL"
S3 1" & BY1'I&M A 24" - ), &" (23", 24 120} Y 8/'&+" 1" 1IJiI" HA™ " 94(2-+," P..'B-1("
#$)0)," R&*$,2*GNRPA,"T X /-"(4%)A3'+ "llal} Y;'9A280"*)11-28&-1+" ("< ++"6-*+4, 2"
2B+ "6414@2%24" (& 9,)?,%&" 4-A8E8).)22" B).4*A.-2,'Y" A&" 3',)1&" +)A+"
(I-6),(".'&"?414,-. 2+4&"&AP(08FIRA, "&)1"?241)B'O"9A2& 1) A&" (4+-2. ) R&IA*+A, " (" &-"
9) 9A.-+2)10" &"9-+$)2412"*$"" /$)BB'Y"R1@210"-.),&" " HA/:" [4+-+" EFRFIBR+" +,%8&."
&18&26." -AS" -1P2@"*+2'ASO" 1JB&*A+)1&" (" /4B, ?'1*" (" & -" ,A4&28&+-1*-AS"
-1+262)+2HA'&Y

,1<R5f((F7.8-856607.510/(4RX(.2T1582842()jee

N14,-.2+4&"&B7(0891

8-,-*+4,2&+2HA'&"9$>&2HA'&™+"62)*$2B2HA'&

$?2(0809&+" A1ZA "1)1" &9),A-1+0" (" .- @-B2.." (&" '1+4,)6-*+4,2'&" W* -&&" (‘&" ?BB-
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Article history: The epidemiology of multidrug-resistant ~ bacteria (MDRB) has changed signibcantly in European health-

Received 23 April 2015 care settings, with adecrease in frequency of meticillin-resistant ~ Staphylococcus aureus and an increase in

Accepted 1 July 2015 extended-spectrum ! -lactamase (ESBL)-producing Enterobacteriaceae. Little is known about the effects
of these changes on ventilator-associated pneumonia (VAP). A retrospective 5-year trend analysis of

Keywords: ICU antibiotic consumption and resistance in bacteria causing VAP was undertaken. Poisson regres-

Antibiotic usage

Antibiotic  resistance

Intensive care unit
Ventilator-associated  pneumonia

sion analysis between complete microbiological data and antibiotic consumption was performed. In
total, 252 episodes of VAP in 184 patients were identibed between 2007 and 2011, from which 364
causal bacteria were isolated. Enterobacteriaceae isolation rates increased signibcantly over this period
[from 6.64 to 10.52 isolates/1000 patient-days; P=0.006], mostly due to an increase in AmpC-producing
Enterobacteriaceae (APE) (2.85D4.51 isolates/1000 patient-days; P=0.013), whereas the number of
episodes due to S.aureus and Pseudomonas aeruginosa remained stable. A positive association was
found between the increase in APE infections and an increase in past-year antibiotic consumption:
amoxicillin/clavulanic  acid (P=0.003), ceftazidime and cefepime (P=0.007), carbapenems (P=0.002),
Buoroquinolones (P=0.012), macrolides (P=0.002) and imidazoles (P=0.004). No such association was
found for the emergence of resistance in P.aeruginosa. Theseresults indicate achange in the epidemiology
of VAP, with Enterobacteriaceae exceeding P.aeruginosa and S.aureus. Moreover, a positive correlation
was observed between antibiotic consumption and the incidence of potentially MDRB such as APE.No
such correlation was found for ESBL-producing Escherichia coli and antibiotic-resistant ~ P.aeruginosa.

© 2015 Elsevier B.V.and the International Society of Chemotherapy. All rights reserved.

1. Introduction

. . Ventilator-associated pneumonia (VAP), debPned as pneumonia
Corresponding author. Present address: Service de RZanimation MZdico- oceurrin S48 h after the initiation of mechanical ventilation is
chirurgicale, H™pital Louis Mourier, 178 rue des Renouillers, F-92700 Colombes, 9 ) ) ) | N o
France. Tel.: +33 1 47 60 61 95: fax: +33 1 47 60 61 92. the most common life-threatening hospital-acquired infection in
E-mail address: jean-damien.ricard@Imr.aphp.fr  (J.-D. Ricard). the intensive care unit (ICU). This complication affects 8928% of

http://dx.doi.org/10.1016/j.ijantimicag.2015.07.010
0924-8579/© 2015 Elsevier B.V.and the International Society of Chemotherapy. All rights reserved.
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patients receiving mechanical ventilation [1] and accounts for up
to 50% of all antimicrobials prescribed in the ICU. It is associated
with increased morbidity, increased costs and increased length
of stay in the ICU [2,3]. In older series, the principal pathogens
recovered in bronchoscopy samples were Pseudomonasaeruginosa
(24.4%), Staphylococcus aureus (20.4%), Enterobacteriaceae (14.1%)
and Haemophilus sp. (9.8%) [1] . Several studies have shown that
initial treatment of VAP with inappropriate antimicrobial drugs is
associated with a poorer outcome [4]. Knowledge of the epidemi-
ology and resistance trends of the bacteria concerned is therefore
of particular importance.

Over the last decade there has been a considerable change
in the epidemiology of multidrug-resistant  bacteria (MDRB) in
Europe [5,6], particularly in French healthcare settings [7]. In the
Assistance PubliqueDH™pitaux de Paris (AP-HP), a consortium of
Parisian hospitals, the incidence of meticillin-resistant ~ S. aureus
(MRSA) was found to have decreased by 43% over a period of 9
years with the implementation of a bundle programme to con-
trol cross-transmission [8]. Over the same period, the incidence
of extended-spectrum ! -lactamase (ESBL)-producing Enterobac-
teriaceae increased by 182%, mostly due to the emergence of
Escherichia coli clones producing CTX-M type ESBLboth in the com-
munity and in healthcare settings [9] .

The relationships between antibiotic use and the emergence of
MDRB are complex. Possible or conbrmed MDRB infection leads to
an increase in antibiotic consumption, which itself increases the
selective pressure favouring the most resistant bacteria. Several
recent studies have reported an effect of antibiotic use on MDRB
emergence both at the national [10] and hospital levels [11,12] .
However, it was not possible to control for differences in pre-
scription habits, the infections treated, infection control measures
and epidemic phenomena between participating hospital wards in
these studies.

We avoided such biases in this study by focusing on changes
in the epidemiological characteristics of bacterial VAP, a typical
hospital-acquired infection, within a single ICU department. We
also investigated the correlation between ICU antibiotic consump-
tion and antimicrobial resistance of the pathogens recovered in the
ICU between 2007 and 2011.

2. Methods

2.1. Setting and casedepnition

Louis Mourier Hospital is a 460-bed, university-afbliated ter-
tiary care institution in Colombes (France), with 600 ICU admissions
per year.

All adult patients (! 15 years) presenting at least one episode of
VAP at this hospital between January 2007 and December 2011
were included in this observational historical cohort study. The
completeness of episode counts was ensured by cross-referencing
data from two different and completely independent registries: the
ples of the microbiology department and the nosocomial infection
registry of the ICU.

VAP was debned according to widely accepted criteria [13].
Lung samples were obtained for each patient by invasive tech-
niques, namely protected telescopic catheter (PTC)specimens [1]
or bronchoalveolar lavage (BAL). Samples were immediately dis-
patched at room temperature to the microbiology department for
analysis. VAP episodes were classibed as OearlyGf they occurred
on or before Day 5 of mechanical ventilation and as Olate@ they
occurred after Day 5 [1,14]. A new episode was debned as the
occurrence of a new VAP due to bacterial species different than
those responsible for the previous episode; hence, patients with
more than one VAP were included as long as the pathogen was
different.

2.2. Microbiological study

Lung specimens were processed according to stan-
dard procedures [15]: (i) direct examination following
MayPGrYnwaldDGiemsa and Gram staining; (i) quantitative
cultures on blood agar plates were incubated for 2 days in aerobic
and anaerobic atmospheres, while cultures on chocolate agar
plates were incubated for the same duration in a CO,-enriched
atmosphere; and (iii) specibc, prolonged cultures for Legionella
spp. and Nocardia spp., as appropriate.

The usual thresholds were applied for the interpretation of
quantitative cultures, i.e. ! 103 CFU/mL and ! 104 CFU/mL for PTC
and BAL specimens, respectively. All bacteria present in num-
bers exceeding the threshold were identiped on the basis of their
biochemical characteristics using an API" System (bioMZrieux,
Marcy-IOftoile, France). Antibiotic susceptibility was determined by
the disc diffusion method or with Etest strips (bioMZrieux). Iso-
lates were classiPed as susceptible, intermediate or resistant to the
antibiotics concerned according to the guidelines of the ComitZ de
|Gantibiogramme de la SociZtZ franciaise de microbiologie (CA-SFM)
(http://www.sfm-microbiologie.org ) [16] .

2.3. Data collection and antibiotic policy

Prospectively collected data (clinical, biological, radiological
and microbiological) were retrieved retrospectively from the
microbiology department and from the patientsOrecords for anal-
ysis. As stated above, the completeness of episode counts was
ensured by cross-referencing the data from the microbiology
department with those noted in the ICU nosocomial infection reg-
istry.

Patients with suspected VAP were given brst-line empiri-
cal treatment with aminopenicillins + ! -lactamase inhibitors or
cefotaxime for early episodes, or ceftazidime or imipenem, in
combination with an aminoglycoside for late episodes. Selec-
tive digestive decontamination is not performed in our ICU.
VAP prevention measures include strict hand hygiene policy
with alcohol-based rubs, a 30D45" semi-recumbent position, cuff
pressure monitoring but without subglottic secretion drainage,
no ventilatory circuit changes unless specibcally indicated, and
chlorhexidine oral care.

During the study period, all patients admitted to the ICU were
screened for multidrug-resistant  organisms (MDROs) (MRSA and
ESBL-producing Enterobacteriaceae) at admission and then once a
week. Monitoring was conducted by the infection control unit to
detect MDRO outbreaks.

Data regarding the activity [number of patient-days (PD)
in full hospitalisation] from hospital administration and
the annual consumption [dePned daily doses (DDDs) per

1000 PD] of all antibiotics in the ICU over the study period
were obtained from the hospital pharmacy department.

These data were analysed according to the Anatomic Ther-
apeutic Chemical (ATC) Classibcation System of the World
Health  Organization (WHO) (http://www.whocc.no/atc  _ddd _
publications/guidelines ): groups G, V, M and A narrow-spectrum

penicillins (JO1CE+J01CFJ01CA04); aminopenicillins  +! -
lactamase inhibitors (JO1CRO1+J01CRO02); penicilins  active
against P. aeruginosa (JO1CA13+J01CR03+J01CA12+J01CRO05);
third-generation  cephalosporins  (3GCs) ineffective against P.
aeruginosa (i.e. cefotaxime JO1DDOL1 +ceftriaxone J01DD04); 3GCs
active against P. aeruginosa (ceftazidime J01DDO02 +cefepime
JO1DEO1 +monobactams JO1DF); carbapenems (JO1DH); amino-
glycosides  (JO1GB); macrolides  (JO1FA); Ruoroquinolones

(JO1IMA); vancomycin (JO1XA01); imidazoles (JO1XD +PO1AB);
and trimethoprim  plus sulfamethoxazole (JO1EEO01).
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2.4. Statistical analysis

The annual incidence rates of isolates and of isolates resis-
tant to antibiotics were reported as number per 1000 PD in
order to standardise epidemiological and bacterial resistance data
over the study period. Annual antibiotic consumption data were
reported as DDD/1000 PD. Rates of change were therefore deter-
mined as changes in either the number of isolates/1000 PD or in
the number of DDD/1000 PD during the study period. Linear and
Poisson regression were carried out to analyse the trends in antibi-
otic consumption and resistance, respectively, over time. Poisson
regression was also used to analyse the correlation between annual
incidence of each isolate and past-year antibiotic consumption.
Therefore, incidence rates from 2007 to 2011 are considered in
relation to antibiotic consumption from 2006 to 2010. Regres-
sion coefbcients (y) are reported with their P-value (Wald test).
Autocorrelation in the residuals was checked graphically [auto-
correlation function (ACF) plot]. As not all continuous variables of
patient characteristics were normally distributed, we chose for sake
of homogeneity to report them all as median (interquartile range)
or number (%),and they were compared within the study period in
Kruskal®bWallis non-parametric tests for continuous variables or ! 2
tests for trend for categorical variables, asappropriate. A P-value of
<0.05 was considered signibcant. Statistical analysis was performed
with R 3.0.2 (http://www.R-project.org ).

3. Results
3.1. Epidemiology of ventilator-associated pneumonia

During the study period, 2783 patients were admitted to the
ICU, among which 1133 (40.7%) underwent invasive mechanical
ventilation for >48 h. In total, 252 VAP episodes occurred in 184
patients (16.2%). The frequency of early episodes decreased signif-
icantly over the study period (from 26% in 2007 to 9%in 2011;
P=0.007). Annual data for ICU activity and patients with at least
one VAP diagnosis are summarised in Table 1. Of the VAP episodes,
90%were diagnosed using PTC.

These 252 episodes lead to the isolation of 364 causal bac-
teria (Table 2). The incidence of Enterobacteriaceae isolation
increased from 6.64 to 10.52 isolates/1000 PD over the study
period (P=0.006). This increase mostly reBected asignibcant steady

Table 1
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increase in the isolation of AmpC-producing Enterobacteriaceae
(APE) (2.85 to 4.51 isolates/1000 PD; P=0.013) and, to a lesser
extent, an increase in the incidence of VAP episodes due to E.coli
(2.21D3.91 isolates/1000 PD; P=0.08). The incidence of S.aureus
and P. aeruginosa isolation remained stable. The incidence of
Haemophilus inBuenzae episodes decreased signibcantly over the
study period and this decrease was accompanied by a decrease in
the frequency of Oearly®AP episodes (P=0.007) (Table 1).

During the study period, no outbreak with MDROSs occurred in
the ICU.

3.2. Antimicrobial drug consumption

The impact of antibiotic prescription on resistance was assessed
by analysing antibiotic consumption in the previous year. Data
for antibiotic consumption between 2006 and 2010 were there-
fore analysed. Antibiotic consumption rose by more than one-third
during this period, but this change was not statistically signibcant
(P=0.07) (Table 2). The increase was particularly marked and sig-
nibcant for Pve classes. The largest increase was for macrolides
(3-fold increase), followed by imidazoles (2.5-fold increase), BRu-
oroquinolones  (2-fold increase), 3GCs (1.7-fold increase) and
carbapenems (1-fold increase).

However, despite the increase in the use of these Pve classes
of drugs, they accounted for only 9.3%,8.8%,5.9%,14.1% and 3.0%,
respectively, of total antimicrobial drug consumption in 2010. The
most frequently prescribed antibiotics were penicillins G,V and A,
which accounted for 25.3%of all antibiotic use in 2010. A decrease
in consumption, albeit non-signibcant, was observed for only one
class of antibiotics: antipseudomonal penicillins (28.1% decrease,
y =D2.6; P=0.09).

3.3. Antimicrobial resistance

A signibcant increase in resistance rates was observed for
six classes of antimicrobial drugs (Table 3). The largest increase
(204.4%) was that observed for trimethoprim/sulfamethoxazole
(y =0.22; P=0.03). This trend towards an increase in resistance was
particularly marked for Enterobacteriaceae isolates (from 1.26 to
3.61 isolates/1000 PD; P=0.020). The increase in Buoroquinolone
resistance, asdemonstrated by the 113.8%increase in cipro3oxacin
resistance (y =0.20; P=0.03), was due to acombined increase in the

Characteristics of intensive care unit (ICU) activity and of patients with at least one ventilator-associated pneumonia (VAP) diagnosis during the study period.

Characteristic Year P-value
2007 2008 2009 2010 2011
No. of ICU admissions 470 556 570 636 551 12}
No. of hospitalisation days 3161 3245 3353 2943 3326 b
No. of patients ventilated for >48 h 211 214 224 248 236 b
No. of patients with at least one VAP during ICU stay 35 32 48 36 33 5]
No. of VAP episodes 43 43 70 49 47
Early [n (%)] 11 (26) 12 (28) 19 (27) 7(14) 4(9) 0.011 (! 2 for trend)
Late [n (%)] 32 (74) 31(72) 51 (73) 42 (86) 43 (91)
VAP incidence (/1000 PD) 129 126 19.1 14.3 138 b
Admission diagnosis [n (%)] 5]
Septic shock 8(23) 11 (34) 7(15) 6(17) 11 (33)
Haemorrhagic shock 1(3) 0 1(2) 1(3) 2 (6)
Cardiogenic shock 1(3) 0 4(8) 3(8) 1(3)
Acute respiratory failure 20 (57) 12 (38) 23 (48) 14 (39) 12 (36)
Neurological disorder 4(11) 6(19) 3(6) 7(19) 5(15)
Metabolic disorder 0 1(3) 2(4) 2(6) 0
Emergency surgery 1(3) 2 (6) 7 (15) 2(6) 2(6)
Scheduled surgery 0 0 1(2) 1(3) 0
Age (years) [median (IQR)] 55 (43D63) 67.5 (44.5D74) 62 (52.5D70)  56.5(51D67.5) 60 (44.5D73) 0.36
SAPSII [median (IQR)] 44 (39D56) 47(35.5D58)  50(38.5D60) 46 (35.5959.5) 50 (38D69)  0.68
Discharged alive from ICU [n (%)] 22 (63) 20 (63) 35 (73) 25 (69) 21 (64) 0.73

PD, patient-days; IQR,interquartile range; SAPS,Simplibed Acute Physiology Score.
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Table 2
Trends for isolation rates and antibiotic consumption.

Isolate or antibiotic Year Rate of change (%) ya P-value
2006 2007 2008 2009 2010 2011

Isolates/1000 PD
All Enterobacteriaceae B 6.64 5.24 8.65 119 10.52 58.4 0.17 0.006
Escherichia coli b 221 154 2.39 3.06 3.91 76.9 0.19 0.08
Klebsiella pneumoniae 5] 0.95 1.23 1.19 1.02 1.20 26.3 0.03 0.87
APE b 2.85 154 4.47 7.48 451 58.2 0.22 0.013
Pseudomonas aeruginosa 2] 6.96 4.62 8.95 578 5.41 1223 1 0.03 0.67
Other non-fermenting GNB® b 1.58 0.62 2.68 0.34 1.80 13.9 0.021 0.89
Haemophilus inBuenzae b 0.95 154 2.09 0.34 0 ! 100 10.33 0.08
Staphylococcus aureus 3.80 3.08 3.58 272 3.31 1129 1 0.04 0.69
Other Gram-positive bacteria © 2] 1.27 0.92 3.58 1.70 1.20 155 0.035 0.79

Antibiotic consumption (DDD/1000 PD)
Total antibiotics 1004 1195 1383 1506 1389 b 38.3 106.1 0.07
Penicillins G,V and A 316 426 489 430 352 b 114 76 0.78
AMC 115 133 193 196 180 b 56.5 19.3 0.89
Antipseudomonal  penicillins 32 36 33 28 23 12J 1281 126 0.09
3GCs 73 143 147 163 196 12} 168.5 26.6 0.02
Ceftazidime and cefepime 60 29 43 83 88 b 46.7 11 0.2
Carbapenems 21 23 32 41 42 b 100 6 0.006
Aminoglycosides 73 88 60 83 81 12J 11.0 11 0.79
Macrolides 32 48 83 138 129 1) 303 28.4 0.013
Fluoroquinolones 26 59 70 86 82 b 215 13.9 0.03
Vancomycin 32 29 49 33 28 b 1125 104 0.91
Imidazoles 35 7 100 134 122 b 248 231 0.023

PD, patient-days; APE,AmpC-producing Enterobacteriaceae; GNB,Gram-negative bacteria; DDD, dePned daily doses; AMC, amoxicillin/clavulanic

cephalosporins.
2 Regression coefpcient (>0, positive trend over time; <0, negative trend over time).

acid; 3GCs,third-generation

b Other non-fermenting GNB included Stenotrophomonas maltophilia (52%), Acinetobacter spp. (38%) and other Pseudomonasspp. (10%).
¢ Other Gram-positive bacteria included Streptococcus pneumoniae (43%), other Streptococcus spp. (33%), Enterococcus spp. (14%) and Corynebacterium spp. (10%).

resistance rates of all Enterobacteriaceae isolates (from 0to 2.4 iso-
lates/1000 PD, y =0.56; P=0.002), but particularly to an increase
in the incidence of quinolone-resistant ~APE (from 0 to 0.90 iso-
lates/1000 PD,y =0.80; P=0.03).

The highest rates of ! -lactam resistance were those for
amoxicillin,  amoxicillin/clavulanic acid (AMC) and cefotaxime,
but the largest increases in resistance rate over the study

period were observed for ceftazidime (116.1%,Yy =0.23; P=0.006),
cefepime (99.7%, y =0.23; P=0.011) and piperacillin/tazobactam
(TZP) (58.5%, y =0.15, P=0.011). These increases in resistance to
most ! -lactams reRected the higher rates of isolation of resistant
E. coli and APE isolates. However, the increase in cefepime resis-
tance was due to resistant E.coli alone, as no signibcant increase
was observed for APE.TZPresistance was almost twice as frequent
as 3GCresistance in E.coli and Klebsiella pneumoniae at the end of
the study.

The resistances carried by K. pneumoniae, P. aeruginosa and
non-fermenting  Gram-negative bacilli remained stable over the
study period. The frequency of macrolide resistance decreased in
S.aureus, whereas the frequency of meticillin  resistance remained
constant.

3.4. Relationship between the annual incidence rate of isolation
of pathogens causing 460 ventilator-associated pneumonia
episodesand past-year antibiotic consumption (Table 4)

A positive correlation was found between the increase in the
incidence of APEinfections and the increases in the past-year con-
sumption of AMC (P=0.003), ceftazidime and cefepime (P=0.007)
and carbapenems (P=0.002). A similar association was noted for
other drug classes such as Buoroquinolones (P=0.012), macrolides
(P=0.002) and imidazoles (P=0.004). However, anegative correla-
tion was observed between the consumption of antipseudomonal
penicillins  (which decreased over the study period) and the emer-
gence of infections with E.coli (P=0.049) and APE (P=0.025). The
use of 3GCs,mostly cefotaxime in our institution, had no effect on

the incidence of infections due to enterobacteria. Similar results
were obtained for other classes of antibiotics, such as amino-
glycosides and vancomycin. By contrast, there was a signipcant
association between the use of these two classes of antibiotics
and the incidence of infections due to P.aeruginosa (P=0.017 and
P=0.027, respectively). No correlation was found between antibi-
otic use and the incidence of S.aureus infections.

The decrease in antipseudomonal penicillin  consumption was
associated with an increase in resistance to the combination TZPin
E.coli (P=0.016) and an increase in the frequency of APEisolation
(P=0.010). By contrast, the increase in 3GC consumption was cor-
related with an increase in resistance to these antibiotics in E.coli
(P=0.006). No such increase in resistance with 3GC consumption
was observed for APE.No association was found between antibiotic
consumption and the emergence of resistance in P.aeruginosa. By
contrast, an increase in macrolide consumption was found to be
correlated with adecrease in the incidence of isolation of S.aureus
strains resistant to this class of antibiotics.

4. Discussion

In this study, the change in the epidemiological characteristics of
bacterial VAP and the impact of antibiotic use on this epidemiology
over a5-year period were evaluated.

The major Pndings can be summarised as follows: (i) Enter-
obacteriaceae have now overtaken P. aeruginosa as the leading
pathogens responsible for VAP; (i) the increase in the incidence of
Enterobacteriaceae isolation was the result of asignipcant increase
in the incidence of AmpC-producing bacteria; (iii) the incidence of
P.aeruginosa and MRSAremained stable; (iv) the frequency of early
VAP decreased considerably over the study period; and (v) overall
antibiotic consumption remained stable in the ICU, but 3GC con-
sumption increased in association with anincrease in the incidence
of APE.

Aclear link between inappropriate initial antimicrobial therapy
and mortality in severe infections has been demonstrated [4], and
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Table 3
Trends in the incidence of pathogens not susceptible to the indicated antimicrobial agent from 200792011.
Organism/antibiotic No. of isolates/1000 PD for each year Rate of change ye P-value
(%) between
2007 and 2011
2007 2008 2009 2010 2011
All micro-organisms
Amoxicillin 18.67 7.09 18.49 21.75 19.85 6.3 0.1 0.02
AMC 14.56 8.63 19.98 17.33 15.03 3.2 0.06 0.17
TZP 7.59 5.55 10.14 10.19 12.03 58.5 0.151 0.011
Cefotaxime 10.76 7.39 14.02 10.87 12.63 17.4 0.07 0.21
Ceftazidime 3.48 2.16 5.67 4.42 7.52 116.1 0.23 0.006
Cefepime 3.16 1.85 477 4.76 6.31 99.7 0.23 0.011
Imipenem 5.69 3.08 5.07 2.38 451 1207 10.07 0.43
Amikacin 2.85 154 2.98 2.38 271 149 0.02 0.83
CiproRoxacin 253 278 4.74 51 5.41 1138 0.20 0.03
Erythromycin 1.90 2.16 3.28 1.36 1.80 153 1 0.05 0.71
SXT 1.58 247 4.18 272 4.81 204.4 0.22 0.03
Escherichia coli
Amoxicillin 127 0.62 1.79 272 3.61 185.2 0.359 0.008
AMC 0.95 0 1.79 2.38 1.50 57.9 0.27 0.096
TZP 127 0.62 1.49 2.04 3.01 136 0.30 0.034
Cefotaxime 0 0 0.30 1.02 1.80 1.04 0.006
Cefepime 0 0 0 1.36 1.80 1.20 0.005
Imipenem 0 0 0 0 0 0 1
Amikacin 0 0 0 0 0 0 1
CiproRoxacin 0 0.62 0 1.36 0.90 0.48 0.07
SXT 0.32 0.62 0.89 0.68 1.50 0.32 0.13
Klebsiella pneumoniae
AMC 0 0.31 0.30 0.34 0.60 0.42 0.23
TZP 0.95 1.23 1.19 1.02 1.20 26.3 0.027 0.87
Cefotaxime 0 0.31 0 0.34 0.60 0.56 0.19
Cefepime 0 0.31 0 0.34 0.60 0.56 0.19
Imipenem 0 0 0 0 0 0 1
Amikacin 0 0.31 0 0.34 0.30 0.35 0.43
CiproRoxacin 0 0.31 0.30 0.34 0.60 0.43 0.23
SXT 0 0.31 0.30 0.34 0.60 0.43 0.23
AmpC-producing Enterobacteriaceae
TZP 0.63 0.62 0.89 3.06 241 2825 0.42 0.008
Cefotaxime 0.63 0.62 0.60 2.04 211 234.9 0.39 0.03
Cefepime 0 0 0 0.34 0.90 1.56 0.08
Imipenem 0 0 0 0.34 0 0.56 0.51
Amikacin 0 0 0 0 0 0 1
CiproRoxacin 0 0 0.30 1.02 0.90 0.80 0.03
SXT 0.63 0 0.89 1.02 1.50 0.36 0.09
Pseudomonas aeruginosa
TZP 1.58 0.92 2.68 2.38 271 715 0.18 0.15
Ceftazidime 127 0.62 2.39 1.02 1.50 18.1 0.07 0.66
Cefepime 127 0.92 2.68 2.38 1.50 18.1 0.11 0.43
Imipenem 2.85 1.54 179 0.34 1.80 ! 36.8 1019 0.18
Amikacin 0.95 0.62 0.60 1.02 0.30 ! 68.4 1014 0.52
CiproRoxacin 0.63 0.31 0.90 1.70 1.20 90.5 0.27 0.15
Other non-fermenting  Gram-negative bacilli ®
TZP 0.95 0.31 2.09 0.34 150 57.9 0.12 0.49
Ceftazidime 1.27 0.31 2.09 0 1.50 18.1 0.03 0.87
Cefepime 127 0.31 2.09 0.34 1.50 18.1 0.06 0.74
Imipenem 0.95 0 2.09 0.34 1.50 57.9 0.16 0.38
Amikacin 127 0.31 2.09 0.34 1.20 ! 551 ! 0.001 0.99
CiproRoxacin 0.95 0.31 179 0 0.90 1526 1 0.04 0.841
SXT 0 0.31 0.89 0 0 1013 0.72
Haemophilus inBuenzae
Amoxicillin 0.32 0 0.30 0.34 0 1017 0.68
AMC 0.32 0 0 0 0 1221 1
SXT 0.32 0.62 0.30 0.34 0.60 0.43 0.23
Staphylococcus aureus
Oxacillin 0.95 0.92 0.30 0.34 0.60 ! 36.8 1021 0.37
Gentamicin 0.32 0 0 0 0 1221 1
Erythromycin 127 1.23 0.89 0 0.30 1 76.4 1045 0.05
ORoxacin 0.95 0.92 0.30 0.34 0.60 ! 36.8 1021 0.37
‘Vancomycin 0 0 0 0 0 0 1
SXT 0 0 0 0 0.60 23.4 1
Other Gram-positive bacteria ©
Amoxicillin 0.63 0.62 119 0.68 0.60 148 ! 0.001 0.99
Cefotaxime 0.63 0.62 119 1.02 0.60 148 0.037 0.85
Erythromycin 0.63 0.92 2.39 1.36 0.90 42.8 0.074 0.64
Vancomycin 0 0 0 0 0 0 0
SXT 0 0.31 0.89 0.68 0.60 0.323 0.223

PD, patient-days;

AMC, amoxicillin/clavulanic

acid; TZP, piperacillin/tazobactam;

SXT, trimethoprim/sulfamethoxazole.

2 Regression coefpcient (>0, positive trend over time; <O, negative trend over time).

b Other non-fermenting Gram-negative bacilli included Stenotrophomonas maltophilia (52%), Acinetobacter spp. (38%) and other Pseudomonasspp. (10%).

¢ Other Gram-positive bacteria included Streptococcus pneumoniae (43%), other Streptococcus spp. (33%), Enterococcus spp. (14%) and Corynebacterium spp. (10%).
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Table 4

Relationship between the annual incidence rate of isolation of pathogens causing ventilator-associated pneumonia (VAP) and past-year antibiotic consumption.

Staphylococcus aureus

Pseudomonas aeruginosa

AmpC-producing Enterobacteriaceae

Escherichia coli

Antibiotic consumed

All strains

Strains resistant

All strains

Strains resistant

All strains

Strains resistant

to antibiotic
considered

All strains

Strains resistant

RS
o9
S o
=]
g 2
o
23

to antibiotic
considered

considered

P-value

r

P-value

P-value

r

P-value

r

P-value

r

P-value

P-value

r

P-value

0.190

1 0.125

0.732

1 0.014

0.493

0.021

0.003

0.133
10.581
0.056

0.229
0.049
0.195

0.06
10.64

AMC

0.640
0.462

0.103
10.018

0.010

11111
0.128

0.016 0.025
0.006 0.093

10.976
0.394

penicillins

Antipseudomonal

3GCs

0.635

1 0.016

0.067

0.054
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0.951

0.006
1 0.339

Ceftazidime and cefepime

Carbapenems

0.682
0.578

! 0.065
1 0.075
1 0.035
1 0.016

0.138

0.846
0.017

10.022
10.225
10.018
1 0.008

0.002
0.694

0.464
1 0.048

0.079
0.940

0.322

0.705

! 0.356
10.139
10.182

0.012

Aminoglycosides
Fluoroquinolones

Macrolides

0.303

0.572

0.187

0.202

0.688
0.742

0.068

1.067

0.012
0.002

0.178
0.099

0.575 0.073

0.462
0.096

0.097

0.035

0.626

0.063
1 0.076

0.778

0.049
10.022

0.027

0.254
10.010

0.429

0.119
0.118

0.710
0.182

Vancomycin
Imidazoles

0.573

0.731

0.004

0.064

acid; 3GC, third-generation cephalosporins.

/clavulanic
2 Regression coefbcient (for 10 units of antibiotic consumption).

there have been recent changes in the epidemiological patterns of
MDRB. We therefore thought that it was important to update data
for nosocomial infections. We chose VAP as a model because it is
the most frequent life-threatening nosocomial infection in the ICU
even if its attributable mortality has recently been revised [2,3],
accounting for more than one-half the antimicrobial agents pre-
scribed in the ICU,and also because contrary to other infections, we
follow avery specibc diagnostic procedure to identify VAP, identical
throughout the study period.

The incidence of VAP remained stable over the study period,
consistent with recent surveys indicating that, despite preven-
tive measures, patients undergoing invasive mechanical ventilation
remain exposed to a signibcant risk of VAP [17] . One key bnding
in this study was the decrease in isolation rates for H. inBuen-
zae, accompanied by a decrease in the incidence of early VAP. The
strengthening of preventive measures, such as semi-recumbent
position and cuff pressure monitoring, during the study period may
account for this decrease. It was beyond the scope of the study to
analyse changes in VAP rates. We can therefore only speculate on
the effect of the measures taken. However, these measures have
been shown to be effective in other studies and to have a greater
impact on early VAP [18] .

One key change was the signibcant increase in the incidence
of Enterobacteriaceae infections, particularly those involving APE,
over the study period, whereas the incidence of bacteria typically
involved in late VAP, such as antibiotic-resistant  P.aeruginosa and
MRSA, remained stable. These results are consistent with those
reported in a recent retrospective analysis of over 300 episodes
of microbiologically proven VAP [19] .

Total antibiotic consumption remained stable during the study,
close to the median of 1254 DDD/1000 PD recently reported in a
European ICU multicentre  surveillance programme [20] . However,
3GC consumption increased and this increase was positively cor-
related with the incidence of infections due to bacteria belonging
to normal human gut Bora, such as Enterobacteriaceae in general,
and APEin particular. Asimilar effect was also found for macrolides
and imidazoles, both of these antibiotic classesbeing recognised as
fostering the emergence of bacteria such as vancomycin-resistant
enterococci or Clostridium difPcile in the hospital setting [21] .
Furthermore, the increase in 3GCconsumption was positively cor-
related with the emergence of E.coli resistant to these antibiotics.
These data suggest that controlling the use of antibiotics capable
of disrupting the digestive Rora could play a major role in reduc-
ing the risk of VAP due to multidrug-resistant  Enterobacteriaceae
[22,23] . By contrast, the occurrence of VAP due to S.aureus was not
correlated with the consumption of any of the classes of antibiotics
studied. This indirectly conbrms the greater importance of hand
hygiene measures for the control of these infections [8].

We showed that VAP due to Buoroquinolone- and 3GC-resistant
Enterobacteriaceae strains has increased in incidence in our ICU.In
particular, anincrease in resistance of cefepime was directly related
to the worldwide emergence of ESBL-producing E.coli strains [9],
and the increase in carbapenem consumption at our ICU might
be the clue. Over the same period, the incidence of resistance
in typical hospital bacteria, such as K. pneumoniae, P. aeruginosa
and non-fermenting Gram-negative bacilli, remained stable despite
the increase in antibiotic consumption in our ICU. A recent study
reported a positive correlation between consumption of 3GCsand
RBuoroquinolones and ESBLincidence at the hospital level [24] .

However, this study provided no details of the types of ESBL
isolated, and there are probably important epidemiological dif-
ferences between Enterobacteriaceae species [25] . Furthermore,
consumption of carbapenems or Buoroquinolones in our ICU was
not correlated with the occurrence of infections with P.aeruginosa
resistant to these antibiotics. We indirectly conbrmed that short-
ening the duration of VAP, rather than controlling antibiotic
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consumption, is the key to preventing the emergence of resistant
P.aeruginosa [26] . These bndings conRict with those reported at a
national level by the ATB-RAISIN network [10] . This highlights that
an empirical antibiotic policy should be based on local epidemiol-

ogy to increase the rate of appropriate therapy. This may also reRBect
the role played by patients referred to our ICU with antibiotic-

resistant bacteria acquired outside our hospital for which we have
no information on and no control of antibiotic consumption. These
results conPrm the inBuence of antibiotic consumption outside the
ICU [24,27] and call for the implementation of antibiotic consump-
tion control policies at a higher level than hospital wards. A recent
study showed that changes in antibiotic prescription at national
level had an effect on the rates of resistance in Enterobacteriaceae

isolates from blood cultures [28] .

This study is subject to several limitations. First, we reported
antibiotic consumption in DDD/1000 PDbecause this allows bench-
marking between institutions. However, this method does not
distinguish between a small number of patients receiving a class
of antibiotics for along period or at ahigh dose and alarge number
of patients receiving small amounts of antibiotic or antibiotic over
ashort period. Moreover, this method is inBuenced by the length
of stay of patients [29] and may overlook antibiotic de-escalation.
However, the number of patients ventilated for >2 days and the
mean duration of ventilation remained stable throughout the study
period. Second, due to the retrospective, uncontrolled design of the
study, potential confounders, such asstafPng levels and compliance
with hand hygiene rules, may have infuenced trends. However,
stafbng remained stable in the ICU over the study period and the
use of alcohol-based gels for hand hygiene was introduced sev-
eral years before the study period. Third, there are many reasons
for prescribing antibiotics and the dose may depend on the indica-
tion. The selection of resistant bacteria occurs in individuals, and
we did not measure individual exposure to antibiotics or assess
the homogeneity of prescription [30] . However, no outbreaks were
highlighted by the local infection control unit during the study
period and relative changes in different bacterial groups revealed
differences in behaviour in the same environment. Fourth, VAP
diagnosis has been a subject of intense debate because of pitfalls
associated with the different diagnostic strategies. In the context
of antibiotic consumption, we believe that VAP criteria based on
quantitative cultures is the strategy that induces less undue treat-
ments. This strategy is the only one applied in our unit for many
years, including the study period. Finally, data were collected in a
single service over aperiod of only 6 years, but our results on micro-
bial epidemiology are consistent with other monocentric studies
[19], thus suggesting a certain external validity. Obviously, larger
prospective multicentric  studies are welcome to support these
pndings.

For the brst time in the context of a nosocomial disease, such as
VAP, we show here that antibiotic consumption is correlated with
an increase in the incidence of potentially MDRB such as APE.These
results add to several studies that have suggested that consump-
tion of antibiotics has a negative ecological impact that fosters the
emergence of bacterial resistance [10,24,27,28] . As correlation does
not prove causation, interventional studies are required to inves-
tigate the possibility of a causal relationship. However, empirical
antibiotic treatments for VAP should take changes in the epidemi-
ological situation into account, and a policy to control the spread
of these bacteria is warranted.
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Introduction France) and approved by the ethics committee of the
French National Society of Intensive Care (SRLF), which
Lung is the Prst site of infection in intensive care unit (ICWjd not require informed consent since there was no
patients 1], and ventilator-associated pneumonia (VAP) é&hange in practices and all procedures were already rou-
the most common life-threatiry hospital-acquired infec-tinely performed. Patients or family/relatives were
tion despite considerable effsrto implement guidelines forinformed of the nature of the study, its purpose and
its prevention 2, 3]. Consequences of VAP includ@bjectives. During 22 months, all patients mechanically
increased duration of mechaal ventilation and length ofventilated for 3 days or more were systematically sam-
ICU and hospital stay4} 5], high morbidity and mortality pled for simultaneous presencelf coli in the digestive,
[6], and increased antibiotic consumption and hospital costepharyngeal, and respiratory tract (and then once a
[7]. Gram-negative bacteria (@) predominate in hospital-week if still under mechanical ventilation). This screening
acquired pneumonia, and among thelBscherichia coliis was only possible during weekdays. Patients for whom
the mainEnterobacteriaceavolved in VAP [6]. E. coliis day 3 occurred during the weekend were sampled on the
the most abundant aero-anaerobic commensal intestviahday (unless they were extubated in the meantime).
bacterium §], with extraintestinal pathogenicity (extrainfor each patient whose samples showed simultaneous
testinal pathogeni€. coli: EXPEC) P]. Although a huge colonization of the three sites, clinical, epidemiological,
amount of data has accumulated®ncoli pathogenicity in and laboratory data were recorded. Concomitantoli
intestinal, urologic, central nervous system, and bloodstrepineumonia was also reported.
infections, there issurprisingly, little data on lung infection
[10], despiteE. colinow being as often responsible for ICU
infections asPseudomonas aerugino§d. Given the wor- E. coliisolates [see electronic supplementary material
risome increase in multidrug resistance among GNBSM)]
including E. coli [11], future therapeutic approaches will
have to rely on other strategies including vaccine ahecal isolates oE. coliwere obtained by rectal swabbing
immunotherapy 12, 13. Greater knowledge of genotypigerformed during routine surveillance of multidrug-
and phenotypic characteristics &. coli responsible for resistant bacteria carriage. Oropharyngeal isolates were
VAP is the necessary brst step in the search for potermialained by swabbing the oropharyngeal cavity immedi-
vaccine candidates, as fBr aeruginosd14, 15]. ately before routine oropharyngeal care performed every
Phylogenetic analysis shows th& coli population 6 h on average in our unit.
can be divided into four major groups (A, B1, B2, and D). Respiratory isolates were obtained from respiratory
Strains belonging to groups A and Bl are known secretions retrieved either during routine tracheal suc-
carry few genes encoding virulence factors (VF), with wetikning or during Pberoptic bronchoscopy performed for
extraintestinal pathogenicitylf], and are commonly mul-VAP suspicion.
tidrug resistant 17]. On the other hand, group B2 and D When all three sites were positive fd&. coli, pve
strains typically express numerous VF mediating bactedalonies of each site were randomly pickdd]] isolated,
adhesion and protection, cell$tanvasion, toxicity, and ironand stored at 80 !C in brainbheart infusion broth con-
uptake [L0], usually exert high extiatestinal pathogenicity taining glycerol 20 %.
[16], and are generally more susceptible to antibiotitd.[
Phenotypic and genetic characteristics of EXPEC isolates 5
have been extensively studied except for oropharyngeal lsafatesO genetic background analysis (see ESM)
respiratonyE. coliisolates in the ICU, for which there are no
data. We, therefore, aimed to charactefzesoli respiratory Triplex polymerase chain reaction (PCR) methdd®)][
isolates of ICU mechanically ventilated patients and comas used to determine thE. coli phylogenetic group
pare them with their orogryngeal and digestivemembership (A, B1, B2, D). Multiplex PCR was used to
counterparts. To better understaid coli lung infection detect genes encoding for seven frequently encountered
pathophysiology, an in vivo amial model of lung infection extraintestinal VF, which belong to the main classes of
was used to assess pulmonary virulence of various repfe-(adhesin, toxin, and iron capture system) (see ESM
sentatives of these isolates. Table 1) pO]. The VF score was debned as the number of
VF present divided by the number of VF tested for each
isolate.
; IsolatesO intrasample genotypic diversity was investi-
Patients and methods gated based on triplex PCR proble and/or VF gene
Patients content as in21]. Different comparisons of intrasample
diversity were made: between each site, between VAP
This prospective study was conducted in Louis-Mouriand lung colonization, and between VAP and all other
University Hospital medico-surgical ICU (Colombesamples.
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Pulsed-beld gel electrophoresis (PFGE) was perfornbest was used to compare categorical variables, and
as in P2 on some isolates. VAP B2 phylogroup isolatemalysis of variance antitest were used for continuous
were further characterized by presence of 11 additional Vé&riables. Probability of survival was assessed by Kap-
[20], PCR O-typing 23], and B2-subgrouping24]. lanbMeier analysis. Correlation between content of VF

genes and mortality was tested using nonlinear regression.

- . - GraphPad Prism 4 (GraphPad Software, San Diego, USA)
Antimicrobial susceptibility (see ESM) was used. All tests were two-tailed, wi\ 0.05 con-

. . . ) sidered signibcant.
Antimicrobial susceptibility of each isolate was deter-

mined by disk-diffusion method according to the French
Society of Microbiology. Susceptibility score was debned

as the sum of active in vitro antimicrobial agents for eagibgylts
isolate. A score of 1 was attributed for a sensitive, 0.5 for

an intermediary, and 0 for a resistant isolate, a high&atients
score thus indicating a more sensitive isolate.

During the study period, 891 patients were mechanically
ventilated, a total of 381 for more than 3 days, of whom
Infection/colonization debnitions (see ESM) 132 patients were sampled. Others were not sampled
mainly because they were extubated before the sampling
Infection was debned as a microbiologically proven VABould be performed. All rectal samples were positive for
Colonization was debned &S coli present in the respi-E. coli. Among those patients, 12 were also positive in the
ratory sample but in the absence of clinically suspectedopopharynx (but negative for the lung) and 25 had positive
microbiologically conPrmed VAP. cultures forE. coli at the three sites (rectum, oropharynx,
and lung). Positive samples in the lung were always
associated with positive oropharyngeal samples.

Animal study Five E. coli colonies were randomly picked from each
. . sample. Figurel depicts the Bowchart of the patients and
Experiments were performed in pathogen-free 6D8-wegls isolates. Based on the genotype and antibiotype

old male BALB/c mice (Janvier SA, France) in complianG§aracterization, a total of 115 distinct isolates were
with the recommendations of the French Ministry @k died.

Agriculture and approved by the French Veterinary Ser- patients® characteristics are displayed in Table
vices.E. coliisolates were grown overnlght_(LBMegilum Twelve of these patients had documentdcoli VAP.
BIO101 Inc., Carlsbad, CA, USA), and serial dilution wag, signibcant difference was found between patients with

performed to obtain different inocula. To assess pulmongpy without VAP in terms of characteristics (Talle
virulence of various isolates, these microorganisms were

inoculated via nasal rout@$] under light anesthesia with
pentobarbital (Sigma, France) and sevoRurane (Abbgit .

France). Preliminary experiments using a welI-knov!/ariﬁ'ylOgenet'C groups and VF genes
ExPECE. coliisolate (strain 536)7J6] served to determine L . . .
an inoculum that wotfld yield 60)%2]: mortality. This Cutoé:on&denng all three sites, B2 was the mgun phylogeonetlc
was chosen in order to be able to detect more or less viruﬁ’err‘icliup (55 0/")' followed by group A (28 %), D (13 %),
strains, being obtained with a 3% 10° colony forming and B1 (3 %). The distribution pattern (Fig) was sim-
unit (CFU) inoculum per mouse. This value was theref |%rhamong sites, e}lthoyghhthere was a trendhtow_ardhs a
used for the experiments for each isolate. Igher proportion of B2 in the respiratory tract than in the

Preliminary experiments with each strain tested We%ggggtrﬁllglgﬁal and the rectal site (66, 51, and 49 %,
used to conbrm histologically and microbiologically th dTabIeZ details the distribution of VF genes among

presence of pneumonia. Animals were closely monito_reHylogenetic groups. All screened VE genes were dif-
for 96 h. Death never occurred after 48 h. This durat|$ :

was subsequently used to assess mortality in our expgﬁ?nt in B2 compared with non-B2 isolates: all rdT

ments. Each isolate was tested in 25 mice challengfélfj aer genes were more prevalent in B2 isolates. Fur-
intranasally with 3.9 10° CFU ermore, B2 isolates had a signibcantly higher virulence

score than non-B2 isolates (0.200.18 versus
0.37% 0.25; P\ 0.0001). There was a trend towards
Statistical methods more isolates with a greater virulence score at the respi-
ratory and oropharyngeal sites than the rectal site (data

Results are expressed as mearstandard deviation (SD)Not shown). When considering respiratory samples only
if not indicated otherwise. The? test or FisherOs exadfl able 3), there was a trend toward more B2 strains and
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891 patients
mechanically ventilated

Table 1 Patient demographic and clinical characteristics

- Pneumonia Lung P value
510 patients (n=12) colonization
ventilated < 3d (n=13)

381 patients
ventilated >3d

132 patients sample

249 patients not sampled:
- extubation before sampling
- sampling due on weekends

25 patients positive at the 3 site:
(rectum, oropharynx, respirator

For each patient, 5 colonies
picked in each sample of each
site: 25 x 5 x 3 = 375 isolates

Incomplete analysis for
technical problems for:
- 12 rectal

- 5 oropharyngeal
- 15 lung isolates

Age (years)
Male gendern (%)
Comorbid conditionn
Neoplastic disease 2
Cirrhosis 2
Chronic kidney disease 2
Dialysis 1
COPD 4
Chronic heart failure 4
Chronic alcohol consumption 5
Reason for ICU admissiom
Community-acquired 3
pneumonia
COPD 3
Status epilepticus 2
Coma 1
Cardiac arrest 0
Septic shock 1
Acute pulmonary edema 1
Acute renal failure
Abdominal surgery

63 (49D70.5)
9 (75)

62 (46.5D69.5) 0.84
10 (77) 1

1
0
Hemorrhagic shock 0
Severity Score (SAPS Il)  42.5 (34.5D45.5) 45 (37D59.5) 0.35
on admission §0]
Duration of mechanical
ventilation prior to
E. coli isolation (days)
Ongoing exposure to
antimicrobial
therapy? n (%)
Prior exposure to
antimicrobial
therapy? n (%)
ICU mortality

Total number of isolates studiedl:
- 113 rectal

- 120 oropharyngeal
- 110 lung

10.5 (3.5D20) 4 (2.508) 0.15

7 (58) 9 (69) 0.57

4>{ Exclusion of identical isolate%

Final number of isolates analysed:
- 41 rectal

- 39 oropharyngeal

-35lung

8 (67) 4 (31) 0.07

6 (50 %) 4 (30 %) 0.33

COPD chronic obstructive pulmonary diseas8APS Simplibed Acute
Physiology Score

a

Fig. 1 Flowchart of patients and isolates. One hundred pﬁef%ﬁ:dei:hgga"fagls; 20f ongoing and prior antimicrobial therapy can be
distinct E. coli isolates were obtained from 343 studied isolates

from 25 patients. Isolates were considered as identical when they
exhibited identical PCR phylotyping pattern, VF gene content, and
antibiotype
Individual characteristics of the respiratory isolates of

the 12 VAP patients are given in ESM Table 3. Two
fewer A strains in isolates from patients with VAP thapatients were considered to have VAP despite bacterial
from those without. In addition, VAP isolates had a si§ount below threshold. Antimicrobial agents were given
nibcantly higher virulence score than those coming frdfhthese patients because VAP was strongly suspected in
patients with colonization only. This also held true whéfiew of a low PaQ/FiO, ratio with new radiological
only considering non-B2 isolates (data not showdf)Pltrate, no other site of infection, and favorable out-
Among VF genesiroN and sfa were signibcantly morecome with appropriate antt coli agents. Of note, lung
present in VAP isolates than colonization isolat@icrobiological sampling in these patients was performed
(Table3). Further characterization of the 16 VAP Bhile patients had already started receiving antibiotics for
isolates showed that only two belonged to the frequend$\P suspicion, a situation in which thresholds of bacte-
recovered subgroup Il [multilocus sequence type compl&d count should be reduced to maintain validigg].
(STc)73)] R7]. Of note, bve isolates from four patients IsolatesO intrasample genotypic diversity was assessed,
belonged to subgroup Ill (STc127), which encompasgéil no difference was found; For example, the mean and
the highly virulent archetypal strain 53@§] (Table4). range of phylogenetic group/subgroups among the pve
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In 12 patients, all rectal, oropharyngeal, and respira-
tory isolates held the same antimicrobial susceptibility
proble. In the remaining 13, intrasite diversity was
observed (ESM Fig. 1). Four patients with various anti-
biotic susceptibility probles in respiratory samples (ESM
Table 5) had VAP. To differentiate further, PFGE were
performed, and for three of them, similar genomic iden-
tities were evidenced (less than 11 % difference),
suggesting a monoclonal population with microhetero-
geneity. For the last patient, the PFGE pattern evidenced
polyclonal infection. No other case of antimicrobial
heteroresistance was seen in the respiratory samples.

Animal study

Representative photos of histological features of pneu-
monia obtained during preliminary experiments are
Fig. 2 Distribution of phylogenetic groups A, B1, D, and B2 at thdisplayed in ESM Fig. 2. Characteristics of the six rep-
three sites wheré. coli was sampled: rectum, oropharynx, angesentative isolates that were used are detailed in Table
o e & oo e roporion o B3 JeT-Pve mice were used per islate, hus a total o
respiragtory tract than in the oropharynggeal a%d F:he rectal site (¢ 0 mice were tested. No O_'eath °°‘?U"ed befqre 6h _after
51, and 49 %, respectively) inoculation. We found signibcant differences in survival
rates in mice challenged with these isolates (RB@). The
isolates originating from rectum, oropharynx, and lurp. isolate with the greatest content in VF genes=(7)
were 1.14 (193), 1, and 1, respectively. induced the highest mortality. A B2 isolate carrying pve
VF genes had signibcantly higher mortality power than A,
B1, or B2 isolates with fewer VF. We found a very strong
Antimicrobial susceptibility positive correlation & = 0.99) between the numbers of
VF genes carried b. coliisolates and mortality induced

Antimicrobial susceptibility to seven clinically relevant the pneumonia model (Figb).

antibiotics is summarized in ESM Table 4. Of all isolates,

11 % were piperacillinbtazobactam resistant or interme-

diate and third-generation cephalosporin susceptible. — -
Two patients had extended-spectrutrlactamase Discussion

(ESBL)-producingE. coli isolates at the three sites. B2 o

isolates were signipcantly more sensitive than non-B2 the best of our knowledge, this is the brst study

isolates with a greater susceptibility score (1%5.@®.7 Showing genotypic and phenotypic characteristics of
versus 8.6t 3.7; P\ 0.0001). E. coli isolates responsible for VAP in ICU patients and

Table 2 Distribution of virulence factor genes according to the phylogenetic group of th&1&8li isolates sampled from the three sites

Virulence factor genes Phylogenetic group

A B1 D Non-B2 B2 P*

n= 32 n=>5 n= 15 n= 52 n= 63
papC n (%) 8 (25 %) 0 2 (13 %) 10 (19 %) 49 (77 %) \ 0.0001
hlyC 0 3 (60 %) 0 3 (6 %) 48 (76 %) \ 0.0001
aer 20 (63 %) 1 (20 %) 11 (73 %) 32 (62 %) 24 (38 %) 0.0123
sfa nd nd nd nd 52 (83 %) b
cnfl nd nd nd nd 47 (75 %) b
traT 15 (47 %) 1 (20 %) 15 (100 %) 31 (60 %) 26 (41 %) 0.0502
iroN 13 (41 %) 1 (20 %) 3 (20 %) 17 (33 %) 60 (95 %) \ 0.0001
Virulence score 0.4 0.3 0.24+ 0.2 0.41+ 0.2 0.37+ 0.3 0.70+ 0.2 \ 0.0001
Antimicrobial susceptibility score 8.8 3.9 5.0+ 4.0 10.6+ 1.4 8.6+ 3.7 15.0+ 2.7 \ 0.0001

sfawas searched for in B2 isolates, aadflin B2 isolates carryindilyC
* Comparisons made between B2 and non-B2 isolates
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Table 3 Phylogenetic group, content in virulence factor genes, andmparing them with their rectal and oropharyngeal
antibiotic susceptibility score d. coliisolates from VAP and lung counterparts. We also assessed pathogenicity and viru-

colonization lence of representative isolates in a pneumonia mouse
VAP, Lung p model. The main results can be summarized as follows:
n= 21 colonization, (1) multisite colonization with E. coli is frequent,
n= 14 observed in 19 % of our patients; (2) the majority of

isolates belong to phylogenetic group B2, characterized

Tylogenet'c groum (%)( by higher susceptibility to antimicrobial agents and

4 (19 %) 5 (36 %) 0.236

B1 0 1 (7 %) 0.100 Qreater content of VF genes than the other phylogenetic
D 1 (5 %) 1(7 %) 0.740 groups; (3) VAP isolates belong more often to group B2
B2 o 16 (76.%) 7 (50 %) 0.109  and have higher VF content than colonization isolates; (4)
V"a“'(e:”ce factor,n (%) 15 (71 9%) 6(43 %) 0163 VAP B2 isolates exhibit infrequent EXPEC sequence
gef 8 (38 %) 5 (36 %) 0886 types; (5) antimicrobial resistance diversity is observed in
hlyC 12 (57 %) 6 (43 %) 0.406 respiratory samples of patients with. coli VAP, an
traT 10 (48 %) 6 (43 %) 0.781 unprecedented Pnding; (6) high extraintestinal virulence
iroN 18 (86 %) 7(50 %) 0.022 - nf these clinical isolates responsible for VAP is conbrmed
sfa 15 (83 %) 5 (36 %) 0.006 - ;
enfl 12 (92 %) 2 (29 %) 0007 N a mouse model oE. coli pneumonia, and content of
Virulence score 0.65% 0.196 0.435 0.317 0.018 VF genes and mice mortality are strongly correlated.
Antimicrobial 158+ 1.55  10.5+ 474 | 0.0001 These results may have signiPcant impact in VAP pre-
susceptibility score vention and treatment, given the growing prevalence of

sfawas screened in 18 pneumonia and 8 colonization isolates, BRgPital-acquired infections due to GNEY|, by pro-
cnfl was screened in 13 pneumonia and 6 colonization isolatesviding for the Prst time a detailed analysis Bf coli
strains colonizing and infecting ICU patients. They may

Table 4 Extended characteristics of the 16 VAP B2 coli isolates

T s P
2 E g g °o 3 < 8 g [SINO] o < a < 3 —E,i
E 0§ 3 £ 5 > EsESfgg2rfE:EELEREEZ
7] = =3 o o E © < =]
2 8 © © <

T <
T145 12 B2 v 141 NT + O I L R Ry N
T146 12 B2 v 141 NT o+ L1+l + + 4+ 0+ + 1 1+ 1 + I B
T147 12 B2 1l 73 O6a ! o+ + I+ + + + + %+ + + ! + 1 cC
T148 12 B2 v 141 NT + [ + Il + + + 4+ + ! 1 + 1 + 1 C
T149 12 B2 % 141 NT  + L LU S R e R |
Ti89 15 B2 1 73 NT ! L L O R
T204 16 B2 n 127  O6a ! L L T T R S o)
T205 16 B2 UG NT ! e e e R R =
T206 16 B2 uG NT ! L e
T208 16 B2 1l 127  O6a ! L L S A A R e )
T232 18 B2 n 127  O6a ! [ | S N L
AT261 20 B2 UG O6a ! L+ + L1 + + 1 o+ o+ 4+ + G
pDP272 21 B2 I 73 NT ! L R A A e
PDP291 22 B2 UG NT ! L L L e N R R Y
PDP302 23 B2 n 127  O6a ! L LI S S A T R R |
PDP317 24 B2 1 127  O6a ! [ S || N S S S S 2 N N S S A -

UG ungroupedNT non O1, O2a, 04, O6a, O7, 012, 015, 016, 018, O25a, O75, 0157

@ Determined by the triplex PCR method of Clermont et 4B][

b According to Ref. 4]

¢ Sequence type complex (STc) according to the Achtman multilocus sequence typing (MLST) stipaten(st.ucc.ig

4 According to Ref. 3]

¢ The virulence genes were grouped in pathogenicity islands (PAls) and plasmid as irbReds [follow: grey= plasmid, blue=
PAI Icrro73 orange= PAI Il 396 green= PAI Ill sz Violet = high-pathogenicity island (PAI ¥

' Antibiotypes debned for each patient according to a given pattern of antibioresistance
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Table 5 Characteristics of the six isolates assessed for mortality?n aeruginosaand Staphylococcus aureys4, 35. Our

the mouse pneumonia model local epidemiology of VAP is in agreement with these
recent bndings. Paradoxically, little is known about
E. coli lung pathogenicity, apart from the inRammatory

Sample site  PhylogeneticNumber of Name of
group virulence virulence

factor genes factor genes role of E. coli capsule and O-antige3@] and hemolysin-
induced surfactant dysfunctio36).

Eectql ) ?\1 g None In order to investigate potential differencestn coli
Recr o™ &5 3 2o, traT, iroN isolates between intestinal commensalism, oropharyngeal
Respiratory A 4 papG aer, traT, iroN  colonization, respiratory tract colonization, and sub-
Respiratory B2 5 papG aer, hlyC, traT, sequent lung infection, we included in our study only

iroN patients whose samples were simultaneously positive for
Rectal B2 7 papG aer, hlyC, traT,

E. coli at these three sites. With this restriction in mind,
we found that 25/132 (19 %) of our patients had multisite
positive samples. Among them, 12 were diagnosed with
provide potential leads to investigate future therapeufic coli VAP. Because of the specibc aims of our study
strategies such as those based on vaccine candidatestherefore its design, comparison with existing data is
[30E8B3]. difbcult. However, our results expand those previously
A large-scale epidemiological study on infections ublished dealing with GNB colonization, indicating
the ICU showed for the brst time th&t coli was more increasing levels of colonization with increasing patient
frequent thanP. aeruginosain North America and asseverity and subsequent risk for VAB7EB9).
frequent in Western Europel]] More recent data even The B2 group was the most frequent phylogenetic
suggest that Enterobacteriaceae (and among themgroup at all sites (Fig2) with a trend towards a higher
E. coli) are now more often responsible for VAP thaproportion in respiratory samples than oropharyngeal and

iroN, sfa cnfl

Fig. 3 aSurvival curves of
mice instilled with

3.69 10° CFU of different

E. coliclinical isolates (25 mice
per isolate). A signibcant
difference was found

(P\ 0.001) among survival
rates. B1, A, and B2 isolates
with zero, one, and three
virulence factor genes,
respectively, exerted
signibPcantly less mortality that
one group A or two group B2
isolates with, respectively, four,
bve, and seven virulence factor
genesb Relationship between
mortality and content of
virulence factor genes: a very
strong correlation? = 0.99)
was found between the number
of virulence factor genes carried
by E. coliisolates in the
pneumonia mouse model and
mortality. The best bt was
observed with a sigmoidal
curve, indicating that a
minimum of virulence factor
genes are required to induce
mortality, and that maximum
mortality was observed with
seven virulence factor genes
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rectal samples. Furthermore, these B2 isolates harbdrad been implicated in the virulence of these strains.
more VF genes than isolates from other phylogenefitudies have shown thabN may be a potential vaccine
groups, in agreement with former Pndings6]. This candidate to prevent urinary tract infectiond8]. We
distribution is similar to what has been described in ufeund thatE. coli isolates responsible for VAP harbored
nary tract infection, septicemia or neonatal meningififeN more often than those responsible for respiratory
[16, 40, 41], and relRects the greater virulence of Bact colonization, showing the unprecedented potential
strains. role of iroN in lung pathogenicity. Further studies are
Testing of antibiotic susceptibility showed signikrequired to conbrm and clarify the respective roles played
cantly higher antimicrobial susceptibility in B2, compareoly these VF, but our bndings are consistent with the
with non-B2, for both respiratory and nonrespiratoghoice of iron uptake proteins as potential candidates for
isolates. This is also in agreement with former bndingsviaccines againgk. coli as recently published3p].
other settings 7). Furthermore, this trade-off between Given the scarcity of experimental data with clinical
virulence and resistance was also observed within tlspiratory isolates oE. coli (since the bulk of in vitro
B2 isolates (ESM Fig. 3). Importantly, we identibed 11 #nd in vivo extraintestinal experimental data focus on
of isolates that were resistant to the combination pipebdsodstream, meningitis, and uropathogenic isolates), we
cillinbtazobactam but were still susceptible to thirdecided to test representative strains in an animal model
generation cephalosporin (in relation to secretion af pneumonia. We found that isolates with the greatest
a high level of penicillinase). This was observed mpntent of VF genes were associated with the highest
both respiratory (2/35; 6 %) and nonrespiratory isolatemrtality. Interestingly, even a rectal isolate was capable
(11/80; 14 %) and conbrms previous reports on tliEvery high mortality, in agreement with the notion that
phenomenon4?2]. This bnding bears potential therapeutidrulence is a by-product of commensalisg¥] (Fig. 3a).
impact if piperacillinbtazobactam is used as Prst-liN®t surprisingly [L6], but never reported before in the
empirical therapy for Gram-negative VAP. Interestinglgetting of pneumonia, we found a very strong correlation
we found thatE. coli isolates retrieved from a singldetween the number of VF genes carried by isolates and
respiratory sample could vyield different antimicrobiahortality (Fig. 3b). The additive effects of VF have been
susceptibility patterns, highlighting antimicrobial resisecently reported experimentally using mutant strains
tance polymorphism inE. coli. Of note and bearing[49].
potential impact on VAP treatment, this diversity was
only evidenced in respiratory samples from patients with
pneumonia (4/12 patients; 33 %). PFGE was performed.imitations and strength of the study
order to test the clonality of the isolates and conbrmed
that three of these patients had monoclonal infection.@me limitation of the study is the number of patients
all other respiratory samples, colonies had the sasweeened, and therefore studied. This screening (which
antimicrobial resistance phenotype. Antimicrobial diveincludes extended-spectrunb-lactamase GNB and
sity resided in sensitivity td-lactams in three patientsmethicillin-resistantS. aureuyis part of our routine ICU
and in antimicrobial agents of lesser medical intereaimission procedure. Any incoming patient (whether
(trimethoprim or chloramphenicol) for two of thesender mechanical ventilation or not) is screened for the
patients and for the remaining patient (ESM Table 5), apdthogens listed above on ICU admission and then once
resulted probably from plasmid loss. This Pnding mayweek. As mean duration in our ICU is 6 days, a
explain clinical failure of antimicrobial treatment whefimited number of patients were screened repeatedly
the more susceptible strain has been picked for the adtiring their stay it = 20, 15 %), thus it is difpcult to
biogram. We recently described the same phenomenoassess the dynamics of colonization, and the sequential
other E. coli extraintestinal infections4{3], and it has acquisition of various isolates at the different sites. We
been reported for other microorganismé417]. We, can only speculate on the qualitative order ©f coli
therefore, believe that several colonies of a single respiquisition sequence: rectum, then oropharynx, then
ratory sample should be tested for antimicrobiking. The quantitative order (exact time to acquisition)
susceptibility in case of GNB VAP. requires another study, which we are about to perform.
We found among the respiratory isolates that thoBecause studies ok. coli VAP are very limited (and
responsible for VAP had greater content of VF genes thaetause P. aeruginosa has been already extensively
those implicated in simple colonization. This held true fetudied), we deliberately focused solely da. coli.
both B2 and non-B2 isolates (data not shown). VF gerigsspite a limited number of patients, a major strength of
of interest includedroN and sfa indicating that, along- the study is that it provides for the brst time an in-depth
side host factors, pathogen factors also play a major rpkenotypic and genotypic analysis dE. coli VAP
in lung infection developmentroN codes for a sidero-in comparison with their oropharyngeal and rectal
phore receptor of extraintestinal pathogeticcoli, and counterparts.
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isolates and especially those responsible for VAP
more often B2E. coli, with greater VF gene contenf

Taken together, our results show that respiratoq:y«nowledgments We wish to thank Julie Bex, Marie-Claire
eaux, Maggy Grossin and Catherine Deschamps for technical
sSistance, and all the nurses and assistant-nurses of Louis Mourier

CU for their help in obtaining the microbiological samples. This

than other isolates, including iron uptake genes suchwas was supported by a grant from the Fondation pour la
iroN. Targeting these proteins by way of vaccines Becherche Meicale to J.M.

monoclonal antibodies may help establish novel thera-
peutic strategies.
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